


This guidance note was prepared by the National Commission In
accordance with its responsibliities under the National Occupational
Health and Safety Commission Act 1985 (Cwith). Except as
otherwise provided by a law other than the Natlonal Occupational
Health and Safety Commission Act, or Instrument made under such
a law, a guldance note i3 of an advisory character only.
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‘mmonucnon

"-‘This procedure for estimating the airborne concentration “of - synthetic{__ :
mineral fibres (SMF) has been based on the principles of a membrane filter .
method and phase contrast microscopy.” Such a method was originally proposed
by the National Health and Medical Research Gouncil for estimating alrborne:
asbestos{l), In addition to this method. a nudber of internetional and
national methods have been published(2'6) .

A detailsd roview of these methods by the Workins Party has shown thet they
are essentially similar in prineiple but that significant differences oc
between the methods in regard to t:he counting rules. for SMF and asbestos
The main differences are: | :

provision in. the origingl large scale epidemiolcgical studies for
counting non-respirable fibres (WHO/EUROS3 method) : :

provision for modification of the sample preparation techniqua;to count
synthetic mineral fibres with refractive 1ndex less™ thsn 1051 (HSE
method(4)); ;

use of average width assessment rather than maximum width measurement
to define fibre size (WHO/EURQ -and HSE: methods). and

exclusion of adhering- or overlapping non- fibrous particles from t:he-
fibre evaluation process {WHO/EURO -and HSE methods)

Other non-standardised differences were noted in the 'areas of microscope
specifications, resolution testing, consideration of statistical errors and:j.' £
practical detection limits, :

Having given careful consideration to the differences in the above men-ione
methods, the Working Party has formulated the following method on two .main
principles: SRS :

the need for international standardisation on c'oi.mt'ing rules 8o asy
standardise exposure measurement:s and thereby assist in epidemiological
comparison, and : : SO

the need to minimise int:erlaboratory variability and to ens_ure
standardisation of laboratory methodology.

The congsequence of adopting these two principles is' that the. following )
method incorporates, with minor modifications, - the .counting rules specified -
in the WHO/EURO method and takes advantage of the 'improved: -rellabllity of

laboratory and microscog?r procedures detalled in the National Commission s
Mambrana Filtar Method( for achesros. Al gl

this field without making personal contact with an experienced” occupacional
hyglenist or scientist te ebtain the essential training in the techniquas
involved. L S
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SCOPE OF THIS METHOD

Part A of this document describes the procedures required to estimate
personal exposure and to assist in the control of occupational emvironments
where the airborns fibres are present. Part B details laboratoxy analytieal
. procedures for this method. : '

This  method has been developed for the measurement of the airborne
cgncaﬁcration of SMF materiale used in Australia and for determining
compliance with the SMF exposure standard detailed in the Proposed National
Standard and Draft National Code of Practice on Synthetic Mineral Fibres(7).
As such, it is unsuitable for fibres with a refractive index around 1.51.
These low refractive index fibres are rare in Australia. It should also be
emphasised that in mixed dust situations the presence of other fibres and
" fibre:like particles may interfere with the interpretation of any results.

Where a material contains asbestos in addition to SMF, the counting rules
and exposure standard for asbestos should be applied.

It must also be recognised that the use of this method has limitations when
applied to samples containing plate-like or acicular particles, for ezample,
tale, gypsum and cértain other minerals and fibres, and consequently should
not be implemented without a full qualitative understanding of the sample.
There are analytical methods which can be used to develop a more complete
understanding of complex samples. . These techniques include polarised light
- microscopy, electroen microscopy, X-ray diffractometry and gravimetrlc
methods ete.

For occupational sampling, in the absence of other techmically convincing
lnformation, all particles complying with the defined geometric conditiens
(see Section 6.5) are to be considered as respirable fibres and counted as
such, thereby ensuring that under-estimates of exposure are minimised. It
-is also intended that the procedures described in this document can be used
for epidemiology.  However, for epidemielogical purposes, more complex
analysis may be required to achieve a complete understanding of occupational
exposure. '

Part C describes tha main sources of errors that arise when using the method
and gives saveral quantitative estimates of the overall ‘accuracy’.
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GENERAL METHOD DESCRIPTION

‘. A sample  is collected by drawing a measured quantity of air through a

" membrane filter by means of a sampling pump. The filter is later
transformed from an opaque membrane iIinto a transparent, optically
homogeneous specimen. The fibres are then sized and counted, using a phase
contrast microscope and eyeplece graticule. The result is  expressed as
fibres per millilitre of air, calculated from the number of fibres on the
filter and the measured volume of air sampled.
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- GLOSSARY OF TERMS

Occupational and regulatory samples are those
samples taken within the worker breathing zone
- and .give  results that are indicative of the
‘worker's expesure under representative working

conditions. ' As they represent actual petsonal
‘exposure, the results. of such sampling can be
. compared with occupationdl exposure standards.

Single sample duration is the actual time

during which a single sample 13 collected,
. This duration 1s wusually dependent upon
. analytical requirements,

A static sample is a sample taken at fixed
locations, commonly between 1 and 2 m above
floor level.

Total sample duration is the sum of the single
sample durations taken over the ‘'sampling
period.

The worker breathing zone is described by a
hemisphere of 300 mm radius extending in front
.of the face and measured from a line bisecting
the ears. Breathing zone samples are usually
obtained if the filter holder is fastened to
the jacket lapel of the worker. The cowl must
always point dowmwards. The worker carries the
‘pullp on a belt or in a pocket.These samples are
known as ‘personal samples’,




PART A

AIR SAMPLING FOR SMF PRODUGTION AND USE

v

This method is intended to be used for the sampling of airbornme SMF dust in
occupational envirénments where - the airborne fibres are known to be
predominantly glass fibre, rockwool or ceramic fibre. . This method shall be
used to determine compliance with exposura standards 8) or the warious
regulatory limits throughout Australia,

1. STRATEGY FOR OCCUPATIONAL SAMPLING

1.1 GENERAL PRINCIPLES

Occupational 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; and

to provide estimates of exposure for epidemiological investigationé of
morbidity and mortality. .

Sampling procedures should be arranged so as to cause minimal interference
with the activities of the worker. All sampling must be conducted {n the
breathing zone of a worker so that the results are indicative of the
worker’s exposure to fibres under representative working conditions.

1.2 TOTAL SAHPLE 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 never be less than four hours, and preferably over an entire
shift,

Section 6.7 detalls 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 airborme fibre concentrations,

1.3 FLOWRATE

If a 25 mm filter is used, the flowrate should be selected in the range 0.4
to 2 litres/min such that a volume of 100 litres + 20 per cent (that is
80-120 L) 1s collected over the desired single sample duration,

As a minimum, the flowrate through the filter holder must be checked both
before and after sampling. If the difference is greater than 10 per cent of
the initial flowrate, the sample must be rejected.

If an external flowmeter 1s 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
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flowmeter, with and without the external 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 assist in the selection of flowrate, the following table gives single
sample durations for various flowrates at volumes of 80, 100 and 120 L.

TABLE 1

SINGLE SAMPLE DURATION FOR VARIOUS FLOWRATES

Sample Volume (litres)

Flowrate _ 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 25 mm diameter filter and shows the lowest
calculated concentrations that would result from the loadings as detailed in
Section 6.7. See also Section 2 for presentation of results,




Ll B

. LOWEST CALCULATED CONCENTRATION BASED UPON FILTER LOADINGS

Sample Volume (litres)
80 o0 120

fibres/ml

Minimum Filter Loading

40 fibres/100 graticules 0.24 0.19  0.16
15 fibres/100 graticules 0.09 0.07 0.06
10 fibres/100 graticules 0.06 0.05 0.04
Maximum Filter Loading

1 fibre/graticule 0.6 0.48 0.4

2 fibres/graticule 1.2 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‘l) (usually lying in the range 80 to 300 fibres/100 graticule areas)
as required by various other methods is mnot used. However, unlike these
metheds, fixing of the sample volume per cm? of effective filter area
standardises the fibre density on the filter. This eliminates omne major
source of subjective error in analysis related to sample denmsity (? - 12)
and thereby improves interlaboratory agreement.

The penalty in this approach 1s that the practical detection limit
(approximacely 10 fibres/100 graticule areas) resldes arcund 0.05 fibres/mL.
However, the rellability of the method decreases below 0.1 fibres/mL for
occupational samples. No attempt should be made to reduce the detection
limit in occupational environments by increasing sampling volume.

A second penalty is that precision suffers at high fibre concentrations (> 5
to 10 fibres/mL), which means that results can only be expressed in broad
terms {see Chapter 2). However, this is acceptable because the results are
then clearly in excess of the exposure standard and the repnrted results
reflect the lack of precision by using an appropriate number of significant
.digits. '

L.5 BLANKS

For each batch of filters used in a specific fleld sampling exercise or for
every twenty-five filters in the batch, select one unused filter and subject
it to the same treatment of handling and transport as for normal samples,
but do not draw any air through it or attach it to the worker. See Section
6.6 for details of blank analysis.

1.6 SAMPLIRG RECORD
All data necessary for the determination of the fibre concentration must be
recorded, along with the sampling details. Furthermore, as much data as

available should be recorded for control design and epidemiclogical studies.
Appendix D gives an example of a dust sampling record.
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. 2. LIMITATIONS OF THE'HETHOD AND PRESENTATION OF RESULTS

With the pdarameters 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 graticule areas, the practical lower detection limit is approximataly
0:05 to 0.1 fibres/mL. This limit. arises because it is generally ‘accepted
that blank, unused filters can give a reading of several countable fibres
ﬁer 100 graticule areas. These ‘'fibres’' may be unidentified contaminants on
the filter or artifacts from the clearing process which have the appearance
of fibres. - .

It follows that the above detection limit may not be achieved when any of
the gbove 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, especially when SMF are a minor constituent in the
overall dust cloud.

Insufficient information is available to determine at what level the
reliability of the method becomes so poor that results have little meaning.
1t is oclear that this level will not be a single value, but will be a range,
depending at least upon the relative and absolute fibre concentratien.
There appears to be general agreement among those experienced in the field
that these limits lie somewhere in the range of 0,05 to 0.5 fibres/mL
depending -on a varlety aof conditions. In view of this aituation and the
inherent wvariability of the method, all calculated  values should be
sxpressed in the manner detailed in Table 3 on the following page.




TABLE 3

- REPORTING OF OGGUfATIONAL SAMPLING RESULTS

Calculated Concentration* ' Reported Concentration
{£ibres/mL) {fibres/mL)
(1) less than 0.05 ' < 0.05
(I1) 0.05 to less than 0.10 . 2 decimal places and
' _ 1 significant figure
(IIT) 0.10 to less than 5.00 . to 1 decimal place and
2 significant figures
(1V) 5.00 to 10.0 7 ' . 0 decimal place and
’ 1 significant figure
(V) greater than 10 - > 10
EXAMPLE :
Calculated Concentration* Reported Concentration
(fibres/mL) ' (fibres/mL)
(1) 0.049 ' < 0,05
(II) 0.055 0.06
oo 0.084 0.08
- {III) 0,65 0.7
" C 4,74 4.7
av- . : © . 6.34 . 6
(W) 13.42 >10

"#If the-actual count 1s less than 10 fibres/100 graticule areas, then the
count ig not significantly above that of background. The results should be
calculated using the minimum practical detection limit of 10 fibres/100
graticule areas and reported as ‘less than’ the calculated value expressed
to 1 significant figure and no more than the first decimal place.

- EXAMPLE:

A 100 litre sample with a 25 mm diameter filter count of 4 £ibres for 100
graticule fields yielded a calculated concentration of 0.0194 fibres/mlL.
However, because the actual fibre count is below: the detection limit of 10
fibres per 100 graticule areas, the concentration when recalculated using
this limit is'< 0.0484 fibres/mL. When rounded off as required by the above
table, the result shall be quoted as < 0.05 fibres/mL
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PART B

LABORATORY TECHNIQUES- AND ANALYSIS

The second part of this method details the analytical procedures to be used
for the samples collected in accordance with Part A.

‘3. EQUIPMENT
{See Appendix J for specifications)

3.1 SAMPLING PUMP

A portable battery powered pump must be used for personal sampling. The
capacity of the battery must be sufficlent to operate continucusly over the
chosen sampling time. The pump should be capable of maintaining the
required flowrate with a wvariation within +10 per cent for the entire
sampling duration, "allowing for increasing filter loads. Pumps with
automatiec £low control faecilities are recommended. The performance
characteristics of field sampling pumps wvary considerably and reference
should be made to experienced laboratories 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 visible vibration of a rotameter float
if such a flowmeter is connected to the filter holder with the filter
inserted. 1t may be necessary to install a pulsation damper between the
pump and the filter if an internal pulsation damper has not been included or
if the pump shows significant pulsation,

Commecting tubing must be constriction-proof and the connections leakproof.

CAUTION: When sampling in explosive gas or dust atmospheres as defined in
Australian Standard AS 2430(13), ensure that the samzling pump
meets the requirements of Australian Standard AS 2380 ).

3.2 FILTERS

Membrane filters (mixed esters of.ce,llulose) of 0.8 micrometre pore size
with printed grids must be used, and a diameter of 25 1s necessary.
Alrborne dust should be collected on the upper (grid) surface of the filter,

3.3 PILTER HOLDER

It is necessary to use an open faced filter holder fitted with a protective
cowl. The cowl helps to protect the filter from accidental contaminationm.
A metallic or conductive coated cowl is preferred because of the possible
risk of fibre loss due to electrostatic charge when using plastic cowls.
This {s especially true when operated under conditions of low relative
humidicy.

Filter holdexs and cowls must be meticulously washed with detergent and
water and thereafter rinsed thoroughly. After exposure to high fibre
concentrations it may be necessary to dispose of the holders and cowls or
only re-use in environments with high dust concentrations where any
potential contamination would not have a aisni.fi.cant effect upon results,
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Filter holders which have previously been used with fibreglass filters
should never be used 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 distribution of air passing through the primary
" membrane. These support pads are usually made of pure cellulose and have a

much larger pore size than the primary filter upon which the fibres are
collected,

3.4 STORAGE AND TRANSPORT

Fixacives mUst not be used. Experience has shown that fixing fibres to the
filter surface with cytological or other types of fixatives 1is unnecessary
and should be avoided.

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

An alternative is to transfer the filter to a petri dish in the following
way. In a dust-free area, using forceps, carefully remove each exposed
filver from its holder, taking care to grasp only the unexposed filter edge.
Place the filter, dust side up, in a plastic petri dish or similar
container. Fasten the filter to the bottom of the dish with one or two
pieces of adhesive tape attached teo the: unexposed edge. After
transportation, the filter can easily be removed from the dish with a
surgical scalpel.

The filter holders or petri dishes should be packed into a rigid container
with some soft packing material to prevent both crushing and vibration of
the filter, Samples should be clearly and unambiguously labelled, taking
care to ensure that filters cannot be accidentally re-used. The filters

'should not be marked for this purpose because of the risk of damaging the
filter.
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4. SAMPLE PREPARATION

4:1 CLEANING SLIDES AND EQUIPMENT

Clean conditions should be maintained at all times. A dirty preparation
area may result in sample contamination and érroneous results. Particular
care “should be taken to ensure that the presence of bulk samples in’ the
laboratory does not cause contaminatien.

The slides should be cleaned with lens tissue or I.ndust:rial paper tissue and
laid out on a clean surface such as a sheet of lens tissue.  Each coverslip
should be cleaned with lens tissue immediately before use to ensure that the
surfaces are free from contamination.

The scalpel 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 ¢lean before dealing with each sample.

4.2 FILTER SAMPLE CUTTING

It is preferable to mount only one half of a 25 mm diameter filter, .the
remaining half should be stored for future veference. All cutting should be
done to give a single clean cut, with no disturbance to the filter face.
Either a curved bladed scalpel used with a rolling action or a very sharp
razor has been found satisfactory

4.3 MOUNTING THE SAHPLE

The half filter is mounted on a clean . glass slide The - filter is then
collapsed using acetone vapour the filter 1s cleared using glycetol
triacetate and mounted under a coverslip. (See Appendix A)

i

WARNING

ACETONE VAPOUR IS HIGHLY FLAMMABLE AND MOUNTING -SHOULD BE CARRIED OUT WITH

. ADEQUATE VENTILATION. ON NO OCCASION SHOULD IT BE USED IN THE VICINITY OF

AN OPEN FLAME OR OTHER IGNITION SOURCES.




5. OPTICAL REQUIREMENTS

5.1 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 Slide’
(see Appendix F). It is important that experienced practitioners be
consulted before selecting microscopes for fibre determination. It is
recommended that the following specification be uged to select a microscope
suitable for fibra counting, .

Light Source - Koehler or pseudo-Koehler illumination is preferred. It
is preferable for the illuminator te be built-in, but an-external lamp
with a plane mirror can:be satisfactory. A variable . light intensity
control is necessary for both methods of illumination

Bubstage Asaembly - An Abbe or achromatic phase-contrast condenser

 incorporated into 'a substage unit 1s 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 built-in mechanical spccimen stage fitted with clide*clcmps
and x-y displacement is required,

Objectives - A rotating nose piece fitted with 10X and 40X parfoeal
phase-contrast achromatic objectives is required., The 40X objective -
must have a numerical aperture (NA) of 0.65 to 0.75. It should have a
phase ring of not less than 65 per cent and not greater than B85 per-

cent absorption, Either positive or negative phase-contrast is
suitable.
Eycpiace - Binocular eyepleces 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 graticule for this method is the Walton-Beckett
circular eyepiece graticule (Gratlcules Limited Type G22). When using
the 40X phase objective and an' appropriate eyeplece, 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 informatiom. poRET e

5.2 MICROSCOPE ACCESSORIES

The following are considerations to be taken into sccount whan selectingi'”
microscope accessories

' A centering telescope or Bertrand lens is essentlal fér checking that
the phase rings in the condenser are centred with respect to those in
. the objective, :

A grecn or blue filter may reduce eye fatigue.

The stage micrometer should be from a reputable source, preferably 1 mm
in length and must be subdivided into at least 10 micrometre intervals. .-
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High quality microscope slides should be used.

The coverslip thickness should be that for which the microscope is
designed, ususlly 0.17 mm thickness (cthat is, No. L l/p). Incorrect
coverslip thickness will detract from the quality of the final image.

5.3 MICROSCOPE ADJUSTMENT PRINCIPLES

Microscope adjustments and testing with the Detection Limit Test Slide must
be part of the dally counting routine. Foliow the manufacturer's
Instruction while observing the following guidelines:

the object fox examination must be in focus:

the illuminator field iris must be in focus, centred on the sample and
opened only to the point where the field of view is 1{1luminated;

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

the phase rings (annular.diaphragm and phase shifting elements) must be
concentric; and o :

the eyepiece graticule must be in foecus.
For more detailed information see Appendix G.
3.4 EYEPIECE GRATIGULE 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, calibrations will
change for observers with different interoccular distances. (See Appendix E
for eyepiece graticule calibration procedures.)

5.5 HICROSGOPE/OBSERVER PERFORMANCE ASSESSMENT

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

As mentioned in section 5.1, a Detection Limit Test Slide is available which
will assist in the regular assessment of microscope and observer
performance. If Block 5 on the Detection Limit Test Slide (Mark 2) canneot
be distinguished, the microscope (or observer) is not suitable for work with
this method and should not be wused until this deficiency has been
investigated and corrected. Block 7 should not be resolved.



6. COUNTING AND SIZING FIBRES.

6.1 GENERAL

Airborne fibres collected on membrane filters appear in a wide variety of
forms ranging from simple 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 fibres
collected on membrane filters. It must be recognised that the use of this
method has limitations when applied to samples containing plate-like or
acicular particles, for example, talc, gypsum and certain other minerals and
fibres, - and consequently should not be ' lmplemented without a full
qualitative understanding of the sample.

6.2 LOW POWER SCANNING

With a total magnification of lOOX to 150X, that is, 10X objective, scan the
entire filter area.

The margin normally covered by the filter holder should be free of dust and
fibres. All viewing fields should have similar appearances with respect to
total dust loading. TIf the observed fields show marked differences in
loading, or gross aggregation of fibres or dust, the filter must be
rejectad.

At least half of the mounted filter area must be countable, otherwise it
must be rejected. .

6.3 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 most of the fibres and
dust will be found on the upper surface of the filter, it will be necessary
to focus below (up to 10 micrometres) and slightly above the surface.

When counting and sizing, constant use of the fine focus 1is necessaiy
because of the small depth of field of a 40X 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 obstruects the view, move the
stage to another field. Do not count fields that lie within 3 mm of the
filter edge and within 2 mm of the cutting line.

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

As many fields as is necessary should be counted to yield a total fibre
count of 100, however, a minimum of 20 fields should be counted even if more
than 100 fibres are found. Do not count any more than 100 fields “if a total
of 100 fibres is not reached.



All relevant information must be recorded. It is good practice to record

" each field and fibre as it is observed. (See Appendix I for an example of a

fibre counting form.)
6.4 LABORATORY WORKING CONDITTONS

The w@rking environment in a laboratory may systematically Influence the
accuracy of the aetusl counting, Subjective factors such as lighting,
seating and noise should be suitable for the task.

6.5 COUNTING CRITERIA

‘A . countable fibre 1s defined as any object having a width less than 3
micrometres and a length greater than 5 micrometres and a length/width ratio
greater than 3:1. These dimensions are consistent with the respirable fibre
in which the SMF exposure standard is expressed(8).

Accuracy for determining fibre length and diameter is eritical, and full use
must be made of the eyepiece graticule., The length of curved fibres is
estimated along the curve of the fibre, that'is, true length, and the width
at the greatest diameter.

The following approach should be used when counting individual fibres or
" groups. of fibres: ’

Single fibres - a countable fibre with both ends within the graticule
: area shall count as one fibre:
= a countable fibre with only one end within the area shall
count as half & fibre; and
- & fibre with both ends outside the area must not be
counted, :

Split fibres - cacur infrequently with SMF but should be assessed as if they
.were single fibres. A split fibre is regarded as a single countable fibre
if it meets the geometric dimensions detailed above. The width is measured
across the undivided part, not the split part.

Grouped fibres (bundles) - when several fibres cross or intersect and
individual component fibres can be easily distinguished, then each fibre
should be counted separately according to its geometric dimensions. When
crossed fibres form a clump and camnnot be easily separated the the whole
clump should be ignored,

Attached particles - fiBres in contact with particles should be counted as
if the particles were not attached.

The use of the above rules will result in a slight over-estimate of the
respirable component of the airborne concentration, However, this approach
has been usaed to maintain consistency with current and future international
studies., ' '

: Appendix H gives plctorial representatibns of some typlcal fibre patterns.
6.6 BLANKS -
' Chapter I requires that blank filters be used. If any ‘blank’ ylelds fibre
counts greater than 3 fibres/100 graticule areas, the entire sampling and
analytical procedure should be eXamined carefully to find the cause of the

o contamination. When the blank count exceeds 3 fibres/100 graticule areas,
hnd‘§1SO exceeds 10 per cent of the actual sample fibre count/100 graticule
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K areas, 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 leveis of
new filters are not excessive.

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 fibres in 100
graticule areas, that is, 0.15 fibres/graticule area:

Blank Count = 4 x 100 = 27%

Sample Count 15

As this ratlo exceeds 10 per cent, the sample is rejected. Furthermore,
because the blank count exceeded 3 fibres/graticule area the cause of
contamination must be found and corrected.

6.7 ACCEPTABLE FIBRE LOADINGS ON FILTERS
6.7.1 Minimum Loading

For reliable .counting, & fibre loading of a filter should exceed 40
fibres/100 Walton-Beckett ‘graticule areas. In special circumstances, for
example, when an indication of concentration with low precision is
acceptable, it is permissible to lower the acceptable fibre loading to 10
fibres/100 Walton-Beckett graticule areas. ‘

If less than 10 fibres/100 graticule areas is observed, then the figure of
10 fibres/100 graticule areas is the minimum that can be used to calculate
alrborne fibre concentrationm.

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

Note that a sample count of 10 fibres/100 Walton-Beckett graticule areas can
Just be distinguished from the background ‘blank’ count of 2 fibres/100
graticule areas for typical sampling/analytical coefficients of variation of
0.6 to 0.8. For this reason, it is mandatory toc ensure that blank counts
are not greater than 2 fibres/100 graticule areas before accepclng 10
fibres/100 graticule areas as a minimum loading.

6.7.2 Maximum Loading

Experience shows that the filter loading should not exceed a maximum of 5
fibres/graticule area (average value for all counted fields) for the
majority of sampling situations. This may need to be reduced to an average
of sbout 1 fibre/graticule ares 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 fibree/graticule area chould be rejected.

101




6.8 CALCULATION OF DUST CONCENTRATYON

When the following calculations are applied, 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 precision.

6.8.1 Single Values

The fibre concentratien for each single sample duration is determined
according co the following formula:

A.N.1.1 e (1
G = a n r t
where: = concentration (fibres/mL)

effective filter area (mmz). )

eyepiece graticule area (mm<) (see Appendix E)
total number of fibres counted

number of graticule areas observed

flowrate of air through filter (mL/min)
single sample duration (minutes)

c
A
a
N
n
r
t

1

Results should be presented in the manner detailed in either Chapters 2 or
4,

6.8.2 Time-weighted Average Values
When several consecutive samples of different sampling duration are faken,

caleulate the time weighted average values from the single values as
follows:

zzci.ci City + coty + ... + epty

Yy By +ty 4+ .4ty

C1w

e (D)

where: Cry ~ time weighted average concentration (fibres/mL)
¢t = single value of concentration (fibres/mL)
ty = single sample duration (minutes)
Lty = total sample duration (minutes)
n = total number of samples

If the single sample durations (t1) referred to above are of equal duration,
then equation 2 is simplified as follows: -

Yeq GL + Gy + ... +Cq
CTW = - S (3)
n n

Results should be presented in the wanner detailed in Section 2.
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7. QUALITY COWTROL(1S)

©. ‘A good 4quality control procedure is essential because of the large
" differences in results obtained both within and between laboratories using
‘all manual fibre-counting methods. Laboratories using the method must
participate in systematic checks to assess inter-lahoratery wvariation. 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
internal consistency, which should aim to measure the mean " and
reproducibility of each counter’'s difference from the average of the
laboratory. It is unsatisfactory for 'a counter to have an average result
equal to the laboratory mean if that counter's average performance conceals
considerable variation from sample to sample.

In a large laboratory, a satisfactory procedure is to have all the counters
recount a specified fraction of the routine slides. The fracticn should be
chosen to provide a quality control sample about once a week, and to ensure
that these slides are fully representative of the laboratory’'s routine
samples. For example, a laboratory counting 5000 samples a year could
select every hundredth filter {whatever its type) for recounting by all of
its counters, and could keep a running check of the mean and standard
deviation of each individual’s difference from the laboratory mean.

A laboratory with only one or two counters would have to maintain a stock of
permanently mounted and well-characterised slides for periodic check
councting, and could again calculate the mean and standard deviation of the
counts in relation to those accepted for the stock slides.

Systematic records of quality control results should be kept and regularly
examined to assess indiwvidual. counter and overall laboratory performance.
It should be remembered that, in common with monitoring for other
particulates, errors will be introduced in sampling.
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PART C

SAMPLING AND ANALYTICAL ERRORS

- The estimation of airborne fibres comprises sampling and analytical errors,
"each of which has a systematic and random component. These can be minimisad
by strict 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 errors.

8. SOURCES OF ERRCRS

Some commont sources of ertors are lisced below:
8.1 SYSTEMATIC ERRORS
8.1.1 Sampling

- flowrate:

-sampling time;

non-representative or blased sampling; and
-contamination - deliberate or accidental,

8.1.2 Analytical
éffective filter area;
counting area;
filter mounting;
microscope;

observer; and
contamination.

8.2 RANDOM ERRORS
8,2,1 Sampling

flowrate variability; and
; Tandom fluctuations of the airbornme dust cloud.

8.2.2 Anslytical
Fibre distribution\on the filter: non-random deposition of dust on the
filter leads to gross errors, the magnitude of which cannot be
estimated. Twenty or more flelds must be counted to ensure that minor
divergence from randomness does not bias the result.

Polsson error.
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As only a small proportion of - the fibres deposited on the filter are
counted;: errors-arise in the estimation of the total number of fibres on the
entire filter surface. Theoretically, the Poisson Distribution defines the
variation in fibte councs resulting from the viewlng of randomly selected
counting fields on the filter. If a minimum of 100 fibres is counted, and
if a Poisson: Distribution were 'appropriate to the counting results, the
coefficient of wariation of ‘the fibre counts would not exceed 10 per cent.

The “Poisson . error. is. the: minimim inherent error of the Membrane Filter

Method and in many other practical situations, such as particle ‘counting’,
electron microscope methods and blood counts,
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9. OVERALL ACCURACY

The information in this section has been obtained from experience 1in
counting of asbestos fibres. However, there is no indication that this data
should not equally apply to tﬁe prediction of aceuracy and precision for SMF
counting.

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. Far
this reason it is not possible to assess the likely accuracy of the method.
Even the precision (or repeatability) of the method is difficult to quantify
because of systematic errors which tend to arise both within and between
laboratories. Taken as a whole, by ‘randomly’ selecting observers and
laboractories, these systematic errors take on a random nature such that it
may be possible in the future to provide estimates of empirical precision,
that is, the closest approach possible to a statement of accuracy for a
method with known ‘true’ values.

Much work has been done in an attempt to arrive at these estimates and, to
date, only a partial conclusion has been reached. Examples of confidence
intervals calculated from the Poisson Distribution are presented in Table 4
balow:

TABLE 4
THEORETICAL CONFIDENCE INTERVAL FOR RESULTS USING POISSON
DISTRIBUTION
NUMBER OF FIBRES COUNTED 95% CONFIDENCE INTERVAL FOR RESULT
PER 100 GRATICULE AREAS .
100 +20% of the calculated result
40 -26% to +36% of the caleulated regult
10 -50% to +84% of the calculated result (that

is, the true result may be in the range of
50-184% of the calculated result)

Confidence limits apply to the measured result and not the final reportad
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 fibre concentration and these have been known to
increase the above confidence intervals by up to a factor of 2 or 3. Tables
3 and & present the findings of empirical studies(1%) 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 Australia.
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TABLE 5

‘COEFFICIENTS OF VARIATIONS FOR EXPERIENCED LABORATORIES

"Fotal No. of . Coefficients of Variations*
Fibres Counted. Analytical Only - Sampling & Analytical
10 - 0.60 . 0.90
15 0.55 : 0.80
40 o ‘ G.45 . 0.70
100 0.40 0.65

% The coefficient of variatiom (CV) is calculated 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 a single filter,

TABLE 6

90% CONFIDENCE LIMITS DERIVED FROM EMPIRICAL STUDIES (11)

Total No. of. ' Annlzciuai Sampling & Analytical
Fibres Counted LCL ucL LCL UcL

10 3 21 .2 26

15 6 31 4 37

40 18 74 12 93

100 | 49 175 3l 222

LCL = Lower confidence limit
" UCL - Upper confidence limit

At the lowest count allowed by this method of 10 fibres/100 graticule areas,
experience indicates that the inherent wvariability of the combined
sampling/analytical process can yield ‘real’ values as low as 2 and as high
as 26 fibres/100 graticule areas. Precision increases -as the count becomes
higher. However, cbserving significently more than 100 graticule areas in
an attempt to improve precision ofren results in no real 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 original NH&MRC membrane filter method(l) employed a '
flagsk of acetone heated on a hot plate, water bath or infra-red lamp. An
increasing number - of Australian laboratories have now adopted . the.
‘hot-block! methqd.(17) This method uses a heated metal block in which a
small amount of acetone is rapidly vapourised and directed on to the -half
filter. This has certain advantages in terms of Ffilter preparation  and

safety. The NHS&MRC (1) 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 electricity.

An alternative method recommended by the Health and Safety'Executive(15)
conaists of a boiling acetone reservolir with a condensing coil to prevent .
acetone escape, In this method, temperature control is reasonably eritical
and the larger quantity of acetone poses a potential fire hazard. Other
methods are described in Appendix A of the Asbestos International
Association's Recommended Technlcal Method No. 1(2}, However, these are not
recommended because they are not as inherently safe as the ‘hot block’
method and generally do not clear fllters as effectively.

After acetome clearing, the cleared filter should be left to stabilise for
at least five minutes. Thereafter, the slide and its adhering filter is
treated, using the following techmique:

Lay a freshly cleaned coverslip on a clean horizontal surface and using a
variable dispenser capable of consistently delivering a quantity between
510 uL (for half of a 25 mwm diasmeter filter) of glycerol triacetate.
(Triacetin) on the coverslip. Lower the already (acetone) cleared filter on
to the coverslip and allow the weight of the slide to spread the Triacetin
evenly. See Figure 1.

Too much Triacetin, as indicated by excess liquid emerging from the edges of
the coverslip, can cause the outside edge of the filter to eventually
disintegrate to some degree. Insufficient Triacetin will result in uneven
clearing of the granularity left from the acetone vapour clearing. Further,
the refractive index of the mounted sample will not be suitable for optimum
visibility of very fine fibres.

FIGURE 1

7777

Heating the clearsd filter to approximately 50°C for fifteen minutes
accelerates the clearing process and enables analysis to proceed almost
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, mor be subject to significant
particle migration.

It is desirable to paint nail polish, or similar lacquer, around the edge of
the coverslip if the slide is to be kept indefinitely..
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APPENDIX B
FLOWRATE CALIBRATION AND CORRECTIORS

FOR FLOWRATES 0.4 - 2.0 L/min

Internal and external flowmeters must be calibrated with a primary
calibration device. One suitable calibration procedure makes use of a soap
film flowmeter. The flowmeters described in this section are of the
variable area type, that is, ‘rotameters’.

1. Choose an accurate burette, or similar measuring device, of 300-500 nmL
capacity. Attach a tube to the bottom of the burette, and then clamp
Lt in an inverted vercilcal position In a stand.

2. Set up the sampling pump, allow flow to stabilise, complete with
connecting tube, filter holder and filter as used in the field.

3. Connect the soap film flowmeter. Ensure that the system is leakproof.
It is advisable to rinse the burette thoroughly in water immediately
prior to the test - this removes accumulated detergent and also assists
in watting the inside of the burette.

4, Switch on the pump, allow the flow to stabilise and adjust the flowrate
to the nominal desired figure according to the internal flowmeter, if
fitted.

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

6. By momentarily placing the beaker against the bottom of the soap film
flowmeter, create a bubble such that it will travel the entire length
of the burette without bursting.

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

8. Repeat steps 6 and 7 at least twice, or more, until good repeatabilicy
of the times 1s achieved.

9. Average the times and calculate the true Flow (Qc¢) as follows:

NOTE: Theoretically, the water vapour content in the soap film flowmeter
air should be taken into consideration in determining the ‘true’ flowrate,
However, for practical purposes acceptable accuracy is maintained without
this correction,

Qo = V¥ where Qg = true volumetric flowrate (mL/min)
T ' at calibration conditions

Vv = volume of buretce (mL)

T = average time required for bubble to.
traverse the tube (minutes)
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10, TIf thé external of Iinternal rotameter 1s used under different
temperature conditions than those during calibration, it is generally
not possible to calculate the different flowrate that will inevitably
resule. ‘

As all air sampling measurements are concerned only with volumetric
flowrate, that is, flowrate measured ard expressed at the -prevailing
temperature and pressure, arnd not mass flowrate, that is, flowrate corrected
to standard temperature and pressure conditions, recalibration of the pump
flowrate is essential .if it is operated under conditions substantially
different to those of calibration. ‘'Substantial’ implies a difference in
altitude or temperature by more than 500 m or 15°C respectively compared to
the calibration conditions.

EXaMPLE:

During the calibratlion of a punp wilth an lnternal floﬁmeter a soap film
flowmeter of 500 mL volume gave an average of 31.7 seconds for the bubble to
traverse its length.

Vhat is the Fflowrate under these conditions?
Using the equation in this appendix:

Q. = Y = 500 = 946 ml/min

T 31,7760

The flowrateé, under the temperature and pressure conditions as stated above,
was 946 mL/min.

If secondary standard flowmeters, for example, rotameters, are used, it is
imperative that they be regularly calibrated against a suitable primary
standard, iving due consideration for opressure drop and pulsation
problems(laf. .
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APPENDIX € '

MEASUREMENT OF THE EFFECTIVE ‘m.irmz}m :

One convenient way in which to determine the area of the dust- deposit that
is, the effective filter area, is as follows: ! .

1. Place a small quantity of dark colouted“duet;_fbr'example, carbon,
cement or road dust, into a 2 to 5 L container-with .a-1id.

Z. Shake the container, remove the 1lid &nd draw ‘alr through a membrane
filter and its holder until the airborne’ dust in the container forms an
obvious visible deposit on the filter. + = ;

| 3. Remove the filter from the holder and mount on téial microscope slide in
} the normal manner as described in Appendix A.;

| 4, - Measure at least two and prefarably four different diameters of the
| resultant dust spot to within + 0.2 mm, ' Among other. mathode,
% microprojection measurement, or the use . of: microscope "object  stage
: verniers have been found satisfactory.

5. Provided that rhe measured diameters. bf.the filtar differ by no mora
than 1 mm, a simple arithmetical average' is sufficient to provide a
good estimate of the effective filter diameter

6. At least three individual filters must be prepared and measured as
described above to give assurance that the final calculated drea is
sufficiently accurate.

Provided that the three individual‘filter:diemeters”differ by no more
than 1 mm, an arithmetical average should. be’ taken ~and the area
caleulated in the usual manner.. This area. is then.the Effective Filter
Area to be used for calculations in this method

~d

8, If steps 5 or 7 produce differences greater than 1 i, close attention
should be paid to the sampling of the dust or to the filter clearing
technique. . s

9. It is necessary to repeat the measuremeﬁt of the effective filter area
if the type of filter or holder, or if any aspect relating to filter
clearing, is changed.

10. It is advisable to repeat the entire measurement procedure every twelve
months to emsure that the correct effective filter area is known.
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TAFEENDIR D

EXAMPLE OF A DUST SAMPLING RECORD
(Example Only)

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

SAMPLING DETAILS

instrument type and number;
flowrate: initial, intermediate and final;
duration;
sampling strategy used;
data, hour; and
sampled by.
SAMPLING ENVIRONMENT DETAILS
designation: job title and work location;
" harmful substances, for example, types of fibre ;
brief description of working process;
variable parameters which can exercise an influence on dust formation;

work practices, if applicable

- working conditions: mnormal, abnormal
- material, Ffor example, type, size, condition
- alrflow, worker in dust airflow - yes/no obvious influence on

adjoining working places;

methods of dust control, if applicable

- exhaust ventilation

- other methods

- visual impressionm;

number of employees for which the measuring value is representative;
personal protection (yes/mo) type;

houre pexr shift; and

days per week.
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SPEGIFIGATIONS FOR EYEPIECE GRATICULE AND CALIBRATION

1. SPECTFICATIONS OF EYEPIECE GRATICULE, ORDERING INFORMATION AND
CALIBRATION

The Waltoﬁ-Beckgtt graticule described in this method is available from:

GRATICULES LIMITED
SOVEREIGN WAY —
BOTANY TRADING ESTATE
TONBRIDGE

KENT

ENGLAND

TN9 1RN,

A technical description of this graticule can be found in a paper in the
Annals of Occupational Hygiene(l . C

The desired diameter (d) of the circle to appear as 100'1 2 micrometres in
the image plane (D) and the overall 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, - @ ~ -

To expedite manufacture of ‘made to order’ graticules so. as to avoid delay
and keep down prices, graticules should be ordered in bulk if at all
possible. In most cases individual invoices and deliveries can be’ arranged
on a single bulk order if requested.
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FIGURE 2

Walton-Beckett graticule for
evaluating fibrous dusts
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The folldwing procedure 1s one of several methods  for deterﬁiningl_thé;'
diameter of the circular counting area: ‘ - R R

1.

Inscrt any available gratieule into the eyepiece and focus sa that i:hé '
graticule grid is sharply in focus.

Set the appropriate interpupillary distance and, if applibablé, reset
the binocular hedd adjustment so that the ‘tube' length (and thus
magnification) remains constant. : . '

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

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

Measure the overall object length (ly) of the graticule grid; using the
stage micrometer.

Remove the“graticule from the microscope and measure its actual overall
grid length (15). This can be done by using a stage fitted with
verniers. ' '

Use the following equation:

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

It is also necessary to specify the overall diameter of the glass disc as
detalled by each microscope manufacturer.

EXAMPLE:

Step 5 produced an object length of a Porton graticule of 108 micrometres

Step 6 produced an actual length of 4.50 mm

Step 7: 4.50 x 0.1 = 4.17

0.108

For this example, the graticule diameter was found to be 17 wm. Thus a 17
mm diameter, Type (22 Walton-Beckett graticule of circle diameter 4.17 mm,
should be specified for the above example.
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2. CALIBRATION OF EYEPIECE GRATICULES

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

2, Make sure interpupillary distance of eyepieces is set correctly,

3. Note the objective magnification and any intermediate magniﬁcatlon
used.
4, Focus the microscope on te the graduated marks of the stage micrometer,

5. Line up the eyeplece graticule with the graduated divisions on the
micrometer so that the number of whole micrometer divisions can be
counted from one side of the eyeplece graticule graduations te the

other.

6. If less than a whole division remains, estimate this fraction to the
nearest micrometre and add to the nu.mber of whole divisions of the
stage micrometer after converting to micrometres.

This totallad result 1s the projected or object dimension of the
eyeplece graticule.

EXAMPLE:

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

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

FIGURE 3

Note that 10 whole divisions span across the graticule, that is,
10 x 10 micrometres.

3. The remainder of the llth division 1s estimated as being one-thixd of a
whole divisgion, that is, three micrometres,.

Adding these together yields 103 nlliicrome.tres, which 1s the object
dimension of the oyepiece graticule. :

NOTE: That if the interpupillary distance, objective, intermediate
magnification, or even in some microscopes the eyeplece is changed, then
this ugually changes the objact dimension of the eyepilece graticule, thus
necessitating recalibration.
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DETECTION LIMIT TEST.SLID

The recommended Health ‘and Safety’ Executive/Natioc
detection limit test slide (Mark II) for use in phasa
available from: '

PTR OPTICS

UNIT D9

CROSS GREEN APPROACH

CROSS GREEN INDUSTRIAL ESTATE
LEEDS

YORKSHIRE

UNITED KINGDOM

1. DESCRIPTION

The standard test slides consist of epoxy replicas of a Master Slide
produced and certified by the National FPhysical Laboratory in the United
Kingdom. The replicas are mounted on a 76 x 25mm glass slide which is
either 1.2 or 0.8mm thick. The slide is covered by a coverslip 0.17 mm
thick with a layer of another resin with a different refractive index in
between. ‘ ’

The test objects consist of a series of seven blocks of grooves of length
8.5mm filled with a resin 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 micrometres wide.
A set of four deep marker grooves 1s placed on either side of the array and
a further two sets of two merker grooves spaced at an interval of 120
micrometres intersect the array at right angles. The zone of the test
objects to be used is delineated by the rectangle bounded by these marker
grooves. This zome ‘can easily be located, as the field of view in which it
is found is engraved on the coverslip. This is illustrated in Figure 4.

The widths of the grooves within each block and the calculated phase change
(in degrees) associated with the maximum path difference in the light rays
passing through the test objects are in Table 7.

2, METHOD OF USE

Set up the microscopes for phase contrast microscopy as recompended for the
membrane filter method, :

Locate Block 1 (the coarsest get) of the test objects and move the slide to
observa adjacent blocks. Determine the block of the finest grooves that can
be seen. It is unlikely that all seven blocks of grooves will be detected
using optical phase contrast techniques, -even on the best research
microscope. On .the basis of present informatjon, a satisfactory system will
detect Block 5.

Full details are supplied with the slide.
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TABLE 7

WIDTHS OF TEST OBJECTS AND CALCULATED MAXIMUM PHASE
CHANGE INDUCED IN LIGHT RAYS PASSING THROUGH TEST OBJECTS OF
‘HSE/NWPL TEST SLIDE :

Block Number Groove Width ‘ 'Maximﬁm Caleulated Phase
(micrometres) Change _
© 7 (in degreés) for light rays*

1.08 _ A 6.6

1

2 0.77 ' : 4.7

3 0.64 S 3.9

4 0.53 32

5 0.44 S - 2.7
6 0.36 2.2
,

0.25 1.3 )

*wavelength = 530 nanometres passing through test 6b_1_ecr.s.

FIGURE 4

HSE/NPL Test silde for
phase contrast microscopy
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APPENDIX G

MIGROSGOPE ADJUSTMENT PROCEDURE

Good quality phase contrast microscope equipment should be used as detailed
in Section 5.2. The - equipment should be maintained 1ia firsc-class
condition. Most manufacturers operate a routine maintenance‘ service which
includes the stripping down and cleaning of all optical components and the
replacement of worn traverse mechanisms. Such services should be used
unless gkilled maintenance services can be provided by counting. labératory
staff.

In general, 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. Place membrane filter specimen slide on microscope stage.

2. Open both the illuminator diaphragm (often referred to as the field
iris) and the substage condenser diaphragm. (Wote: at this stage, the
phase annuli should not be .inserted. These are usually based in a
rotating drum fitted into the substage condenser umit.)

3. Ralse condenser to its upper limit, usually within 1 mm of lower face
of specimen slide.

4. Using a convenient level of illumination and 10X objective, focus the
specimen.

3. Close down the illuminator diaphragm and focus this in the field of
view by lowering and railging the condenser, Centre the diaphragm and
re-open to £ill the field of view.

6. Observe the back focal 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.

7. Observe the image of the bulb (removing the diffusing disc if one is
fitted) and centre the bulb £filament, focusing the bulb if possible
with the adjustment provided. The image of the bulb filament should
fill the back focal plane of the objective. Re-insert the diffusing
dise if appropriate. (Note: if the bulb camnnot be focused, adjust to
give uniferm bright illumination.)
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10.

11.

Insert the correct phase annulus into the condenser system and centre
this, using the appropriate adjusting screws so that the phase plate in
the obiective and the image of the annulus coincide axactly. Siightly
adjust the condenser focusing if this is necessary. Ensure that the
bright annulus image does not extend beyond the phase ring.

Revert te normal viewing and change to 40X objective with no phase
annuli in the condenser system. Close down the field diaphragm and
re-focus this by appropriate adjustment of the condenser. Re-centre if
necessary and re-open to f£ill field of view.

Repeat stages 6 and 8 after inserting the phase annulus appropriate to
the 40X objective.

Revert to normal viewing.
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1. Single Fibres

Two adjacent fibres which can be

should be counted as such.

3um

3um

m:ngnaw ‘ ;
T

| ——
3um
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1 respirable fibie:

1 respirable fibre, the diameter
being measured at widest point

1 respirable fibre, all objects
should be counted, provided they
conform to the respirable fibre
definition

This should be counted as 1
respirable fibre

1 respirable fibre: ignore the
'bulb’ of resin when assessing the
diameter

This should not be counted because

its aspect ratlie is less than 3:1

clearly resolved as separate fibres

2 respirable fibres




2. Split Fibres

Split SMF ocecur infrequently but should be assessed as if rhey were
single fibres,

-« langth 5';_"
o a.
MW'“’“’-m
et 1 respirable fibre
3um

2 fibre ends, split counted as 1 end

3. Grouped Fibres

When several fibres cross or iIntersect and the individual component
fibres can be easily distinguished, each fibre should be counted
separately according to its geometric dimensions.

This should be counted ag 3
respirable fibres

When crossed fibres form a clump and cannot be easily separated the
whole clump should be ignored

No fibres shoﬁld be counted

2 respirable fibres

4., Attached Particles

Fibres in contact with particles should be counted as If the particles
were not attached to the fibres

—«— longth —» 37_,,_“'

This should be counted as 1
respirable fibre
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The following are examples of the use of these rules.
This fibre should not be counted
This should be qounted as 2 fibres

Thigs should be counted as 1 fibre

5. Fibres Crossing the Graticule

A fibre totally within the graticule should be counted as 1 whole
respirable fibre.

100-um Walton-Beckett 1 fibre
graticule

If the fibre crosses the perimeter of the graticule, each end within
the area should be counted as 1/2 a fibre,

1/2 fibre
Fibres which pass through the graticule and have no ends within the

area should not be counted,

Zero fibres
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APPENDIX I

EXAMPLE OF A FIBRE COUNTING RECORD

Date
Name ol jobe e e mccc e re e e e ——————
-1 Pump No.
Filter No.
Location ol 8amMple cwceececenrren-- P LTy
______________________ o 2 o e Flow
Additional ReMAarkS. - wwcwcmceccmer————————— ———— Time of
om0 o e o o Time on
e m————— e G . ————————— - e Total tima
ToTTTEmEEEEEE T TToEmemmsmmesseEeeemT Sample 1aken by
|"MBU‘LSEQNF« 3 4 5 8 7 8 6 10 11 12 13 14 15 16 17 18 .16 20 TOTAL
Fibres .
(LT A R SEpR PEPES S I AR SO [ PR P QU [P AU AN NN PRI RS SN E P
Accum,
Total
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 38 37 38 39 49
Flbres
Par Eistd P D R R T TR T e TR PR e P R PR DR Y PR R TR P P R
ecum. )
Total
41 42 43 44 45 46 47 4D 49 S50 51 52 53 54 55 56 57 50 53 66
Fiores ;
P.' Fi.'d - - LI L L X W 1 ] - e - L L TR W R R R R R Dy X RN R D R
Accum,
Toral )
61 €2 B3 64 B85 B8 67 B8R BG 70 71 72 73 74 75 78 7?7 78 Q4 8O
Flores
LT i S U (RPN (R Ryl EVHS W PP UGl [PUPUY IQUIpEN Sl AEVEOS (DU UG AN SPUUIN DURPR MpSpuyse,
Accum,
Tolal
100

A simplified formula for calculating dust concentration Is:

Dust concantration C = 1000 x Mo.olfibies ™, effeclive filler dismeter(mm) squared 1
No. of fields graticule diamater{um) squared volumetl)

X

C—1 |
cal Jlibrewmt

ISmpio analysed by !Dm I Chacked

. . .
Cew 1()09}(“':“"'_'|
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(1) FILTERS

Membrane filter (mixed ester eellulose),.zs i diamate
um, with grid. Some manufacturers include'

Gelman Sciences Inc.. Type GN4 {gridded):
Nuclepore cellulosic white gridded;
Millipore Corp., Type MF (gridded); and
. Sartorius, mixed cellulocse esters.
(2) SUPPORT PADS
Millipore Corp
Nuclepore Corp
(3) FILTER HOLDER AND COWL
Some cowls are supplied with an end plece which has a small opening of
approximately 3-4 am in diameter. These end pleces must be removed during
sampling such that a large opening approximately the size of the effective
filter area is used.

(a) Filter Holder, 25 mm dlameter.

Supplier:
Gelman Sciences Inc., Product No, 1107

A cowl must be used with the Gelman Filter Holder. If cowls are not
avalilable directly from Gelman, figures 5 and 6 give details of
alternativa_cowls that can be made to order.

FIGURE 5 FIGURE 6

33-44 ) 66-88
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(b) Filter Holder (monitor), 25 mm diameter.

Supplier:
Nuclepore, Stock No. 300015 (3-piece cassette including 50 mm cowl)
Refer figure 7.

Nuclepore, Stock Na. 300075 (3-piecelcassette including 50 mm cowl -
manufactured with electrically conducting [anti-static] material).

Supplier:
Millipore Corp, Order No. MOO0025A0 (3-plece cassette). An anti-static

cowl (order no. MOOO025R0) should be used with the cassette. Refer to
figure 8.

FIGURE 7 FIGURE 8

—IE e

(4) PUMES

Sampling pumps used for estimating airborne fibres should be capable of
malntaining the appropriately chosen flow rate within + 10% for the entire
sampling duration. Pumps with automatic flow control facilities are
recommended. Because performance characteristics of field sampling pumps
can vary considerably, reference should be made to experiemced laboratories
for selection of pumps for specific sampling applications.

When sampling in exglosive gas or dust atmospheres as defined in Australian

Standard AS 2430(13), ensure that the sampling pump meets the requirements
of Australian Standard AS 2380(14).
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