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PREFACE

The Nationd Occupational Hedth and Safety Commisson is a tripartite body established by the
Commonwed th Government to develop, facilitate and implement a nationd hedth and safety Strategy.

This drategy includes standards devel opment, research, training, information collection and dissemination,
and the development of common gpproaches to occupationd hedth and safety legidation.

The Nationd Commisson comprises representatives of the peak employee and employer bodies -
Audrdian Council of Trade Unions and Confederation of Audrdian Industry - as wdl as the
Commonwedth, State and Territory Governments.

In line with the Commisson's philosophy of participation, standing committees and working parties are
basicdly tripartite in nature, but aso include persons with specidist knowledge and representatives of
groups with specia needs.

With the establishment of the Nationd Occupationd Hedth and Safety Commisson, some functions
which were previoudy the respongbility of the Nationd Hedth and Medicd Research Coundil
(NH&MRC) were tranderred to the Nationd Commisson. One such function was the continuing
development of the Membrane Filter Method for Estimating Airborne Asbestos Dust.

Whereas other Commisson Working Parties are of a tripartite nature, the Working Party on the
Membrane Filter Method has retained its existing NH& MRC membership of experienced occupationa

hygienigts. Under the direction of the tripartite Standards Devel opment Standing Committee, the Working
Party was charged with reviewing the existing NH& MRC Membrane Filter Method and other aternative
methods of monitoring asbestos and devel oping a sandard methodology for the determination of airborne
asbestos.

Although the Membrane Filter Method for Estimating Airborne Asbestos Dust only addresses the
scientific or technical congderations of this technique, this document should be read in conjunction with
the Nationa Commission's Guide to the Control of Asbestos Hazards in Buildings and Structures,®
and Code of Practice for the Safe Removal of Asbestos.” These publications outline the appropriate
exposure standards for asbestos and the principles of result reporting and employer-employee
consultation which are endorsed by the Nationd Commission.
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GLOSSARY OF TERMS

Occupationd and Regulatory Occupationa and regulatory samples

Sampling are those samples taken within the Worker Breathing
Zone and give results that are indicative of the worker's
exposure under representative working conditions. As
they represent actual persond exposure, the results of
such sampling can be compared with occupeationd
exposure standards.

Paraoccupationa Sampling Paraoccupational samples are those static samples
taken as an indicator of the effectiveness of process
control techniques, and are not representative of actual
occupationa exposures.  As the results obtained from
paraoccupationa sampling do not reflect actud worker
exposure, they cannot be compared with occupationa
exposure standards.

Single Sample Duration Single Sample Duration is the actud time during which
a sngle sample is collected. This duration is usudly
dependent upon analytical requirements (see section
8.7).

Static Samples For the purposes of this document static samples are
samples taken &t fixed locations, usudly between one
and two metres above floor levd.

Tota Sample Duration Tota Sample Durdtion is the sum of the Single Sample
Durations taken over the sampling period (see section
8.8.2).

Worker Breathing Zone The Worker Breathing Zone is described by a

hemisphere of 300mm radius, extending in front of the
face and measured from a line bisecting the ears.
Bregthing Zone samples are usudly obtained if the filter
holder is fastened to the jacket lapd of the worker.

The cowl mug aways point downwards. The
worker carries the pump on a belt or in a pocket.

These samples are known as "Persona Samples.
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INTRODUCTION

While airborne ashestos fibre concentrations from al types of asbestos® in the occupationa environment
are generdly determined by the Membrane Filter Method, experience has shown that this method does
not aways produce comparable results when used by different [aboratories and by different workers.
Differences can arise due to variations in sampling, preparation of the dide, optical counting, the
caculation of the results and other influencing factors. Inter-laboratory comparisons of dust measurements
are feasble only if agreement can be reached concerning dl details of the method.

This updated version of the origind 1976 NH&MRC Membrane Filter Method® retains the basic
andyticd method of phase contrast light microscopy. Any changes should not markedly affect the
estimates of arborne fibre concentration but should improve the reiability of the method and produce
more rdiable results when used by different laboratories. The origind NH&MRC method (amongst
others) was used extensvely in developing the Asbestos International Association (AIA) RTM-1® and
the present drafts of the International Standard Organisationt® and the European Reference Method.”)
The Nationa Commission wishes to acknowledge assstance provided by, amongst others, the UK
Hesdlth and Safety Executive®

This updated verson is based largely on the AIA Reference Method, with minor modifications and
various additions to adapt it to sampling in paraoccupationd dStuations where the arborne fibre
concentration is low reldive to that found in the occupationd environment where persons are working
directly with asbestos-containing materials. Moreover, in these paraoccupationda stuations (which include
sampling positions outsde the temporary enclosures erected during the removal of ashestos-based
therma/acoudtic insulating naterids) asbestos fibres often comprise only a small percentage of the tota
number of fibres which might be found in a sample of the ambient arr. 1t must therefore be strongly
emphasised that the results obtained by following the paraoccupational method should not be
related to exposure standards which apply to occupational stuations where the fibres are
principally asbestos.

Mog informed authorities consder much of this paraoccupational sampling to be wasteful of resources
and money, as the results obtained are often meaningless unless used to confirm the effectiveness of the
control measures in use during asbestos removal or asbestos disturbance operations.  As these Situations
now produce the bulk of airborne asbestos sampling, it is necessary to provide a forma method so that
results can be more comparable. However, it must be strongly emphasised that the results obtained by
following the abovementioned method should not be related to occupationa exposure standards because
of the different types of fibres found in occupationa situations (predominantly asbestos) to those found in
paraoccupationa sampling (Sometimes no asbestos &t dl).

Persons new to asbestos dust sampling and andysis should not undertake work in this field without

making persond contact with an experienced occupationd hygienist or scientist to obtain the essentia
training in the techniques involved.
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SCOPE OF THISMETHOD

Part | of this document describes the procedures required to estimate personal exposure and to assstin
the control of occupationa environments where asbestos processes are in operation and the airborne
fibres which are present are known to be predominantly asbestos.

Part 11 describes the sampling techniques that can be used in the paraoccupationa environment where
fixed station sampling is used and where airborne fibre levels may be low, or fibres may not necessarily be
asbestos.

Pat |1l details laboratory andytical procedures which are common to both the occupationad and
paraoccupational components of this method.

It should be emphasised that in mixed dust Situations the presence of other fibres and fibre-like particles
may interfere with the interpretation of any results.

It must dso be recognised that the use of this method has limitations when gpplied to samples containing
plate-like or acicular particles (eg. tac, gypsum and certain other minerds and fibres), and consequently
should not be implementated without a full quditative undersanding of the sample.  There are andytica
methods which can be used to develop a more complete understanding of complex samples. These
techniques include polarisng light microscopy, dectron microscopy, X-ray diffractometry, gravimetric
methods etc.

For occupationa sampling, in the absence of other technicdly convincing informetion, dl partides
complying with the defined geometric conditions (see section 8.5), are to be considered as asbestos fibres
and counted as such, thereby ensuring that under-estimates of asbestos exposure are minimised. Thisrule
should aso be gpplied to paraoccupationd sampling but with the knowledge that it frequently over-
estimates the asbestos concentration. It is aso intended that the procedures described in this document
can be used for epidemiology. However, for epidemiologica purposes, more complex anaysis may be
required to achieve a complete understanding of occupationa exposure.

Pat 1V describes the main sources of errors that arise when usng the method, and gives severd
quantitative estimates of the overal “accuracy'.

GENERAL METHOD DESCRIPTION

A sample is collected by drawing a measured quantity of ar through a membrane filter by means of a
sampling pump.  The filter is later transformed from an opague membrane into a transparent, opticaly
homogeneous specimen.  The fibres are then sized and counted, using a phase contrast microscope and
eyepiece graticule.  The result is expressed as fibres per millilitre of ar, caculated from the number of
fibres on thefilter and the measured volume of air sampled.

102



PART |

AIR SAMPLING FOR OCCUPATIONAL SITUATIONS (ASBESTOS PROCESSEYS)

The firg part of this method is intended to be used for the sampling of arborne asbestos dust in
occupaiond environments where the airborne fibres are known to be predominantly asbestos. This
method shall be used to determine compliance with Exposure Standards® or the various regulatory limits
throughout Australia which apply to ashestos processes. These include asbestos manufacturing industries,
as wdl as maintenance and congtruction work directly concerned with in situ asbestos-containing
products.

Terms such as Occupational and Regulatory Sampling, Worker Breathing Zone, Sngle Sample
Duration and Total Sample Duration have particular Sgnificance to this method and are defined in the
Glossary a the beginning of this document.

1. STRATEGY FOR OCCUPATIONAL SAMPLING
1.1 GENERAL PRINCIPLES

Occupationa exposure measurements are carried out to achieve one or both of two major objectives:

to assess exposure relative to an occupational exposure standard and to enable appropriate dust
control measures to be implemented

to provide estimates of exposure for epidemiologicd investigations of morbidity and mortaity
Sampling procedures should be arranged so as to cause minimd interference with the activities of the

worker. All sampling must be conducted in the bresthing zone of a worker so that the results are
indicative of the worker's exposure to asbhestos fibres under representative working conditions.

1.2 TOTAL SAMPLE DURATION AND NUMBER OF SAMPLES

Sample duration is influenced primarily by the reason for sampling, the level of fibre concentration to be
messured, the concentration of non-fibrous dust and the requirements of the analytical method. This may
result in more than one single sample being required. The Total Sample Duration should never be
lessthan four hours, and preferably over an entire shift.

Section 8.7 details acceptable minimum and maximum loadings of fibres on the filter, and it is this loading
which dictates the range of possible sampling time for different airborne fibre concentrations.

1.3 FLOWRATE
If a25mm filter is used, the flowrate should be selected in the range 0.4 to 2 litresmin such that a volume

of 100 litres + 20 per cent (that is 80-120L) is collected over the desired Single Sample Duration. For a
13mm filter the above flowrates and volumes should be divided by five.
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As a minimum, the flowrate through the filter holder must be checked both before and after sampling. If
the differenceis greater than 10 per cent of theinitid flowrate, the sample must be rejected.

If an externa flowmeter is used to determine the flowrate of the pump, care must be taken to ensure that
the flowmeter does not cause unknown changes to the flowrate. Measurement of the Sampling Train
flowrate using a soap-film flowmeter, with and without the externa flowmeter, is one satisfactory method
of determining any change in flowrate.

The flowmeter used must be able to measure flowrate to an accuracy of +5 per cent of the true flow at
the 90 per cent confidence level. (See Appendix B for flowrate calibration.)

1.4 SINGLE SAMPLE DURATION
To assg in the sdection of flowrate, the following table gives Sngle Sample Durations for various
flowrates at volumes of 80, 100 and 120 litres.

TABLE 1

SINGLE SAMPLE DURATION FOR VARIOUS FLOWRATES

Sample Volume (litres)

FHowrate 80 100 120
L/min minutes

0.4 200 250 300
0.5 160 200 240
1.0 80 100 120
2.0 40 50 60

The following Table is based on a 25mm diameter filter, and shows the lowest caculated concentrations
that would result from the loadings as detailed in section 8.7. See dso section 4 for presentation of
results.
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TABLE 2
LOWEST CALCULATED CONCENTRATION BASED UPON FILTER LOADINGS

Sample Volume (litres)
80 100 120
fibresmL
Minimum Filter Loading
40 fibres/100 graticules 0.24 0.19 0.16
15 fibre/100 graticules 0.09 0.07 0.06
10 fibres/100 graticules 0.06 0.05 0.04
Maximum Filter Loading
1 fibrefgraticule 0.6 0.48 04
2 fibres/greticule 12 0.97 0.8
10 fibres/graticule 6.1 4.8 4.0

NOTE: that by using these procedures, the concept of “optimum’ filter loading™ (usuelly lying in the range
80 to 300 fibres/100 graticule areas) as required by various other methods is not used. However, unlike
these methods, fixing of the sample volume per en of effective filter area overcomes the now well-known
problem where the observed fibre concentration appears to be over-esimated when using the low sample
volumes, and under-estimated with high volumes. %~ 9

The pendty in this gpproach is tha the practica detection limit (gpproximately 10 fibres/100 graticule
areas) resides around 0.05 fibresmL. Sample volumes and minimum practica detection limits have been
designed to alow determination of airborne asbestos dust below the current technica limit for amphibole
ashestos. However the reliability of the method decreases below 0.1 fibres'mL for occupationa samples.
No attempt should be made to reduce the detection limit in occupational environments by
increasing sampling volume.

A second pendty isthat precison suffers at high fibre concentrations (> 5 to 10 fibresmL), which means
that results can only be expressed in broad terms (see section 4). However, this is acceptable because
the results are then clearly in excess of the exposure standard, and the reported results reflect the lack of
precision by using an agppropriate number of Sgnificant digits.

1.5 BLANKS

For each batch of filters used in a specific field sampling exercise or for every twenty-five filtersin the
batch, select one unused filter and subject it to the same trestment of handling and transport as for normal
samples, kut do not draw any air through it, or attach it to the worker. See section 8.6 for details of
blank andyss.

16 SAMPLING RECORD

All data necessary for the determination of the fibre concentration must be recorded, aong with the
sampling details. Furthermore, as much data as available should be recorded for control design and
epidemiologicd sudies. Appendix D gives an example of adust sampling record.
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2. LIMITATIONSOF THE METHOD, AND PRESENTATION OF RESULTS

With the parameters specified in this method, that is, a 100 litre & 20 per cent) sample volume and a
minimum apparent filter loading of 10 fibres per 100 greticule aress, the practica lower detection limit is
gpproximately 0.05 to 0.1 fibresmL. This limit arises because it is generdly accepted that blank, unused
filters can give a reading of severad countable fibres per 100 graticule areas. These “fibres may be
unidentified contaminants on thefilter, or artifacts from the clearing process which have the gppearance of
fibres,

It follows that the above detection limit may not be achieved when any of the above factors interfere with
the counting process.

It must be recognised that neither counting more fields nor increasing sampling duration overcomes the
problem of background dust which has been collected on the filter, especidly when asbestos is a minor
condtituent in the overal dust cloud.

Insufficient information is available to determine a what leve the reiability of the method becomes so
poor that results have little meaning. It isclear that this leve will not be a single vaue, but will be arange
depending at least upon the relative and absolute fibre concentration.  There appears to be generd

agreement amongst those experienced in the field that these limits lie somewhere in the range of 0.05 to
0.5 fibresmL depending on a variety of conditions. In view of this Stuation and the inherent varigbility of
the method, dl calculated vaues should be expressed in the manner detalled in Table 3 on the following

page.
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TABLE 3

REPORTING OF OCCUPATIONAL SAMPLING RESULTS

Calculated Concentratiorn* Reported Concentration
(fibres’mL) (fibres’mL)

() lessthan 0.05 <0.05

() 0.05 to less than 0.10 2 decima places and
1 ggnificant figure

(1 0.10 to less than 5.00 to 1 decimal place and
2 dgnificant figures

(v) 5.00t0 10.0 0 decima place and
1 sgnificant figure

V) greater than 10 > 10

Example:

Calculated Concentration* Reported Concentration
(fibres’mL) (fibres’mL)

() 0.049 <0.05

(n 0.055 0.06

" 0.084 0.08

(1) 0.65 0.7

" 4.74 4.7

(V) 6.34 6

V) 13.42 >10

*NOTE: If the actua count is less than 10 fibres/100 graticule aress, then the count is not significantly
above that of background. The results should be caculated using the minimum practica detection limit of
10 fibres/100 graticule areas and reported as “less than' the caculated \value expressed to 1 significant
figure and no more than the first decimd place.

Exanple

A 100 litre sample with a 25mm diameter filter count of 4 fibres for 100 graticule fields yidded a
caculated concentration of 0.0194 fibresmL. However, because the actud fibre count is below the
detection limit of 10 fibres per 100 graticule aress, the concentration when reca culated using thislimit is<
0.0484 fibresmL. When rounded off as required by the above Table, the result shal be quoted as <
0.05 fibres/mL.
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PART 11

AIR SAMPLING FOR PARAOCCUPATIONAL SITUATIONS

Pat 11 of this method is intended to be used for the fidd sampling of arborne asbestos dust in
paraoccupationd gtuations.  These include sampling in the following Stuations.

outside asbestos stripping and encapsulating areas

indde decontamination rooms

for clearance monitoring after asbestos stripping and encapsulating
ingde buildings or ships which contain asbestos

This type of sampling is often conducted in areas that contain high proportions of non-asbestos fibres or
particles which conform with the geometric requirements of a “fibre' as defined by this method. Many
experienced occupationd hygienists would strongly recommend againg this form of sampling as these
interferences cause severe problems in interpretation.  This is particularly true in Stuations where the
results of the sampling are intended for use in estimating risks to hedlth from suspected environmenta
contamination by arborne ashestos. In such dtuations it is inappropriate to consider that the
results from such monitoring have the same significance in terms of health consequences as
does occupational monitoring outlined in Part 1. This advice is supported by a number of
Augrdiat™ and international documerts.*

Terms such as Paraoccupational Sampling, Satic Samples, Sngle Sample Duration and Total
Sample Duration have particular sgnificance to this method and are defined in the Glossary a the
beginning of this document.

3. STRATEGY FOR PARAOCCUPATIONAL SAMPLING

3.1 GENERAL PRINCIPLES

All sampling must be conducted so that the results are representative of the particular and specified
gtuation being tested. Only Static samples are alowed, and these should be taken over a single sample
duration of not less than one hour (see section 3.3).

In Situations where asbestos is actively being removed or disturbed, dust concentrations may vary widely
both within a sngle day and from day to day, or from place to place. Additiondly, variations in work
procedures produce concentrations which can vary over one or more orders of magnitude. These factors
may influence airborne leves obtained outsde the removd area.

Air sampling outside ashestos remova operations is often carried out to ensure that negligible airborne
ashestosis present. However, some results so obtained can be mideading due to the non-asbestos fibres
which the sampling will detect but not identify. On occasions, air sampling should be used for testing the
reliability of enclosures when they are initidly ingaled. Once it has been established that such enclosures
are contralling dust emissions, the emphasis should be placed on more efficient methods of testing, such as
daly checking of the integrity of the barier and the work practices that are carried out insde the
enclosure. The choice of sampling conditions and interpretation of results should be determined by an
experienced occupationd hygienis.
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Air monitoring in an environment which is representative of norma work activities is acceptable, however
the artificia generation of an unredlistic environment is not acceptable.

The use of air monitoring which is associated with the deliberate creation of artificial
contamination by sweeping, beating, or the blowing of air on to asbestos-containing or
contaminated areas (that is, "aggressive’ air monitoring) must not be employed. Data obtained
under such conditions do not reflect current or future activities and therefore are of no vaue in the
assessment of risk.  Furthermore the practice may result in the transference of contamination from one
pat of a building to another without significantly affecting the measured arborne asbestos fibre
concentration and/or can lead to mideading results due to the disturbance of non-asbestos fibres in the
environment.

It isimportant to understand that air sampling should not be used as a subdtitute for frequent and thorough
ingpections by an occupationd hygienist experienced in asbestos maiters. Careful visud examination will
reved stuaions that are likely to creete future contamination problems. Meticulous cleaning, resulting in
the absence of any visble dust, will generdly lead to acceptably low level contamination which reduces to
less than detectable levels due to the process of normd deaning.

3.2 TOTAL SAMPLE DURATION AND NUMBER OF SAMPLES

Sample duration is influenced primarily by the reason for sampling, the level of fibre concentration to be
measured, the concentration of non-fibrous dust and the requirements of the analytical method. This may
result in more than one single sample being required.

The Total Sample Duration should preferably not be less than four hours. In some Stuations
where urgency may dictate, the Tota Sample Duration may be reduced to a minimum d one hour.
However, it is necessary to ensure that the higher flowrate can be accurately measured and must comply
with the total volume range specified in section 3.3 below.

Section 8.7 details acceptable maximum and minimum loadings of fibres on the filter, which therefore
dictate the range of possible sampling times for different airborne fibre concentrations.

Single samples of short duration (dill within the volume limit of section 3.3) may be necessary if high
background levels of particulate matter or fibres are present which would prevent accurate analysis.
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3.3 FLOWRATE

The flowrate should be sdlected in the range 1 to 8 litresmin such that a volume of 500 litres + 20 per
cent (i.e. 400-600L) is collected over the desred Single Sample Duration. In some Stuations, ambient
levels of arborne dust from other parts of the site may lead to very dense samples which cannot be
counted, or the excess dust may obscure some asbestos fibresin the sample,

Where past experience has shown that this is likely to occur, alower sample volume of 240 litres may be
used. Sample volumes of less than 240 litres are not recommended because of the increased loss of
precison in the results obtained. Under conditions of very low airborne fibre concentrations or when
Single Sample Durations much greeter than four hours are desired, it is permissible to increase the sample
volume to amaximum of 1000 litres.

The flowrate through the filter holder should be checked at least before and after sampling. If the
differenceis greater than 10 per cent from the initia flowrate, the sample must be regjected.

If an externa flowmeter is used to determine the flowrate of the pump, care must be taken to ensure that
the flowmeter does not cause unknown changes to the flowrate. Measurement of the Sampling Train
flowrate using a sogp-film flowmeter, with and without the externd flowmeter, is one satisfactory method
of determining any change in flowrate.

The flowmeter used must be able to measure flowrate to an accuracy of +5 per cent of the true flow at
the 90 per cent confidence level. See Appendix B for flowrate caibration.

34 SINGLE SAMPLE DURATION

To a5 in the sdection of flowrates, the following table gives Single Sample Durations for various
flowrates a volumes of 400, 500 and 600 litres.

TABLE 4

SINGLE SAMPLE DURATIONS FOR VARIOUSFLOWRATES

Sample Volume (litres)
Howrate 400 500 600
L/min minutes
1.0 400 500 600
2.0 200 250 300

8.0 50 63 75
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The following table is based on a 25mm diameter filter, and shows the lowest calculated concentrations
that would result from loadings detailed in section 8.7. See section 4 for presentation of results.

TABLES

LOWEST CALCULATED CONCENTRATIONSFOR VARIOUS FILTER LOADINGS

Sample Volume (litres)
400 500 600
fibresmL
Minimum Filter Loading
40 fibres/100 graticules 0.048 0.039 0.032
15 fibres/100 graticules 0.018 0.015 0.012
10 fibres/100 graticules 0.012 0.010 0.008
Maximum Filter Loading
1 fibreg/graticule 0.12 0.10 0.08
2 fibredgreticule 0.24 0.19 0.16
10 fibres/graticule 1.21 0.97 0.81

Because Pat Il is concerned with gStuations generaly giving rise to very low arborne asbestos
concentrations, the concept of a fixed sample volume/ent of effective filter area as required by Part | is
not possible.  Note that the use of larger sample volumes than specified in Part | leads to a different
estimate of observed fibre concentrations, and should not be compared to present occupationa Exposure
Standards. At bedt, these measurements can only assist people in ensuring dust levels are less than
certain arbitrary limits.

3.5 BLANKS

For each batch of filters used for sampling, or for every twenty-fivefiltersin the batch, sdect one unused
filter and subject it to the same treatment of handling and transport as for norma samples, but do not
draw any air through it, nor attach it to the worker. See section 8.6 for details of blank andyds.

3.6 SAMPLING RECORD

All sampling details and data necessary for the determination of the fibre concentration must be recorded.

Furthermore, as much data as available should be recorded for control design and epidemiologica
studies. Appendix D gives an example of asampling record.
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4. LIMITATIONSOF THE METHOD AND PRESENTATION OF RESULTS

With the parameters specified in section 3, that is, a 500 litres (+ 20 per cent) sample volume and a
minimum fibre loading of 10 fibres/100 graticule aress, the practica lower detection limit is gpproximeately
0.01 fibres/mL.

It is generaly accepted that blank, unused filters can frequently give areading of 1 or 2 countable fibres
per 100 graticule areas. The “fibres may be unidentified contaminants on the filter, or artifacts from the
clearing process which have the gppearance of fibres. Thus the above detection limit may not be
achieved when any of these factors interferes with the counting process.

Because of the inherent variability of the method, especidly at the very low concentration levels treeted by
Part 11 of this method, al caculated values should be expressed in the manner detalled in Table 6 on the
following page. For each sample it is essentid to describe conditions exigting prior to, and during
sampling, as well as the exact pogtion of the static sampler, the area of the location being sampled and
any other rdlevant detalls.
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TABLE6

REPORTING OF PARAOCCUPATIONAL SAMPLING RESULTS

Cadl culated Concentration* Reported Concentration
(fibres’mL) (fibres’mL)
) less than 0.005 <0.01
(D) 0.005 to less than 0.100 to 2 decimal placesand 1
sgnificant figure
(1 0.10to 1.00 to 1 decimal placeand 1
ggnificant figure
(1v) greater than 1.00 >1
Examples.
Calculated Concentration* Reported Concentration
(fibres’mL) (fibres’mL)
() 0.0049 <0.01
()} 0.0054 0.01
" 0.063 0.06
(1) 0.356 0.4
(V) 2.34 >1

*NOTE: If the actua count is less than 10 fibres/100 graticule areas, then the count is not sgnificantly
above that of background. The results should be caculated using the minimum practicad detection limit of
10 fibres/100 graticule areas and reported as “less than' the caculated value expressed to one significant
figure and no more than the second decimd place.

Exanple:

A 400 litre sample with a 25mm diameter filter count of 3 fibres for 100 graticule fields yieded a
caculated concentration of 0.0036 fibressmL. However, because the actua fibre count is below the
detection limit of 10 fibres/100 graticule areas, the concentration when recaculated usng this limit is <
0.0121 fibresmL. When rounded off as required in the above Table, the result shall be quoted as <
0.01 fibres/mL.
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PART 111

LABORATORY TECHNIQUESAND ANALYSIS

The third part of this method details the andytical procedures to be used for both types of sampling as
described in Parts | and I1. For clarity, aspects common to Parts | and 11 (such as sampling equipment)
will beincluded in Part 111.

5. EQUIPMENT
(See Appendix Jfor Specifications)

51 SAMPLING PUMP

A portable battery powered pump must be used for persond sampling. The capacity of the battery must
be aufficient to operate continuoudy over the chosen sampling time.  The pump should be capable of
maintaining the required flowrate with a variation within +10 per cent for the entire sampling duration,
dlowing for increasing filter loads. Pumps with automatic flow control facilities are recommended. The
performance characterigtics of field sampling pumps vary considerably and reference should be made to
experienced |aboratories for selection of pumps for specific sampling applications.

The flow must be sufficiently free from pulsation. As a minimum and tentative criterion there must be no
vighle vibration of a rotameter float if such a flowmeter is connected to the filter holder with the filter
inserted. It may be necessary to ingtall a pulsation damper between the pump and thefilter if an internd
pulsation damper has not been included or if the pump shows significant pulsation.

Connecting tubing must be condriction-proof and the connections leakproof.

Caution: When sampling in explosive gas or dust atmospheres as defined in AS 24307, ensure
that the sampling pump meets the equirements of AS 238079,

5.2 HLTERS

Membrane filters (mixed esters of cdlulose or cdllulose nitrate) of 0.8 micrometre pore size with printed
grids must be used, and a diameter of 25mm is preferred.  Airborne dust should be collected on the
upper (grid) surface of thefilter.

It is acceptable to use 13mm filters and filter holders provided that flowrates and sample volumes are
adjugted to give identical sampling volumes per square centimetre of effective filter area.

53 FILTERHOLDER

It is necessary to use an open faced filter holder fitted with a protective cowl. The cowl helps to protect
thefilter from accidentd contamination. A metallic or conductive coated cowl is preferred because of the
possible risk of fibre loss due to dectrodtatic charge when using plastic cowls. This is epecidly true
when operated under conditions of low relative humidity.
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Filter holders and cowls must be meticuloudy washed with detergent and water and thereafter rinsed
thoroughly. After exposure to high ashestos concentrations it may be necessary to dispose of the holders
and cowls, or only re-use in environments with high dust concentrations where any potentiad contamination
would not have a Sgnificant effect upon results. Filter holderswhich have previousy been used with
fibreglass filters should never be used for asbestos work because of the risk of cross-
contamination.

The design of the filter support utilised in some filter holders requires that a secondary support pad should
be used. The purpose of this support pad is to ensure an even digtribution of air passing through the
primary membrane. These support pads are usualy made of pure cellulose and have a much larger pore
sze than the primary filter upon which the fibres are collected.

5.4 STORAGE AND TRANSPORT

Fixatives must not be used.  Experience has shown that fixing fibres to the filter surface with cytologicd
or other types of fixatives is unnecessary and should be avoided.

Filters should be transported in the closed holders in which the samples were collected.

An dternative is to transfer the filter to a petri dish in the following way. In a dud-free area, usng
forceps, carefully remove each exposed filter from its holder, taking care to grasp only the unexposed
filter edge. Placethefilter, dust Sde up, in aplagtic petri dish or smilar container.  Fasten thefilter to the
bottom of the dish with one or two pieces of adhesve tape attached to the unexposed edge.  After
transportation, the filter can easily be removed from the dish with a surgica scalpel.

The filter holders or petri dishes should be packed into a rigid container with some soft packing materia

to prevent both crushing and vibration of thefilter. Samples should be clearly and unambiguoudy labelled,
taking care to ensure that filters cannot be accidentally re-used. Thefilters should not be marked for this
purpose because of therisk of damaging the filter.
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6. SAMPLE PREPARATION
6.1 CLEANING SLIDESAND EQUIPMENT
Clean conditions should be maintained & dl times A dirty preparation area may result in sample
contamination and erroneous results. Particular care should be taken to ensure that the presence of bulk
asbestos samplesin the [aboratory does not cause contamination.
The dides should be cleaned with lens tissue or industrid paper tissue and laid out on a clean surface such
as a sheet of lens tissue. Each coverdip should be cleaned with lens tissue immediatdly before use to
ensure that the surfaces are free from contamination.
The scapel and forceps should be wiped with lens tissue and placed on a clean surface (for example, lens
tissue). When mounting a series of filters, the mounting tools must be wiped clean before deding with
each sample.
6.2 FILTER SAMPLE CUTTING
If a13mm diameter filter is used, the totd filter must be mounted. It is preferable to mount only one haf of
a 25mm diameter filter. All cutting should be done to give a sngle dean cut, with no disturbance to the
filter face. Either a curved bladed scalpel used with arolling action or a very sharp razor has been found
satisfactory.
6.3 MOUNTING THE SAMPLE
For mounting, use the acetone- Triacetin®* method only, as described in Appendix A.
* glyceral triacetate
WARNING
ACETONE VAPOUR ISHIGHLY FLAMMABLE, AND MOUNTING SHOULD BE CARRIED OUT

WITH ADEQUATE VENTILATION. ON NO OCCASON SHOULD IT BE USED IN THE
VICINITY OF AN OPEN FLAME OR OTHER IGNITION SOURCES
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1. OPTICAL REQUIREMENTS
7.1 MICROSCOPE EQUIPMENT

Microscopes with identical “specifications can give quite different performances; therefore it is necessary
that the performance of proposed and existing microscopes be assessed by means of a "Detection Limit
Test Side' (see Appendix F). It isimportant that experienced practitioners be consulted before selecting
microscopes for ashestos dust determination. It is recommended that the following specification be used
to select amicroscope suitable for ashestos dust counting.

Light Surce - Koehler or pseudo-Koehler illumination is preferred. It is preferable for the
illuminetor to be built-in, but an externd lamp with a plane mirror can be satisfactory. A variable
light intengty control is necessary for both methods of illumination.

Substage Assembly - An Abbe or achromatic phase-contrast condenser incorporated into a
substage unit is required. There must be a means of centering each condenser annulus with respect
to the phase plate in the corresponding objective and a means of focusing the condenser.

Stage - A huilt-in mechanical specimen stage fitted with dide damps and xy displacement is
required.

Objectives - A rotating nose piece fitted with 10X and 40X parfoca phase-contrast achromatic
objectivesisrequired. The 40X objective must have a numerica aperture (NA) of 0.65t0 0.75. It

should have a phase ring of not less than 65 per cent and not greater than 85 per cent absorption.
Either postive or negative phase-contrast is suitable.

Eyepiece - Binocular eyepieces of the compensating type are recommended. They should be
chosen to give a total magnification of between 400X and 650X. At least one eyepiece must
permit insertion of a graticule and should be of the focusing type. The use of body magnification
changers and wide-field 10X eyepieces is not recommended.

Graticule - The graicule for this method is the WaltonBeckett circular eyepiece graticule
(Graticules Limited Type G22). When using the 40X phase objective and an appropriate eyepiece,
the image plane diameter of the graticule circle must be 100 micrometres + 2 micrometres. See
Appendix E for graticule specification, source of supply and ordering informeation.

7.2 MICROSCOPE ACCESSORIES

Congderationsin the salection of microscope accessories,

A Centering Telescope or Bertrand Lens is essentid for checking that the phase rings in the
condenser are centred with respect to those in the objective.

A green or bluefilter may reduce eye fatigue.

The stage micrometer should be from a reputable source, preferably one millimetre in length and
must be subdivided into at least 10 micrometre intervals.

High quality microscope dides should be used.
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The coverdip thickness should be that for which the microscope is designed, usudly 0.17mm
thickness (that is, No. 1 1/2). Incorrect coverdip thickness will detract from the quality of the fina

image.
7.3  MICROSCOPE ADJUSTMENT PRINCIPLES

Microscope adjustments and testing with the Detection Limit Test Side must be part of the daily counting
routine. Follow the manufacturer's ingtruction while observing the following guiddines:

the object for examination must be in focus

the illuminator field iris must be in focus, centred on the sample and opened only to the point where
thefidd of view isilluminated

the image of the light source must be in focus and centred on the condenser iris or annular
digphragm for true Koehler illumination

the phase rings (annular digphragm and phase shifting eements) must be concentric
the eyepiece graticule must bein focus

For more detailed information, see Appendix G.
7.4 EYEPIECE GRATICULE CALIBRATION

Each combination of eyepiece, objective and graticule must be calibrated with a stage micrometer.
Should any of the three be changed, the combination must be recalibrated. For some microscopes,
cdibrations will change for observers with different interoccular distances. (See Appendix E for eyepiece
graticule caibration procedures).

7.5 MICROSCOPE/OBSERVER PERFORMANCE ASSESSMENT

Past experience has shown that differences in counts arise from differences in microscope qudity, setting
up and cleanliness. It is therefore necessary that laboratories following this method should maintain
contact with experienced |aboratories.

As mentioned in section 7.1, a Detection Limit Test Slide is available which will assg in the regular
assessment of microscope and observer performance.  If Block 5 on the Detection Limit Test Side
(Mark 2) cannot be distinguished, the microscope (or observer) is not suitable for work with this method
and should not be used until this deficiency has been investigated and corrected. Block 7 should not be
resolved.
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8. COUNTING AND SIZING FIBRES
8.1 GENERAL

Airborne asbestos dust collected on membrane filters gppears in a wide variety of forms ranging from
ample single fibres to very complex configurations of fibres or aggregates. When presented with these,
the microscopist may experience difficulty in defining and counting the fibre content in a dust sample. The
following notes (and drawings in Appendix H) have been prepared to assist and guide the observer in
assessment and interpretation of asbestos dusts collected on membrane filters. 1t must be recognised that
the use of this method has limitations when gpplied to samples containing plate-like or acicular particles
(for example, talc, gypsum and certain other mineras and fibres), and consequently should not be
implemented without a full quditative understanding of the sample.

8.2 LOW POWER SCANNING

With atotal magnification of 100X to 150X (that is, 10X objective), scan the entire filter area.

The margin normaly covered by the filter holder should be free of dust and fibres. All viewing fields
should have smilar gppearances with respect to totd dust loading. If the observed fields show marked
differencesin loading, or gross aggregation of fibres or dust, the filter must be rejected.

At least hdf of the mounted filter area must be countable, otherwise it must be regected.

8.3 GRATICULE FIELD SELECTION

After a satisfactory low power scan, change the microscope objective to 40X phase contrast and focus
on the dust plane.

Ensure that the phase rings remain concentric. While mogt of the fibres and dust will be found on the
upper surface of filter, it will be necessary to focus below (up to 10 micrometres) and dightly above the
surface.

When counting and sizing, congtant use of the fine focus is necessary because of the small depth of field of
a40X objective (that is, 2 to 3 micrometres).

Counting fields should be examined throughout the entire area of the filter or filter segments ensuring that
the choice is not biased by the lack or presence of fibres. If the grid of a filter obstructs the view, move
the stage to another field. Do not count fields thet lie within 3mm of the filter edge and within 2mm of the
cutting line.

8.4 LABORATORY WORKING CONDITIONS

The working environment in a laboratory may systematically influence the accuracy of the actua counting.
Subjective factors such as lighting, seating and noise should be suitable for the task.
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8.5 COUNTING CRITERIA

85.1  Accuracy for determining fibre length and diameter is critica, and full use must be made of
the eyepiece graticule. Estimate the length of curved fibres dong the curve of the fibre
(thet is, true length).

85.2 A countable fibre is defined as any object having a maximum width less than 3
micrometres and a length greater than 5 micrometres and a length/width ratio grester than
3:1, and which does not gppear to touch any particle with a maximum dimension greeter
than 3 micrometres. A countable fibre with both ends within the graticule area shal count
as one fibre; a countable fibre with only one end within the area shdl count as hdf afibre;
afibre with both ends outside the area must not be counted.

8.5.3  Graticuleareasfor counting shal be examined asin section 8.3 above.

854  An agglomerate of fibres, which a one or more points on its length appears to be solid
and undivided but which at other points gppears to divide into separate strands, is known
as a ylit fibre.  Any other agglomerate in which fibres touch or cross one another is
known as a bundle.

85.5 A gt fibre is regarded as a sngle countable fibre if it meets the definition in 8.5.2, the
width being measured across the undivided part, not the split part.

8.5.6  Fbres in a bundle are counted individudly if they can be disinguished sufficiently to
determine that they meet the definition in 85.2.  If no individud fibres meeting the
definition can be distinguished, the bundle is a countable fibre if the bundle as a whole
meets the definition in 8.5.2.

8.5.7  If more than one-eighth of a graticule area is covered by an agglomerate of fibres and/or
particles, the graticule area must be regjected and another counted.

858 Count as may fields as is necessary to yield a total fibre count of 100 but count a
minimum of 20 fields even if more than 100 fibres are counted. Do not count any more
than 100 fieldsif atotal of 100 fibresis not reached.

8.5.9  All rdevant information musgt be recorded. It is good practice to record each field and
fibreasit isobsarved. (See Appendix | for an example of afibre counting form.)

8.6 BLANKS

Parts| and Il require that blank filters be used. If any "blank’ yields fibre counts greater than 3 fibres/100
graticule aress, the entire sampling and andytica procedure should be examined carefully to find the cause
of the contamination. When the blank count exceeds 3 fibres/100 graticule aress, and also exceeds 10
per cent of the actud sample fibre count/100 graticule aress, the samples to which the particular blank is
appropriate should be rejected.

It is prudent to check each batch of filters to ensure that blank levels of new filters are not excessve.

For example, if the fibre count of a blank filter was 4 fibres/100 graticule areas (that is, 0.04 fibres/area)
while the sample yielded 15 fibresin 100 graticule areas (that is, 0.15 fibres/graticule areq).



Blank Count =4 X 100 = 27%
Sample Count 15

Asthisratio exceeds 10 per cent, the sample is rg ected. Furthermore, because the blank count exceeded
3 fibres/graticule area the cause of contamination must be found and corrected.

8.7 ACCEPTABLE FIBRE LOADINGSON FILTERS
8.7.1 Minimum loading

For reliable counting, a fibre loading of a filter should exceed 40 fibre100 Walton Beckett
grdticule areas.  In specid circumstances (for example, when an indication of concentration with
low precison is acceptable) it is permissible to lower the acceptable fibre loading to 10 fibres’100
Walton Beckett graticule aress.

If lessthan 10 fibres/100 graticule areas is observed, then the figure of 10 fibres/100 graticule areas
isthe minimum that can be used to caculate airborne fibre concentration.

The lowering of the acceptable fibre loading to 10 fibres/100 graticule areas gives, at best, barely
acceptable coefficients of variation. The limitations as described in Part IV should dso be
consdered when measuring very low fibre concentrations.

Note that a sample count of 10 fibres/100 WaltonBeckett graticule areas can just be distinguished
from the background "blank’ count of 2 fibres/100 graticule aress for typicd sampling/anaytica
coefficients of variation of 0.6 to 0.8. For this reason, it is mandatory to ensure that blank counts
are not greater than 2 fibres/100 graticule areas before accepting 10 fibres/100 graticule areas as a
minimum loading.

8.7.2 Maximum loading

Experience shows that the filter loading should not exceed a maximum of 5 fibres/graticule area
(average value for dl counted fields) for the mgority of sampling Stuations. This may need to be
reduced to an average of about 1 fibre per graticule area when mixed dusts or agglomerates are
present, and can sometimes be doubled when only fibres are present. Average filter loadings
between 5 and 10 fibres/graticule area tend to result in an under-estimation, and should be treated
with caution. Average filter loadings exceeding 10 fibres/graticule area should be rejected.
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8.8 CALCULATION OF DUST CONCENTRATION

When the following caculations are gpplied, the limitation imposed upon the data by the sampling and
fibre counting methods must not be disregarded. Results should not be interpreted or reported with false
precison.

8.8.1 Single values

The fibre concentration for each Single Sample Duration is determined according to the following
formula

o >

N.1.
nr

—~+ =
—_
N

C=

where: concentration (fibres/mL)

effective filter area (mn)

eyepiece graticule area (mn?) (see Appendix E)
total number of fibres counted

number of graticule areas observed

flowrate of ar through filter (mL/min)

Single Sample Duration (minutes)

Z9 >0
non

r—i-ﬁ:

Results should be presented in the manner detailed in either sections 2 or 4.
8.8.2 Time-weighted aver age values

When severd consecutive samples of different sampling duration are taken, cdculate the time-weighted
average vaues from the single vaues as follows:

Eci.ti Citj + Coto + ... + Cptp )
CTW WE L Y aee e i
2t i +ty +..+tg
where Grw = time weighted average concentration (fibres/mL)
(o = single vaue of concentration (fibres'mL)
f; = Single Sample Duration (minutes)
t; = Tota Sample Duration (minutes)
n = tota number of samples

If the Single Sample Durations (t;) referred to above are of equal duration, then equation 2 issmplified as
follows.

n n
Results should be presented in the manner detailed in either sections 2 or 4.
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Q. QUALITY CONTROL®

A good quality control procedure is essential because of the large differences in results obtained both
within and between laboratories usng adl manud fibre-counting methods. L aboratories using the method
must participate in systematic checks to assess inter-laboratory variation. It is important to provide a
measure of the reproducibility and stability of a laboratory's performance in relation to other laboratories
and to an automatic method. These exchanges should be supplemented by checks of internd consstency,
which should am to measure the mean and reproducibility of each counter's difference from the average
of the laboratory. It isunsatisfactory for a counter to have an average result equal to the laboratory mean
if that counter's average performance concedls considerable variation from sample to sample.

In alarge laboratory, a satisfactory procedure isto have al the counters recount a specified fraction of the
routine dides. The fraction should be chosen to provide aquality control sample about once aweek, and
to ensure that these dides are fully representative of the laboratory's routine samples.  For example, a
laboratory counting 5000 samples a year could sdect every hundredth filter (whatever its type) for
recounting by al of its counters, and could keep a running check of the mean and standard deviation of
each individud's difference from the laboratory mean.

A laboratory with only one or two counters would have to maintain a stock of permanently mounted and
wdl-characterised dides for periodic check counting, and could again caculate the mean and standard
deviation of the countsin relation to those accepted for the stock dides.

Systemattic records of quality control results should be kept and regularly examined to assess individud

counter and overd| laboratory performance. It should be remembered that, in common with monitoring
for other particulates, errors will be introduced in sampling.

125



126



PART IV

SAMPLING AND ANALYTICAL ERRORS

The estimation of airborne asbestos dust comprises sampling and andytica errors, each of which has a
systematic and random component. These can be minimised by drict adherence to the method and by

participating in intra and inter-laboratory Quality Assurance schemes. The following list describes some
of the common sources of eror.

10. SOURCESOF ERROR
Some common sources of error are listed below:
10.1 SYSTEMATIC ERRORS
10.1.1 Sampling
flowrate
sampling time
non-representative or biased sampling
contamination - deliberate or accidental
10.1.2 Analytical
effectivefilter area
counting area
filter mounting
microscope
observer
contamination
10.2 RANDOM ERRORS
10.2.1 Sampling

flowrate variability
random fluctuations of the airborne dust cloud

10.2.2 Analytical
fibre didribution on the filter: non-random depostion of dust on the filter leads to gross
errors, the magnitude of which cannot be estimated. Twenty or more fields must be counted

to ensure that minor divergence from randomness does not bias the result

Poisson error
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Asonly asmal proportion of the fibres deposited on the filter are counted, errors arise in the estimation of
the tota number of fibres on the entire filter surface. Theoreticaly, the Poisson Didribution defines the
vaiaion in fibre counts resulting from the viewing ofrandomly sdlected counting fields on the filter. If a
minimum of 100 fibres is counted, and if a Poisson Distribution were gppropriate to the counting results,
the coefficient of variation of the fibre counts would not exceed 10 per cent.

The Poisson error is the minimum inherent error of the Membrane Filter Method and in many other
practical Situations such as particle “counting', eectron microscope methods and blood counts.
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11. OVERALL ACCURACY

Because of the nature of the Membrane Filter Method, it is not possible to know the “true' airborne fibre
concentration of a given dust cloud. For this reason it is not possible to assess the likely accuracy of the
method. Even the precison (or repeatability) of the method is difficult to quantify because of sysematic
errors which tend to arise both within and between laboratories. Taken as a whole, by “randomly’
selecting observers and laboratories, these systematic errors take on a random nature such that it may be
possible in the future to provide estimates of empirica precison (thet is the closest approach possibleto a
gtatement of accuracy for amethod with known “true' vaues).

Much work has been done in an atempt to arrive at these estimates, and to date only a partiad conclusion
has been reeched. Examples of confidence intervas caculated from the Poisson Didribution are
presented in Table 7 below:

TABLE 7

THEORETICAL CONFIDENCE INTERVAL FOR RESULTSUSING POISSON

DISTRIBUTION
NUMBER OF FIBRES COUNTED 95% CONFIDENCE INTERVAL FORRESULT
PER 100 GRATICULE AREAS
100 +20% of the calculated result
40 -26% to +36% of the calculated result
10 -50% to +84% of the calculated

result (thet is, the true result may bein the
range of 50-184% of the caculated result)

Confidence limits apply © the measured result and not the fina reported result, which is a rounded- off
representation of the measured result.  Other sources of random and systematic errors add significantly to
the uncertainty in estimating the airborne asbestos dust concentration, and these have been known to
increase the above confidence intervals by up to afactor of 2 or 3. Tables 8 and 9 present the findings
of empirica studies™ in the United States into the precision of the Membrane Filter Method in estimating
airborne asbestos concentrations. There is no reason to assume that this variability would not be reflected
in Augrdia
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TABLE 8

COEFFICIENTSOF VARIATIONS FOR EXPERIENCED LABORATORIES

Total No. of Cosfficients of Vaiaions*

Fibres Counted Andytica Only Sampling & Andyticd
10 0.60 0.90
15 0.55 0.80
40 0.45 0.70
100 0.40 0.65

* The Coefficient of Variation (CV) is caculated by dividing the standard deviation by the arithmetical
average of a set of fibre concentrations determined with a number of observers estimating the dust
concentration of a specific dust cloud or of asinglefilter.

TABLE9

90% CONFIDENCE LIMITSDERIVED FROM EMPIRICAL STUDIES (19)

Total No. of Analytical Sampling & Analytica
Fibres Counted LCL UCL LCL UCL
10 3 21 2 26
15 6 31 4 37
40 18 74 12 93
100 49 175 31 222

LCL = Lower Confidence Limit
UCL = Upper Confidence Limit

At the lowest count alowed by this method of 10 fibres/100 graticule areas, experience indicates that the
inherent variability of the combined sampling/anaytica process can yield ‘red’ vaues as low as 2 and as
high as 26 fibres/100 graticule areas. Precison increases as the count becomes higher. However,
observing sgnificantly more than 100 graticule areas in an attempt to improve precision often resultsin no
rea gain due to operator fatigue and other subjective errors.
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APPENDIX A

ACETONE-TRIACETIN MOUNTING PROCEDURE

There are various methods available for generating acetone vapour to “clear' membrane filters.  The
origind NH&MRC Membrane Filter Method® employed a flask of acetone heated on a hot plate, water
bath or infra-red lamp. An increasing number of Audrdian laboratories have now adopted the "hot-
block' method.® This method uses a heated metd block in which a smal amount of acetone is rapidly
vapourised and directed on to the filter. This has certain advantages in terms of filter preparation and
safety. The NH& MRC paper® should be referred to for constructional details, bearing in mind that for
added safety it is wise to use a low voltage source of power (for example, 12V) and not 240V mains
eectricity.

An dternative method recommended by the (UK) Hedth and Safety Executive® consists of a boiling
acetone reservoir with a condensing coil to prevent acetone escape. In this method, temperature control
is reasonably critica and the larger quantity of acetone poses a potentia fire hazard. Other methods are
described in Appendix A of the AIA RTM 1 document.® However, these are not recommended because
they are not as inherently safe as the "hot block’ method and generdly do not clear filters as effectively.

After acetone clearing, the cleared filter should be left to stabilise for &t least five minutes. Theresfter, the
dide and its adhering filter is treated, using the following technique:

Lay a freshly cleaned coverdip on a clean horizonta surface and using a variable digpenser cgpable of
consgently delivering a quantity between 510uL (for hdf of a 25mm dia. filter) of glyceral triacetate
(Triacetin) on the coverdip. Lower the aready (acetone) cleared filter on to the coverdip and alow the
weight of the dide to spread the Triacetin evenly. See Figure 1.

Too much Triacetin (asindicated by excess liquid emerging from the edges of the coverdip) can causethe
outsde edge of the filter to eventudly disntegrate to some degree.  Insufficient Triacetin will result in
uneven dearing of the granularity |eft from the acetone vapour clearing. Further, the refractive index of the
mounted sample will not be suitable for optimum vishility of very fine chrysotile fibres.

FIGURE 1

7T 7T

Heeting the cleared filter to gpproximately 50°C for fifteen minutes accelerates the clearing process and
enables andysis to proceed dmost immediately thereafter. Otherwise it is necessary to delay counting for
up to twenty-four hours until the entire filter has dissolved under the action of the Triacetin. Provided the
above procedures are followed, the finished product will be stable, will not disintegrate, nor be subject to
sgnificant particle migration.

It is degirable to paint nail polish, or smilar lacquer, around the edge of the coverdip if the dide isto be
kept indefinitely.
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APPENDIX B

FLOWRATE CALIBRATION AND CORRECTIONS

FOR FLOWRATES0.4 - 20 L/min

Internal and externd flowmeters must be cdibrated with a primary cdlibration device. One suitable
cdibration procedure makes use of a soap film flowmeter. The flowmeters described in this section are of
the variable areatype (that is, "rotameters).

1.

8.

0.

Choose an accurate burette (or smilar measuring device) of 300-500 mL capacity. Attach atube
to the bottom of the burette, and then clamp it in an inverted vertica postion in astand.

Set up the sampling pump, dlow flow to stabilise, complete with connecting tube, filter holder and
filter asused in the fidd.

Connect the sogp film flowmeter.  Ensure that the system is leekproof. It is advisable to rinse the
burette thoroughly in water immediately prior to the test - this removes accumulated detergent and
aso assgtsin wetting the inside of the burette.

Switch on the pump, dlow the flow to stabilise and adjust the flowrate to the nomina desired figure
according to the internd flowmeter (if fitted).

Partly fill a besker or petri dish with water plus the minimum amount of detergent necessary to
permit bubbles to be formed.

By momentarily placing the begker againg the bottom of the sogp film flowmeter, create a bubble
such that it will travel the entire length of the burette without burgting.

With a stop watch, measure accurately the time that the bubble requires to traverse the tube
between the appropriate graduated marks.

Repesat steps 6 and 7 at least twice, or more, until good repeatability of the timesis achieved.

Average the times and caculate the true flow (Q.) as follows:

NOTE: Theoreticdly, the water vapour content in the sogp film flowmeter air should be taken into
consderation in determining the “true' flowrate. However, for practical purposes acceptable accuracy is

maintained without this correction.
Q.=V where Qc = true volumetric flowrate (mL/min)
T a cdibration conditions
\% = volume of burette (mL)
T = average time required for bubble to

traverse the tube (minutes)
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10. If theexternd or interna rotameter is used under different temperature conditions than those during
cdibration, it is generdly not possible to caculate the different flowrate that will inevitably resuilt.

As dl ar sampling measurements are concerned only with volumetric flowrate (that is flowrate measured
and expressed at the prevalling temperature and pressure) and not mass flowrate (that is flowrae
corrected to standard temperature and pressure conditions), recalibration of the pump flowrate is essential
if it is operated under conditions subgtantidly different to those of cdibration. "Subgantid’ implies a
difference in dtitude or temperature by more than 500m or 15°C respectively compared to the calibration
conditions.

EXAMPLE:

During the cdibration of a pump with an interna flowmeter a sogp film flowmeter of 500mL volume gave
an average of 31.7 seconds for the bubble to traverse itslength.

What is the flowrate under these conditions?
Using the equation in this Appendix:

Q=V = 3500 = %6mlL/min
T 31.7/60

The flowrate, under the temperature and pressure conditions as stated above, was 946 mL/min.
(I  FOR FLOWRATES EXCEEDING 2.0 L/min

If an accurate burette of 1,000mL capacity is chosen, then flowrates up to gpproximately 4 L/min can be
cdibrated. However, it is not acceptable to manudly time the passage of the bubble if the time interva
over the measured volume is less than 15 seconds. It is not acceptable to use a soap film flowmeter of
capacity exceeding 1 litre. Photocell activated electronic timers can be used if it is proven that no added
artifacts are introduced which can cause inaccuracy. At high flowrates, pressure drops across restrictions
in the cdlibration train may cause further inaccuracies, and must be taken into account.

If secondary standard flowmeters (for example, rotameters) are used, it is imperative that they be

regularly cdibrated againgt a suitable primary standard, giving due consideration for pressure drop and
pulsation problems,
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APPENDIX C

MEASUREMENT OF EFFECTIVE FILTER AREA

One convenient way in which to determine the area of the dust deposit (that is, the effective filter area) is

asfollows

1. Placeasmal quantity of dark coloured dust (for example, carbon, cement or road dust) into a2 to
5-litre container with alid.

2. Shake the container, remove the lid and draw ar through a membrane filter and its holder until the
arborne dust in the container forms an obvious visible depost on the filter.

3. Remove the filter from the holder, and mount on to a microscope dide in the norma manner as
described in Appendix A.

4. Measure a least two and preferably four different diameters of the resultant dust spot to within +
0.2mm. Among other methods, microprojection measurement, or the use of microscope object
stage verniers have been found satisfactory.

5. Provided that the measured diameters of thefilter differ by no more than 1mm, asmple arithmetica
average is sufficient to provide a good estimate of the effective filter diameter.

6. At least three individua filters must be prepared and measured as described above to give
assurance that the findl caculated arealis sufficiently accurate.

7.  Provided that the three individud filter diameters differ by no more than 1mm, an arithmetica
average should be taken and the area cdculated in the usua manner. This aea is then the
Effective Filter Areato be used for caculationsin this method.

8.  If eps5 or 7 produce differences greater than 1mm, close attention should be paid to the sampling
of the dust or to the filter clearing technique.

9. Itisnecessary to repeat the measurement of the effective filter areaif the type of filter or holder, or
if any agpect relaing to filter clearing, is changed.

10. It is advisable to repest the entire measurement procedure every twelve months to ensure that the

correct effective filter areais known.
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APPENDIX D
DUST SAMPLING RECORD
(Example Only)

All data necessary for the determination of the fibre concentration must be recorded in a sampling record.
Furthermore, as much data as available should be recorded for control design and epidemiologica
Sudies.

SAMPLING DETAILS
indrument type and number
flowrate (initid, intermediate and find)
duration
sampling strategy used
date, hour
sampled by

SAMPLING ENVIRONMENT DETAILS
designation: (job title and work location)
harmful substances: (for example, types of asbestos.)
brief description of working process
variable parameters which can exercise an influence on dugt formation

work practices: (if applicable)
- working conditions. (normd, abnorma)
- materid: (for example, type, Sze, condition)
- arflow: (worker in dug arflow - yesno
obvious influence on adjoining working places)

methods of dust control: (if applicable)

- exhaud ventilaion

- other methods

- visud impresson

number of employees for which the measuring value is representative
persona protection (yes'no) type

hours per shift

days per week
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APPENDIX E

SPECIFICATIONS FOR EYEPIECE GRATICULE AND CALIBRATION

PART 1: SPECIFICATIONS OF EYEPIECE GRATICULE, ORDERING INFORMATION AND
CALIBRATION

The Walton-Beckett graticule described in this method is available from:

GRATICULESLIMITED
SOVEREIGN WAY

BOTANY TRADING ESTATE
TONBRIDGE

KENT

ENGLAND

TN9 1RN.

A technica description of this graticule can be found in a paper in the Annas of Occupationa Hygiene®?

The desired diameter (d) of the circle to appear as 100 + 2 micrometres in the image plane (D) and the
overdl diameter of the glass disc should both be specified in millimetres when ordering. The graticule can
be referred to by the Graticules Ltd Reference No.G22.

FIGURE 2

Walton-Beckett graticule for
evaluating fibrous dusts

139



The following procedure is one of severd methods for determining the diameter (d) of the circular

counting area:

1. Insert any available graticule into the eyepiece and focus S0 that the graticule grid is sharply in focus.

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so
that the "tube length (and thus magnification) remains congtant.

3. Ensure that the 40 phase objective is in place, and that the magnification changer position (if used)
is known and recorded.

4.  Place a stage micrometer on the microscope object stage and focus the microscope on to the
graduated lines.

5. Measurethe overal object length () of the graticule grid, usng the stage micrometer.

6. Remove the graticule from the microscope and measure its actud overdl grid length (I;). Thiscan
be done by using a stage fitted with verniers.

7.  Usethe following equation:

diameter to be specified (d) = (1/1,). D

It isaso necessary to specify the overal diameter of the glass disc as detailed by each
microscope manufacturer.

EXAMPLE:

Step 5 produced an object length of a Porton graticule of 108 micrometres
Step 6 produced an actua length of 4.50mm
Sep 7: 4.50 x 0.1 =4.17 mm

0.108

For this example, the graticule diameter was found to be 17mm. Thus a 17mm diameter, Type
G22 Waton-Beckett graticule of circle diameter 4.17mm, should be specified for the above
example.

To expedite manufacture of “made to order’ graticules so as to avoid delay and keep down prices,
graticules should be ordered in bulk if a al possble In most cases individud invoices and
deliveries can be arranged on asingle bulk order if requested.
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PART 2. CALIBRATION OF EYEPIECE GRATICULES

1.

o > WD

Obtain a stage micrometer, preferably with a scale having two or ten micrometre divisons, and
place on the object stage of the microscope.

Make sure interpupillary distance of eyepiecesis set correctly.
Note the objective magnification and any intermediate magnification used.
Focus the microscope on to the graduated marks of the stage micrometer.

Line up the eyepiece graticule with the graduated divisions on the micrometer so that the number of
whole micrometer divisons can be counted from one Side of the eyepiece graticule graduations to
the other.

If less than awhole divison remains, estimate this fraction to the nearest micrometre and add to the
number of whole divisons of the stage micrometer after converting to micrometres.

Thistotaled result is the projected or object dimension of the eyepiece graticule.

EXAMPLE:

1.
2.

A stage micrometer with ten micrometre divisons was placed on the stage of a microscope.

The following diagram depicts the view of the superimposed eyepiece graticule and stage
micrometer.

FIGURE 3

Note that 10 whole divisons span across the graticule (that is 10 x 10 micrometres).

The remainder of the 11th divison is esimated as being one-third of awhole divison (that is, three
micrometres).

Adding these together yields 103 micrometres, which is the object dimension of the eyepiece
greicule.

Note that if the interpupillary distance, objective, intermediate magnification, or even in some

microscopes the eyepiece is changed, then this usudly changes the object dimenson of the
eyepiece graticule, thus necessitating recalibration.
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APPENDIX F

DETECTION LIMIT TEST SLIDE

The recommended HSE/NPL Detection Limit Test Side (Mark 1) for use in Phase Contrast Microscopy
isavalable from:

PTR OPTICS

UNIT D9

CROSS GREEN APPROACH

CROSS GREEN INDUSTRIAL ESTATE
LEEDS

YORKSHIRE

UNITED KINGDOM

DESCRIPTION

The standard test dides condst of epoxy replicas of a Master Side produced and certified by the
Nationa Physical Laboratory (UK). The replicas are mounted on a 75 x 25mm glass dide which is either
1.2 or 0.8mmthick. Thedideis covered by acoverdip 0.17mm thick with alayer of another resn with a
different refractive index in betweem.

The test objects consst of a series of seven blocks of grooves of length 8.5mm filled with a resn of
refractive index 1.58 in a medium of refractive index 1.485. The grooves have a V-shape profile and
have a depth-to-width ratio of about 0.1. The blocks are separated by gaps 20 micrometreswide. A set
of four degp marker grooves is placed on ether sde of the array and a further two sets of two marker
grooves spaced at an interval of 120 micrometres intersect the array at right angles. The zone of the test
objects to be used is ddlineated by the rectangle bounded by these marker grooves. This zone can easily
be located, as the fidd of view in which it is found is engraved on the coverdip. Thisis illusrated in
Figure 4.

The widths of the grooves within each block and the caculated phase change (in degrees) associated with
the maximum peth difference in the light rays passing through the test objects are in Table 10.

METHOD OF USE

Set up the microscope for phase contrast microscopy as recommended for the membrane filter method.
Locate Block 1 (the coarsest set) of the test objects and move the dide to observe adjacent blocks.
Determine the block of the finest grooves that can be seen. It is unlikely that al seven blocks of grooves
will be detected using optical phase contrast techniques, even on the best research microscope. On the
badis of present informeation, a satisfactory system will detect Block 5.

Full details are supplied with the dide.
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TABLE 10

WIDTHS OF TEST OBJECTSAND CALCULATED MAXIMUM PHASE
CHANGE INDUCED IN LIGHT RAYSPASSING THROUGH TEST OBJECTS OF
HSE/NPL TEST SLIDE

Block Number Groove Width Maximum Calculated Phase
(micrometres) Change
(in degrees) for light rays*

1 1.08 6.6
2 0.77 4.7
3 0.64 3.9
4 0.53 3.2
5 0.44 2.7
6 0.36 2.2
7 0.25 1.5

*wavelength = 530 nanometres passing through test objects.

FIGURE 4
HSE/NPL Test slide for
phase contrast microscopy
Test slide (76 x 25mm)

epoxy resin
replica
+ cover slip

Enlarged field of view
20 lines per block
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APPENDIX G

MICROSCOPE ADJUSTMENT PROCEDURE

Good quality phase contrast microscope equipment should be used as detailed in section 7.2.  The
equipment should be maintained in fird-class condition.  Most manufacturers operate a routine
maintenance service which includes the stripping down and cleaning of dl optica components and the
replacement of worn traverse mechanisms.  Such services should be used unless skilled maintenance
services can be provided by counting-laboratory staff.

In generd, the following setting-up procedure should be adopted to obtain Koehler illumination and good
phase contrast conditions. The detail may vary according to manufacturer's instructions and the type of
equipment.

1
2.

10.
11.

Place membrane filter specimen dide on microscope stage.

Open both the illuminator digphragm (often referred to as the field iris) and the substage condenser
digphragm. (Note: a this stage the phase annuli should not be inserted. These are usudly
based in arotating drum fitted into the substage condenser unit.)

Raise condenser to its upper limit, usudly within 2mm of lower face of specimen dide.
Using a convenient leve of illumination and 10x objective, focus the specimen.

Close down the illuminator digphragm and focus this in the field of view by lowering and raising the
condenser. Centre the digphragm and re-open to fill thefield of view.

Observe the back foca plane of the objective, using either a Bertrand lens fitted to the body of the
microscope or by removing the eyepiece and using an auxiliary telescope.

Obsarve the image of the bulb (removing the diffusing disc if one is fitted) and centre the bulb
filament, focusing the bulb if possble with the adjustment provided. Theimage of the bulb filament
should fill the back foca plane of the objective. Re-insert the diffusing disc if gppropriate. (Note: if
the bulb cannot be focused, adjust to give uniform bright illumination.)

Insert the correct phase annulus into the condenser system and centre this, using the appropriate
adjusting screws <0 that the phase plate in the objective and the image of the annulus coincide
exactly. Sightly adjust the condenser focusing if this is necessary. Ensure that the bright annulus
image does not extend beyond the phase ring.

Revert to normd viewing and change to 40x objective with no phase annuli in the condenser
system. Close down the field digphragm and re-focus this by appropriate adjustment of the
condenser. Re-centre if necessary and re-open tofill fidd of view.

Repeat stages 6 and 8 after inserting the phase annulus appropriate to the 40x objective.
Revert to norma viewing.
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NOTE:

APPENDIX H

DRAWINGS OF VARIOUS ASBESTOS FIBRES

All drawings are the same scale (Imm represents one micrometre). The number
in the right bottom corner of each drawing indicates the number of fibres (as
defined) counted.

SINGLE FIBRES. These are the amplest of the fibres to identify and count. They are
also the most mmmon measurable fibres seen on the membrane filter. Amoste and
crocidolite fibres generdly assume a straight needle-like form.  Chrysotile fibres, while
sometimes draight, often assume a curved or curly outline.  Fibres which gppear irregular
and perhaps “unfibre-like are counted if they conform to the basic requirements of fibre
definition.

FIGURE 5
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SPLIT FIBRES: These gppear generdly as afibre or fibres splitting away from asingle sem.

FIGURE 6
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GROUPED FIBRES: These are formed when fibres overlap, intertwine or pack together. The smplest
form is when two fibres overlap and cross each other.  In this case, each fibre in the group appears as a

discrete entity.  In more complex form, fibres lie nearly pardld and appear to originate from the same
bundle.

FIGURE 7
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FIBRES WITH OTHER PARTICLES: This group conssts of fibres attached to, or embedded in,
particulate matter. For example, this latter materia could be parent asbestos rock, or resins, cement,
slicates used in manufactured products.  Under the microscope some fibres, especialy chrysotile, appear
to project from the particulate matter with only part of the fibre seen. Other fibres (often amosite) are seen
as embedded in the particulate matter.

FIGURE 8
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APPENDIX |

EXAMPLE OF FIBRE COUNTING RECORD
Date

Pump No.

Filter No.

__________________________________________ Flow

Additional Remarks Time off

__________________________________________ Time on

__________________________________________ Total time

Sampla taken by

LAB USE ONLY
1 2 3 4 &5 6 ¥ 8 48 10 11 12 13 14 15 168 17 18 19 20 TOTAL

_F!"_n r
e ey RS R B S ety SRt TR R DS TP Matel cEU SIS [P PR (U NN SN E .
Tctal ]
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40
Fibres
Far Fiald U [CTRTSWL (ST [EUUR [OUEEY \NETVTT) MRTOI ST Mirl WIS perveey
AECum 1= r--rere-<-t1- -=re-re-r--=-
Tonal
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 B3 @O
Fibres
Pai Fiaid
hct-d_m i s ks ettt et el ot et bl Eaals el el tE I TR U™ ey s = e e e e we e -
Tatal
61 62 63 G4 65 B6 67 BB B9 70 71 72 73 74 785 T8 I7 TR 79 @0
Fioras
Far Fiald T T Ty
AncJa"; Bl B Bl O R P bty Bl S ol il it L Bl IR R R R L
Total
61 B2 B3 684 B5 B6 87 88 BS 90 ©1 S2 83 94 95 9 OF 98 463 100
Fiores
Fer Fwid Y A N DR W A AU SN NN DR S N N S I N RN N S .
Il:r::

Scanner's remarks

A simplified formula for calculaling dust concentration is:
Dust concentration G - 1000 x MNg.offibres  eHective filter diameter{mm) squared 1
N, of fields graticule diameter{pm) squared volumel L)
L 1 J 1
C = 1000 x 4 bt
[ 1 1 ] L _
o T
Sample analysed by Data / / | Checked
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APPENDIX J
SPECIFICATIONSFOR FILTERS, FILTER HOLDERS AND PUMPS
(1) FILTERS

Membrane filter (mixed ester cdlulose or cdlulose nitrate), 13 or 25mm diameter, pore size 0.8um,
with grid. Some manufacturersincude:

Gelman Sciences Inc., Type GN4 (gridded)
Nuclepore cellulosic white gridded
Millipore Corp., Type MF (gridded)
Sartorius, mixed cellulose esters

(2) SUPPORT PADS

Millipore Corp
Nuclepore Corp

(3 FILTER HOLDER AND COWL
Some cowls are supplied with an end piece which has a smal opening of gpproximately 3-4mmin
dianeter. These end pieces must be removed during sampling such that a large opening
gpproximately the Sze of the effective filter arealis used.

()] Filter Holder, 25mm diameter.

Supplier:
Gelman Sciences Inc., Product No. 1107

A cowl must be used with the Gelman Filter Holder. If cowls are not available directly
from Gelman, figures 9 and 10 give details of dternative cowls that can be made to order.

FIGURE 9 FIGURE 10

-l . . _06-88
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(4)

Filter Holder (monitor), 25mm diameter.
Supplier: Nuclepore, Stock No. 300015 (3-piece cassette including 50 mm cowl) Refer figure 11.

Nuclepone, Stock No. 300075 (3-piece cassette including 50 mm cowl - manufactured with
eectricdly conducting [anti- Satic] materid).

Supplier: Millipore Corp, Order No. MOO0025A 0 (3-piece cassette). An anti-static cowl (order
no. M000025R0) should be used with the cassette. Refer to figure 12.

FIGURE 11 FIGURE 12

PUMPS

Sampling pumps used for estimating airborne asbestos dust should be capable of maintaining the
appropriately chosen flow rate within + 10% for the entire sampling duration. Pumps with automatic
flow control facilities are recommended. Because performance characteristics of fidd sampling
pumps can vary considerably, reference should be made to experienced laboratories for sdection

of pumps for specific sampling gpplications.

When sampling in explosive gas or dust aimospheres as defined in AS 2430™", ensure that the
sampling pump meets the requirements of AS 238019,
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