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Foreword

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

The proced e ) d e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

4. ISO shall not be held responsible for identifying any or all such patentirights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, fis well as information about ISO’s adherence to the WO principles in the Technical Bafriers
to Trade (TBJI') see the following URL: Foreword - Supplementary information

The commitflee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC 2, Workplace
atmospheres

This second pdition cancels and replaces the firstedition (ISO 8672:1993), which has been techrfically
revised. Thid second edition provides additional‘quality assurance procedures.
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Introduction

The concentration of optically visible airborne inorganic fibres can only be defined in terms of the
results obtained with a particular measurement method. Moreover, experience has shown that different
laboratories, using the membrane filter optical counting method, can obtain different results on the
same sample, even when the laboratories appear to be working from a written version of the method
which attempts to specify all variables.

Because of the unusual operator-dependence of the membrane filter method, it is important to apply
this method with care and use it in conjunction with a quality control scheme. The second edition of this
International Standard provides for additional quality assurance procedures

© IS0 2014 - All rights reserved v
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Air quality — Determination of the number concentration
of airborne inorganic fibres by phase contrast optical
microscopy — Membrane filter method

1 S

cope

This
inorg
atmo

[nternational Standard specifies the determination of the number concentration
hnic fibres by phase contrast optical microscopy using the membrane filter methed
pheres, as defined by the counting criteria given in 6.5.4.

of airborne
n workplace

nent and are
For undated
ies.

cal agents —

dards D7200-

| formamide-

2 Normative references

The fpllowing documents, in whole or in part, are normatively refereficed in this docury
indispensable for its application. For dated references, only the edition cited applies.
refergnces, the latest edition of the referenced document (including any amendments) app
ISO 1B137, Workplace atmospheres — Pumps for personal sampling of chemical and biologi
Requirements and test methods

3 Terms and definitions

For the purposes of this document, the followingterms and definitions apply.

NOTE Terms specific to this document are*defined, in addition to those found in ASTM Stan
12,[6] European Standard EN 1540.[Z]

31

reference slide

slide prepared from a field sample)by the acetone-triacetin method (Annex A) or the dimethy
Euparal method (Annex B) with a non-gridded cover slip that is to be used in a long-term quality control
scheme

Note 1 to entry: For thé-inventory of reference slides, they should be selected from a previous p

of sanjples for which.the mean and variability have been historically established. They should alj
samples with varying fibre densities, and if available different fibre types. Reference slides should
filter integrity periodically and replaced if necessary.

3.2
breat

hing zone

repared bank
o comprise of
be checked for

“rAaundtha RES

nd
e

space

a
oot ot o st

Note 1 to entry: Technically, the breathing zone corresponds to a hemisphere (generally accepted to be a 30 cm
in radius) extending in front of the human face, centred on the mid-point of a line joining the ears. The base of
the hemisphere is a plane through this line, the top of the head and the larynx. This technical description is not

applic
3.3

able when respiratory protective equipment is used.[Z]

countable fibre
any object having a maximum width less than 3 pm, an overall length greater than 5 pm and a length to
width ratio greater than 3:1.
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3.4

occupational exposure limit value

limit of time-weighted average of the concentration of a chemical agent in the air within the breathing
zone of a worker in relation to a specified reference period

Note 1 to entry: Limit values are mostly set for reference periods of 8 h, but can also be set for shorter periods or
concentration excursions. Limit values for gases and vapours are stated in terms independent of temperature and
air pressure variables in ml/m3 and in terms dependent on those variables in mg/ m3 for a temperature of 20 °C
and a pressure of 101,3 kPa. Limit values for airborne particles and mixtures of particles and vapours are given in
mg/m3 or multiples of that for actual environmental conditions (temperature, pressure) at the workplace. Limit
values of fibres are given in numbers of fibres/m3 or number of fibres/cm3 for actual environmental conditions
(temperature, pressure) at the workplace.[Z]

4 Generdl method description

A sample is ¢
battery-pow
from an opa
sized and cg

ollected by drawing a measured quantity of air through a membrane filtér by mear
bred sampling pump. The entire filter or a portion of the filter (wedge) islater transfq
Hue membrane into a homogeneous optically transparent specimen=\The fibres are
unted using a phase contrast optical microscope. The result is expressed as fibrg

sofa
rmed
then
S per

blume
ry to
tional
sonal

cubic centim
of air sampl
assess perso
environment
exposure to

etre of air, calculated from the number of fibres on the filter and the measured v
ed. The method is applicable for routine sampling and sample evaluation necessz:
hal exposure to fibres and implement control measures of their presence in occupa
s. The method is applicable for routine static samplihg and measurement of pej
ibres.

4.1 Limitations of the method by particle type

This method
be restricted

cannot identify the composition or charactefistics of particular fibre types and its us¢ shall

to workplace atmospheres where the predominant fibre types are inorganic.

ticles
n the
rizing

The use of th]s method also haslimitations when applied to samples containing platy or acicular pat
and consequiently it should not be implemented without prior knowledge of the fibres present
workplace afmosphere. There are a variety of’analytical methods which can be useful, e.g. pola
light microsdopy, electron microscopy.

4.2 Limit pf visibility and detection limits

ntrast
s and
bosed
has a
to 1,5
nting

a)
-

This procedyre cannot enumerate'thin fibres whose width is below the limit of visibilty by phase co
optical micrgscopy. The limit varies according to the refractive index contrast between the fibre
the mounting medium, and-the phase-shift of the microscope. The triacetin mounting medium pro
in this meth¢d has a refractive index of approximately 1,45, and the Euparal mounting medium
refractive inglex of 1,48/In workplace atmospheres, fibres with refractive indices in the range of 1,4
might occur.|As thevelatively small refractive index difference between these fibres and the mov
media might|not be sufficient for them to be visible, this mounting media might not be appropriat

Previously published method limitations of 0,2 pm or 0,25 pm width limits are conservative consensus
values. Practical studies have indicated the ability of a microscope properly adjusted to detect chrysotile
fibres of 0,15 um width[11] and Amosite fibres of 0,062 5 pm width.[12] These results suggest crocidolite
fibres can be detectable at 0,05 pm width. Fibres with smaller widths can be detected under the electron
microscope, but large differences in results sometimes observed between the two methods are more
likely due to undercounting fine fibres under phase contrast microscopy (PCM) than to the presence
of substantial numbers of fibres that can only be seen under the electron microscope. The quality
assurance procedures in this International Standard are used to identify and resolve several types of
counting errors under PCM.

With the parameters specified in this method, the theoretical lower detection limit for a sample of 480 1
of air is 0,007 fibres/cm3. However, the limit of practical use is often 0,1 fibres/cm3 or higher. This is
because blank filters can frequently give a reading of several countable fibres per 100 graticule areas.
These “fibres” are contaminants on the filter, or artefacts from the clearing process which have the

2 © ISO 2014 - All rights reserved
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appearance of fibres. Neither counting more fields nor increasing sampling duration overcomes the
problem of background dust, when fibres are a minor constituent of the dust cloud. In relatively clean
atmospheres, such as cleaned enclosure after asbestos removal (clearance sampling), the expected fibre
concentration is < 0,01 fibres/cm3, larger sample volumes (>480 1) are required to achieve quantifiable

loadings.

4.3

4.3.1

count
of the

In red
wher
toah
and t
qualit
fibrot

4.3.1

The djistance between the cowl opening and the filter, plane should be between one and a h

two t
to the

The ¢

shall

Due t
The

memlﬂﬁ‘ane.

4.3.1
requi
and *

Altho
insta
foral

Apparatus and equipment

Sampling equipment

d a diameter of 25 mm are preferred with, or without printed grids (printed grids
er to focus easier on the plane containing the fibres, but the lines of the grid can.gbstru
fields of view and interfere with the counting so that these fields must be aveided).

ent years, problems have been observed with portions of batches of mixed cellulose
e the porosity is not evenly developed over the filter. Areas of the filter without porag
gh pressure drop resulting in premature pump failure, areas of thefilter without fibr]
ne appearance of cracking in acetone-triacetin mounts.[13] It is mecessary to pay att
y of filters in order to avoid these problems. In addition, each batch of filters should
|s contamination as described in 5.4.

2 Open-faced filter holder fitted with a protective cowl.[14]

mes the internal diameter of the cowl. The internal diameter of the cowl should be :
exposed diameter of the filter but not more¢than 2 mm greater.

be thoroughly washed before re-use:

b the design of the filter support utilized in some filter holders, a supporting pad sh
rpose of this supportingpadis to ensure an even distribution of air passing through

3 Sampling pump) capable of giving a smooth flow and having flow set to within
red flowrate, and-of maintaining this flowrate through the filter to within +10 % for floy
b % for flowrate’> 2 1/min during the period of sampling.

gh somfe pumps are equipped with pulsation dampers, an external damper migh
led between the pump and the collecting media. Personal sampling pumps shall meg
[ype.P pump as detailed in ISO 13137.

n or less pore
tan allow the
ct all or parts

ester filters,
sity can lead
es deposited,
ention to the
be tested for

alf times and
it least equal

pwl helps to protect the filter from accidental contamination. A conducting cowl is preferred to a
plastic one because of the possible risk of fibre loss due to electrostatic charge. Filter holde

rs and cowls

buld be used.
the primary

* 5 % of the
vrate 2 1/min

t have to be
t the criteria

4.3.1.

4.3.2

4 Connecting tubing, constriction-proof and the connections shall be leak-proof.

Microscope equipment

Because microscopes with identical “specifications” can give quite different performances, itis necessary
that the performance of the proposed and existing microscopes be assessed by means of a detection
limit test slide. Provided this criterion is met, small departures from the recommended specifications in
items 4.3.2.4 and 4.3.2.5 are permitted. The necessary specifications are as follows.

4.3.2.1 Light source-Kohler or Kohler type illumination. It is preferable for the illuminator to be
built-in with a variable light intensity control.

© IS0 2014 - All rights reserved
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4.3.2.2 Substage assembly, Abbe or achromatic phase contrast condenser incorporated into a
substage unit.

There shall be a means of centering each condenser annulus with respect to the phase plate in the
corresponding objective, and also a means of focusing the condenser.

4.3.2.3 Stage, a built-in mechanical specimen stage fitted with slide clamps and x -y displacement.

4.3.2.4 Objectives, a rotating nose-piece fitted with 10X and 40X parfocal phase contrast achromatic
objectives.

The 40X objelctive shall have a numerical aperture (NA) between 0,65 and 0,75. Tt shall have a phask ring
of absorption not less than 65 % and not greater than 85 %.

4.3.2.5 Binocular eyepieces, chosen to give a total magnification of 400X to 500X.

At least one pyepiece shall permit the insertion of a graticule. The compensating and focusing type is
recommenddd.

4.3.2.6 Graticule (Walton-BecKkett or RIB),[15] the diameter of the graticule'in the object plane,|when
using the 40X phase objective and an appropriate eyepiece, shall be 100,£2 pm.

4.3.3 Accepgsories

4.3.3.1 Centering telescope or Bertrand lens, for checking that the phase rings in the condensgr are
centred with|respect to those in the objectives.

4.3.3.2 Gre¢en filter, to ensure the best phase contrast conditions because the optics are designgd for
this wavelength.

4.3.3.3 Stage micrometer, with 1 mm divided into 0,01 mm divisions.

4.3.3.4 Scdlpel holder and Disposal blades, #10 or #22 surgical steel, curved blade.
4.3.3.5 Tweezers, fine point,

4.3.3.6 Ace¢tone vaporizer, to clear mixed cellulose filters.

4.3.3.7 Hypodermicsyringe, with 22 gauge needle or disposable micropipette.

4.3.3.8 Pre¢-cleaned microscope slides, of approximately 76 mm x 25 mm and 0,8 to 1,0 mm thjck.

4.3.3.9 Cover slips (without grids), 22 mm x 22 mm, 0,16 to 0,19 mm thick, e.g. No. 1-1/2 or as
specified by microscope manufacturer. Larger cover slips are necessary to cover a whole 25 mm diameter
filter.

4.3.3.10 Phase contrast testslide, HSE/NPL Mark Il or HSE/ULO Mark Il where the certificate includes
reference to at least one block of lines that should not be visible (see 6.4).

4.3.3.11 Relocatable cover slips, each cover slip has 2 grids and 2 logos which help to orient the cover
slip.

Each grid has 140 viewing fields, each of which is approximately 100 pm in diameter. The viewing fields
are arranged into 14 columns and 10 rows. With proper orientation, a letter appears on the top and
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bottom of each column and a number appears on either side of the rows. Thus, each viewing field is
identified for relocation.[2]

4.3.3.12 Standard relocatable test slides, prepared from different types of asbestos and inorganic
fibres with different matrix background by the dimethyl formamide/ Euparal method.[]

There should be no fibre migration observed in these slides for more than 5 years.[8] Other clearing and
mounting procedures can be used if no filter migration is observed over the term of use.

They can be prepared from a proficiency test filter from the Proficiency Analytical Testing program
(PAT) of the American Industrial Hygiene Association’s (AIHA) Laboratory Quality Programs.[8][2]
The f ltcx Ul fl}tcl VVCdsC ;D L}Cal Cd Cllld lllUullth b)’ thl: duucth_y} fUl lllalll;dc Euyal Cll 111 thod With a
relocatable gridded cover slip (Annex B). The fibres visible in each grid opening have beewiflentified and
their Jocations marked on a drawing of each opening. The identity, number and position |of each fibre
have peen verified by a second counter.

4.3.3{13 Disposal gloves.

4.3.3{14 Thermostat-control hotplate or drying oven.
4.3.3{15 Thermometer, 0 °C to 100 °C.

4.3.4| Reagents

4.3.4{1 Dimethyl formamide, reagent grade.
4.3.4)2 Glazier acetic acid, reagent grade.
4.3.413 De-ionized water.

4.3.444 Euparal resin.

4.3.4)5 Acetone, reagent grade:

4.3.4)6 Triacetin, reagent grade.

4.3.4)7 Lacquer.ornail polish.

4.4 |Mouting media

Acetone=triacetin is the mounting medium most often used (see Annex A). However, fibre migration
can oCCUT Over time when excess triacetin 1s used. While this does not aifect the analysis of routine
samples and it might not affect the count concentration over time, it does restrict the ability to perform
quality checks by re-examining the same areas. This problem can be controlled by using an appropriate
amount of triacetin. However, the visual quality of the slides made with triacetin also deteriorates in
about 12 months. Therefore, for permanent slides, the dimethyl formamide-Euparal mounting method
(see Annex B) should be used. No fibre migration or visual quality deterioration has been observed in
slides more than 5 years old.[8] Fibre counts are not affected by using Euparal in place of triacetin,[9]
[16] and have also been shown to be equivalent to fibre counts using the dimethyl phthalate-diethyl
oxalate method which was used previously for samples that were instrumental in the development of
risk assessments.[16]

© IS0 2014 - All rights reserved 5
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4.5 Quality assurance

Subjective recognition and counting of fibres results in greater uncertainty compared to other analytical
procedures so that particular attention must be paid to quality control measures. Slides are available,
made from proficiency test filters from the PAT of the AIHA’s Laboratory Quality Programs.[8][2] Each
slide has been mounted with a permanent Euparal medium and covered with arelocatable gridded cover
slip. The fibres visible in each grid opening have been identified and their locations marked on a drawing
of each opening. The identity, number and position of each fibre has been verified by a second counter.
These slides are referred to in this International Standard as standard relocatable test slides, and they
are applied in various ways to improve and assess the quality of fibre counts. The laboratory should also
maintain an inventory of reference slides, being slides of field sample with varying fibre densities (and,
if available, anged

L —tal - Sl 1.1 1 +1 £ 1.1 h N 1 1. PR I | 1
HHICICTHOUTIDIT LY DTS ). THE IdUCTLS UINUIT TTITITIICT STTUCS dIIU STAITUAdTI U LES T SITUTS dT'C LI

periodically po that the counter does not become familiar with the slides. The following quality\¢pntrol

measures shall be applied on each day that field samples are counted:

a) Examindtion of a standard relocatable test slide. The fibres in each designated field‘are’countdd and
the courlts referred to the accompanying slide descriptions. Counters shall obtdin a discrepancy
score of more than 50 before proceeding (6.4). If a score of 50 or better is not-achieved, the cqunter
should re¢view the slide descriptions to determine the cause and then attempttorectify the sityation
by repeating the microscope set-up or re-training the counter.

b) Counting of a reference slide.

c) Re-counting of 10 % of sample slides. Prior to re-counting, the.slide is relabled by a person|other
than the|counter.

h this

Prior to cou
Internationa
Training on k
of successful
a discrepanc

hting field samples, all counters should be traified in the techniques contained i
Standard. Documentation of such training shall be maintained by the counter or labor]
oth chrysotile and Amosite is the minimum requirement for asbestos analysis. Comp
training shall be documented through theé-analysis of standard relocatable test slide;
y score greater than 50 in each.

The followi

rejected because of possible bias. The sample-is to be discarded if the absolute value of the diffe
between the|square roots of the two counts (fibres/mm?2) exceeds 2,77(X)S’,, where X = average
square rootg of the two fibre counts_(fibres/mm?2) and S’y = half of the intracounter relative sta
deviation, which should be derived by each laboratory based on the analyses of reference slides.[1

Further elen
to 6.3. Addit
available, an

5 Sampling

g test is performed to determine whether a pair of counts on the same filter shot

ents of quality contpol, such as microscope set-up and calibration are detailed und
onal quality contbol measures such as participation in a proficiency test program, \
l sharing slideswith other laboratories to compare counting might also be useful.

atory.
letion
with

1ld be
rence
of the

hdard
7]

br 6.2
where

5.1 Flowr

fe

For workplace atmospheres, the flowrate for personal sampling shall be adjusted to approximately
0,51/min to 16 1/min. The adjustment of sample density to the range specified in 5.2 should be done by
adjusting sampling time as in 5.5. The flowrate shall be checked at least before and after sampling. If the
difference from the initial flowrate is >10 % for flowrate 21/min and 5 % for flowrate >2 1/min, the sample
shall be rejected. If an external flowmeter is used to determine the flowrate of the pump, care shall be
taken to ensure that the flowmeter does not cause unknown changes to the flowrate. Measurements
of the “sampling train” flowrate using a soap-film flowmeter with and without the external flowmeter,
is one satisfactory method of determining any change in flowrate. The flowmeter used shall be able to
measure flowrate to an accuracy within +5 % of the true flow (95 % confidence limit).

For low concentration sampling, flowrates and sampling times are adjusted to obtain optimum fibre
loading on the filter. The collection efficiency does not appear to be a function of flowrate in the range of
0,51to 16 1/min for asbestos fibres.[18] However, it has been shown that the counts produced might be
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a function of fibre density such that fibre densities below 100 fibres/mm?2 can be subject to bias,[19] and
that even in the range 100 fibres/mm?2 to 1 000 fibres/mm?2 samplers operating at different flowrates
can give different counts.[20]

For clearance sampling, the air should be relatively fibre free so that itis nearly impossible to collect the
recommended fibre loading on the filter (5.2). The flowrates and sampling times are adjusted to collect
enough sampling volumes to get to the desired fibre densities or required limit of detection (Tables 1

and 2).

5.2

5.2.1

The 1
Waltd
to lov
gratid

The ld
limitg
5.2.2

The f
field g
to an

can

Acceptable fibre loadings on filters

Minimum loading

hinimum filter loading should be greater than 100 fibres/mm? (i.e. approximatel
n-Beckett graticule field). In special circumstances (e.g. in clearance sampling), it is
fer the acceptable fibre loading to 20 fibres/mm? (i.e. approximately 0,15 fibres/W3
ule field).

wering of the acceptable fibre loading gives, at best, barely acceptable coefficients of v
tions described in 4.2 should also be considered when measuring very low fibre con

Maximum loading

Iter loading should not exceed a maximum of appreximately 650 fibres/mm?2 (5 fib
veraged for all counted fields) for the majority of sampling situations. This might need 1
average of about one fibre per graticule field whén mixed dusts or agglomerates are

spmetimes be doubled when only fibres are present. Average filter loadings exceedi

y 0,8 fibres/
permissible
[ton-Beckett

ariation. The
entrations.

res/graticule
obereduced
present, and
ing 5 fibres /

gratiqule field tend to result in an under estimation and should be treated with caution.

5.3 |Storage and transport

Filterf should be transported in closed holders which should only be opened immediately before use and

sealedl immediately afterwards.

5.4 |Blanks

are 3 types of blanks:

lter batch blafik = for each new batch of filters to be used for sampling, prior to sampling, select
filter for every 25 filters for analysis as a normal sample for quality and backgrpund fibrous
bntamination. If the blank yields fibre counts greater than 5 fibres/100 graticule fields, the cause
for contamination should be investigated or reject the entire batch of filters.

b) taken to the

Fjeld blank - from a satisfactory batch of filters, select 1 filter for every 25 filters to beg
stnphigaresahd-thepanalysedasahormatsample wHhed et acedimmediately
and without having air drawn through it, or having been attached to the worker. If this “blank”
yields fibre counts greater than 5 fibres/100 graticule fields, the entire sampling and analytical
procedure should be examined carefully to find the cause of the contamination.

<)

Laboratory media blank - from a satisfactory batch of filters, select 1 filter for analysis as a normal
sample if contamination due to laboratory sources is suspected.

A minimum of one field blank and one laboratory media blank should be analysed with each batch of
samples.

When the field blank count exceeds 5 fibres/100 graticule fields, and also exceeds 10 % of the actual
sample fibre count/100 graticule fields, the samples represented by the field blank are not considered
acceptable for assessment of worker exposure. However, the determination can be permitted by
regulations forindicating compliance with the exposure standard. For example, if the estimated exposure
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is less than that permitted fibre concentration even with the contamination, this is a conservative
estimate of compliance.

EXAMPLE The fibre count of blank filter was 7 fibres/100 graticule fields (i.e. 0,07 fibres/fields) while the
sample yielded 20 fibres in 100 graticule fields. As the sample volume is 2 000 1 of air, the fibre concentration is
0,005 fibre/cm3.

Blank count _ 0,07100%
Sample count 0,20 (@8]
=35%
As the percentage exceeds 10 % and the blank count exceeds 5 fibres/100 graticule fields, the sample
is rejected fdr worker exposure assessment. The cause of contamination shall be found and corrgcted.

However, for] clearance testing, the sample is accepted as the estimated exposure of 0,005 fibre¢/cm3
complies with the clearance guideline of 0,01 fibre/ cm3.

For low sample counts as in the above example, blank counts must not be subtracted. It can be betjter to
use filters with low blank fibre counts of less than 2,5 fibres/100 fields. For elevated sample count$ as in
worker expopure assessment, blank counts may be subtracted and be properly negted.

5.5 Sample duration and volume

5.5.1 Single sample

Taking into dccount the filter loading considerations detailed in 5:2)the duration t, in minutes, fof each
single sampl¢ may be determined from using Formula (2):

A E 1 2
a Cdp 4
where
A is|the effective filter area, in square niillimetres;
a is|the graticule field, in square millimetres;

Cexp is|the average fibre concentration, in fibre per cubic centimetre, expected to occur during
the single sample duration;

E is|the required filteploading, in fibres per graticule field;

q is|the flowratefin cubic centimetres per minute.
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Table 1 — Single sample durations

Expected fibre tmind trecommended® tmax©
concentration
0,1 3,3h Full shift Full shift
0,5 40 min 3,0h 8,0 h
1 20 min 1,5h 4,0h
2 10 min 45 min 2,0h
5 d 20 min 1,0h
10 d 10-mria 36-min
20 d 10 min 10'min
a QM fibres/graticule area is equivalent to 50 fibres/mm?2.
b 2fibres/graticule field.
¢ 5fibres/graticule field.
d  S3mpling periods shorter than 10 min are not recommended.

To provide guidance on the selection of single sample duration, Table A\}ists recommended gingle sample
duratfons based on 2 fibres/graticule field. If it is not possible té«use these values, the njinimum and
maximum durations allow a choice to be made while still remaining within the constrajnts of 5.2. If
the cqncentration is not known and the objective is compliance sampling, the single sampling duration
shoulf preferably be that recommended for the appropriate limit.

5.5.2

Clearance sample

The lgw expected fibre concentration requires adjusting the sample duration and sample volume. Table 2
lists gxamples of limits of detection and quantitation are calculated from Formula 2.

Table 2 — Examples of Fibre Densities and Limit of Detection (LOD)

Fibre density on filtera Fibre concentration in air, fibres/cm3

Fibrep per 100 Fibres/mm?2 5001 air sample |1000 lair sample {2000 1 air sample [3000 1 air sample
gratidules

200 255 0,20 0,10 0,05 0,033

100 127 0,10 0,05 0,025 0,017

80 102 0,08 0,04 0,020 0,013

50 64 0,05 0,025 0,012 0,008

25 32 0,025 0,012 0,006 3 0,0(1)4

20 25 0,025 0,010 0,005 0,04)3 3

10 1277 6,610 6,005 6;002-5 0,061 7

8 10,2 0,008 0,004 0,002 0,001 3

5 (LOD) 6,4 0,005 4 0,002 5 0,001 2 0,000 8

a  Assume 385 mm? effective filter area and graticule field = 0,007 85 mm?2 for relatively clean (few particulates aside
from fibres) filters.

5.6 Sampling strategy and records

Exposure measurements of inorganic fibres such as asbestos are carried out to meet the following

objectives:

a) toassessexposure relative to a regulatory exposure standard or occupational exposure limit value,
and to enable better control measures to be implemented;
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b) to provide estimates of exposure for epidemiological studies.

Sampling is conducted so that the results are representative of the worker’s exposure to fibres under
typical working conditions for a full shift. This may require taking multiple samples to cover the entire
shift.

A personal sample is taken within the worker’s breathing zone.[Zl[21] Usually the filter is fastened to the
lapel of the worker’s jacket with the cowl pointing downwards. The worker carries the pump on a belt
or in a pocket.

5.6.1 C(Clearance sampling

“Aggressive sampling”[14] is conducted in cleaned enclosure after asbestos removal. It requirés[using
forced-air equipment or brushes to dislodge free fibres and slow-speed fans to keep fibrescsuspended
during sampling. Static samplers with cowls pointing downwards are placed 1 to 2 m above|the flpor at
locations awpy from corners of the room and obstruction to avoid unusual air circulationpattern. The
number of sgmples per unit floor area is generally specified by regulations.[14]

5.6.2 Records

All data necepsary for the determination of the fibre concentration shall be récorded, as well as sanjpling
details. For gxample:

a) sampling strategy, conditions, and locations;

b) sampling media, equipment, and calibration;

c) name and contact information of each person responsible for the sampling;

d) microscgpe identification, resolution check and graticule calibration;

e) number pffields and fibres counted for each sample;

f) calculation of fibre count, upper and lower95 % confidence limits, and overall uncertainty;
g) name and contact information of each\person responsible for the analysis and reporting;

h) relevantflinformation and notes.

6 Evaluation
6.1 Sample preparation

6.1.1 Cleaning slides and equipment

. 1 111 . . 1 11 -
Clean CondlL OI15 SIIdIT OT I IHIUAITICU dU d1T LITTIES.

Clean slides with lens tissue or industrial paper tissue and lay them on a clean surface, e.g. lens tissue
sheet.

NOTE Some types of lens-tissue can produce small fibres which can contaminate the preparation.

Wipe the scalpel and tweezers with lens tissue and place them on a clean surface, e.g. lens tissue. When
mounting a series of filters, the mounting tools shall be wiped clean before dealing with each sample.

6.1.2 Cutting the filter sample

Place a wedge cut from the filter sample on a clean glass slide. All cutting of the filter should be done
with a scalpel using a rolling action. Do not use scissors. It is recommended that the wedge should be
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approximately one quarter of the filter. The entire filter may be mounted, although this procedure does

not allow for re-analysis in the event of failure in the clearing and mounting procedure.

6.1.3 Mounting the sample

The acetone-triacetin method[2] and the dimethyl formamide-Euparal method[] are given
and B.

6.2 Microscope adjustment principles

Microscope adjustments shall be a daily routine and recorded. Follow the manufacturer’s

in Annexes A

instructions

while[observing the following guidelines.

a)

e image of the light source shall be in focus and centred on the condenser-iris of
diiaphragm for true Kohler illumination.

b)
‘)

e object for examination shall be in focus.

e illuminator field diaphragm, or field iris, shall be in focus, centred on the sample
oply to the point where the field of view is illuminated.

d)
e)
f)

e phase rings (annular diaphragm and phase shifting eleménts) shall be concentric.
e eyepiece graticule shall be in focus.

dditional information is provided in Annex E.

6.3 |Eyepiece graticule calibration

Each
(Anng
micrd

combination of eyepiece, objective and_graticule shall be calibrated with a stage
X C). Should any of the three be changed, the combination shall be recalibratg

6.4 [Microscope/counter performance assessment

As mg
of mi
HSE/
block

ntioned in 4.3.3, a detection limit test slide is available which will assist in the regul

NPL test slide Mark-dl-shall be achieved,[14] while only parts of block 6 may be visiblg
7 should be visible\at the working magnification.

In thd NIOSH 740@méthod, blocks 6 and 7 of HSE/NPL test slide Mark II shall be invisible.]]

Thesq
HSL/
certif]

slides are' still widely used, but no longer commercially available and have been r
JLO, Mark III slides. Any of the variants of these slides can be used provided th
icate.states that at least one of the blocks of lines is completely invisible. The mict

scopes, calibrations will change forcobservers with different interpupillary distances.

a
croscope and counterperformance. A practical detection limit corresponding to bllg

the annular

and opened

micrometer
d. For some

assessment
ck 5 on the
b and none of

17]

eplaced with
e calibration
oscope shall

be a

f[companying

calibration certificate. The microscope shall be re-adjusted until this is so, or otherwise not used.[22]

Studies[81.191,[23] have shown that for counting Amosite fibres, the majority of errors are due to sizing.
For chrysotile fibres, the majority of errors are missing fibres due to oversight and result in a negative
bias. By examining standard relocatable test slides regularly, one should be able to identify these errors
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and improve on the quality of fibre counts. For each examination, a score is calculated from the number
of absolute discrepancies between the reported and verified fibres in each field as shown in Formula (3).

Score :[1 —

no. of discrepancies

}xlOO

no. of verified fibres

(3)

A counter should achieve a score of 50 or higher before being allowed to carry out fibre counting.[8]
Records of scores achieved by the counters should be kept to ensure their performance.

NOTE

The number of absolute discrepancies have been shown to be linearly related to the sum of counting

errors.[2] The positive discrepancies are mainly due to sizing extra fibres. The negative discrepancies are mainly

due to oversig

ht of fibres

Exchange of
participation]
results are b

6.5 Count

6.5.1 Low

Place the sligle with the label on the right hand side onto the microscope stage. Scan the entire

wedge area

The margin
loading of al
observed fiel
be rejected. |
If uneven log
report.

6.5.2 Grat

After a satis
plane in whi
be chosen at
will be found
slightly abov|
of the small d
within 3 mm

6.5.3 Laba
Care shall be

in a national or international proficiency testing program will help to ensufte-that]
ping generated.

ing and sizing fibres

power scanning

vith a total magnification using the 10X objective.

normally covered by the filter holder gasket shall*be free of dust and fibres. Thg
viewing fields should have similar appearances-with respect to total dust loading.
ds show marked differences in loading or gross aggregation of fibres or dust, the slide
Another filter wedge shall be mounted. If the'problem persists, the filter shall be rej

cule field selection

factory low power scan, chahgé the microscope objective to 40X phase and focus (
h the dust resides. Ensuré¢ that the phase rings remain concentric. Fields for counting
random throughout thelentire area of the filter wedge. Although most of the fibres an

e the surface. WhenrCounting and sizing, constant use of the fine focus is necessary be

epth of field ofa 40X objective (i.e. 2 um to 3 pm). Do not count fields that lie approxin
of the filter€dge or within 1 mm of the cutting line.

ratory.working conditions

taken'to provide a comfortable environment for fibre counting. An ergonomically des

chair shall be

standard relocatable test slides with experienced laboratories for comparisorL and

valid

filter

dust
If the
shall
bcted.

ding is not observed, proceed with the analysis and record such observation in thfe test

n the
r shall
] dust

on the upper surface of the filter, it will be necessary to focus below (e.g. up to 10 unp) and

cause
nately

igned

used with the microscope eyepiece situated atan appropriate hpighf for viewing Ex

ernal

lighting should be set at a level similar to the illumination level in the microscope to reduce eye fatigue.
In addition, counters should take breaks from the microscope every one or two hours to limit fatigue.

6.5.4 Counting criteria

a) Rejection of fields

If more than one-eighth of a graticule field is covered by an agglomerate of fibres and/or particles, the
graticule field shall be rejected and another selected. Such occurrences shall be recorded. Do not
report rejected graticule fields in the total number counted.

b) Number

12

of fibres and/or fields to be evaluated
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Record the number of the fields examined and the number of fibres. At least 100 fibres shall be counted

A

d)

f)

6.6

6.6.1| Single values

The fibre concentration ¢, in fibres per cubic centimetre, for each single sample duration, i
accorfling to Formula (4):

where

with a minimum of 20 graticule fields evaluated.

A countable fibre is defined as any object having a maximum diameter less than 3 pm, an overall
length greater than 5 pm and a length to width ratio greater than 3:1. Those fibres that are close to
5 um in length should be assessed by comparing them with the 5 pm bar outside the graticule field.
If the fibre is attached (or apparently attached) to a non-fibrous particle, it should be assessed as if
the particle did not exist; however, only the length of the visible part of the fibre is considered, not

the part obscured by the particle (except where a fibre passing through a particle can
continuous).Suitable pictures meeting the criteria d) to f) are given in Reference.[14]

ith only one end within the area shall count as half. An agglomerate of fibres wh
ore points on its length appears to be undivided but which at other points appears f
bparate strands is known as a split fibre. Any other agglomerate in which fibrés touch
hother is known as a bundle.

D W

Alsplit fibre is evaluated as a single countable fibre if it meets the definition in c), the di
neasured across the largest undivided part and not the split part.

Fibres in a bundle area are evaluated individually if they canibe distinguished s
drtermine that they meet the definition in d). If no individualfibres meeting this defi
diistinguished, the bundle shall be evaluated as a countablefibre if it as a whole meets t

Calculation of fibre concentration

A  isthe effective filter-area, in square millimetres (see Annex D);

d is the graticule.counting area, in square millimetres (see Annex C);
IV isthe total-number of fibres counted;

1 is thenumber of graticule fields observed;

i is'the flowrate of air through filter, in cubic centimetres per minute;

be seen to be

nntable fibre
ch at one or
o divide into
Or Cross one

hmeter being

hfficiently to
hition can be
he definition.

b determined

(4)

t  isthe single sample duration, in minutes.
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6.6.2 Time-weighted average values

When several samples of different sampling durations are taken, calculate the time-weighted average

concentration ctw, in fibres per cubic centimetre, from the single values as shown in Formula (5).

¢ s the single value of concentration, in fibres per cubic centimetre;

(5)

tj  isthe single sample duration, in minutes;
k  is the total number of samples.

If the single $ample durations, tj referred to above are of equal duration, Formula(5) can be simy
to Fomula (6):

z I;:1Cj

CTw =] K

7 Sourceps of errors and uncertainty

7.1 Genenal

Because of the nature of the membrane filter method;it is not possible to know the “true” airborneg
concentratioh of a given dust cloud. For this reason, the accuracy of the method is generally asg
relative to a consensus mean N among eithep-laboratories or counters within an individual lab. I
International Standard, a single fibre count () determines a measurement error expressed in tey
an expanded uncertainty [[SO/IEC Guide 98-3] interval which is expected to enclose the mean N
95 % confidance. Because of the skewed distribution of counts, a peculiarity of the uncertainty intg
is their asymmetry about the measured value n, thus requiring two numbers for specification.

7.2 Uncertainty

Errors introduced into the‘estimation of airborne fibres comprise sampling and analytical errors,
are considered predominantly random in nature with negligible bias or systematic componen
application df standard procedures and a reproducible routine is the only way of controlling m
the many sofirces\of error inherent in the membrane filter method. The following list describes
common soufees of error.

lified

(6)

fibre
essed
n this
ms of
[ with
brvals

which
L. The
ost of
some

7.2.1 Sampling variables
— Poisson deposition
— sampling flowrate

— sampling time

7.2.2 Analytical variables
— operator counting bias

— effective filter area
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— graticule area

7.2.3

micrometer calibration

Variation dependence on the mean number N of fibres

Wide experience in the sampling and counting of asbestos fibres[17],[24] has led to the realization that
measurement variation is dominated by inter-reader variation together with (Poisson) variation in the

numb

er of fibres deposited into a given area to be counted.

Poisson distribution. As often only small samples of the fibres deposited on the filter are counted, errors

arise i

distri
fields
apprd
Table

Inter-
great

opergtor,[24] with CV given approximately by Formula (7):

C\

Sy is
Refer
intra
indica

7.2.4

Form
n—N

ution defines the variation in fibre counts resulting from viewing randomly selec
on the filter. If an area containing a mean of N fibres is counted, and if a Poissondistr
priate to the counting results, the coefficient of variation (CV) is equal to 1/'N,1/2 .
3, the expected CV is 10 % for 100 fibres and 32 % for 10 fibres.

counter and non-counting variability. It has been shown experimentally that the
br than these theoretical values mainly because of the subjective gomponents of the

/= \N+S2N? /N

he relative standard deviation in the limit that N is-equal to 100 or greater. Sy waj
ence [24] equal to approximately 0,2 in characterizing the intra-laboratory (combir
counter) variability in a specific laboratory. N\OSH 7400[17] further reports inte
ting an inter-lab Sy equal to about 0,45 (see 7.3).

Expanded uncertainty

11a (7) suggests that if n is the number of counts taken in a single reading, then the d

N+ Serz ,thoughunknown, depends only weakly on N, since meanand variance areg

of N.

confidlence intervals were deterniined[24] as Formula (8):
~1,8<(n—N)/N+8EN% <+2,6

By solving the two:quadratic equations at the two extreme limits in Formula (8) for N i
confidlence limitsienclosing the consensus mean N, given single measurements n are easily]

L¢L[n] <N < UCL[n]

fact, from many readings by'a number of counters, with N equal to the mean across

(95 % confidence level)

(95% confidence level)

7 the Poisson

ted counting
ibution were
As shown in

actual CV is
b microscope

(7)

reported in
ed inter-and
r-lab studies

stribution of

independent
the counters,

(8)

h terms of n,
obtained:

9

where LCLand UCL are given by Formulae (10) and (I1J:

2n+2,62 —\/(2,62 +2n)2 —4(1—2,6255)n2

LCL[n]=
2(1—2,6255)
2
2n+1,82+\/(1,82+2n) —4(1—1,8255)n2
UCL[n]= o
2(1-1,8%s7)
NOTE Formulae (10) and (11) are identical to equations given in NIOSH 7400 with the co

expanded from 90 % to 95 %.
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From these equations, the confidence limits accounting for both subjective counter and Poisson
components for various fibre counts are calculated (Table 3) by taking S, = 0,2 from Reference [14]. The

intra-counter variability may be greater if quality control is poor.

Table 3 — Intra-counter (S; = 0,2) 95 % confidence interval bracketing the consensus mean for
various numbers (n) of fibres in a single count calculated by Formulae (10) and (11)

Number (n) of fibres Lower confidence limit | Upper confidence limit | Expanded uncertainty
(LCL) (ucL) %
5 1,6 13 (-68,160)
2,6 16 (-63,129)
D 4,2 21 (-58,120)
D 10 37 (-50,85)
5D 29 85 -42,70)
140 62 163 (-38,63)
200 127 319 (-36,60)
NOTE Also shpwn is the confidence interval expressed as expanded uncertainty asymmetric around n and stated r¢lative
ton

7.2.5 Uncqrtainty budget excluding counting errors

Various factprs aside from counting errors can introduce random variation in measured valges of
asbestos confcentrations.[14] Such factors are identified in Tabte 4.

Table 4 — Example of an uncertainty budget for non-counting variable

Variable Estimatéd-uncertainty Uncertainty squared

Sampling flgwrate 0,03 0,0008
Sampling tithe 0,02 0,000 4
Masterstagg micrometer 0,01 0,0001
Calibration <|)f submaster 0,01 0,000 1
Calibration <|)f graticule 0,02 0,000 4

Area of expdsed filter 0,05 0,002 5

Sum of squates 0,004 3
Square root jof sum.of'squares = Overall uncertainty 0,066
Expanded uncertdinty (coverage factor k = 2) 0,130r13 %

The uncertainty in Table 4 contributes in quadrature to the expanded uncertainty. Therefore, as 13 %
is small relative to the values in Table 3, it may be reasonable to conclude that the contribution of non-
counting errors to the total uncertainties is not significant in comparison to the Poisson and subjective

errors.
NOTE1 Non-counting errors are negligible only if consistently controlled.

NOTE 2  Inhomogeneous deposition of dust on the filter leads to gross errors, the magnitude of which cannot be
estimated. Counting 20 or more fields ensures that minor divergence from randomness does not bias the result.

7.3 Inter-laboratory variability

The inter-laboratory variability is caused primarily by the random Poisson and inter-laboratory
subjective components. From several inter-laboratory studies, the NIOSH 7400 method takes the value
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of the subjective component of variability, Sy, as 0,45. The lower and upper 95 % confidence limits
shown in Table 5 are then calculated from Formulae (10) and (11). The ratios of the upper limits to
the lower limits are about 3 times for the intra-laboratory 95 % confidence interval with S equal to
0,2. For the inter-laboratory confidence interval with Sy = 0,45, the ratios are over 10 times. This may
imply that multi-laboratory results using the membrane method for determining airborne fibres are
less meaningful than a single dedicated lab because of the wide gap of the values between the upper and
lower confidence limits.

Studies[81.191[23] using relocatable slides prepared from the AIHA-PAT test filters have shown that
counting bias is the major source of inter-laboratory variability. For counting Amosite fibres, the
ma]ority of errors are due to 5121ng For chrysotile flbres the ma]ority of errorsare mlssmg fibres due to

: A€ gaHmprovement
of prd f1c1ency was observed after the flrst round of testlng Ina second round 95 % ofthe dnalysts were
able o perform satisfactorily in counting Amosite fibres. Their mean fibre count tg_the verified fibre
counff ratio was 0,993 + 0,164. For chrysotile fibres, only 53 % of the analysts performed gatisfactorily
and their mean fibre count to the verified fibre count was 0,879 + 0,185. The uncéttainty asgociated with
this nlegative bias was not included here in the uncertainty analysis. It is esseiitial that relocatable test

slideg

should be included in the internal quality control program, slide exclrange with othei laboratories

and pfroficiency testing program in order to minimize intra- and inter-labgratory uncertainty.

Table 5 — Comparison of 95 % confidence intervals calculated from Formulae (10) and (11),

bracketing consensus means and €onsidering

Number of fibres (n) 95 % confidence interval 95 % confidence inttrval
inter-laboratory variability intra-laboratory variability
Sr=0,45 Sr=0,2
Lower Upper Lower Jpper
20 8 115 10 37
50 22 247 29 85
100 45 537 62 163
200 91 1063 127 319

7.4 |Lowering of intra;-and inter-laboratory variance

It has|been demonstrated-that a large contribution to variance in the method is the ability of counters
to detect and properlycharacterize fibres, even when using the same properly set-up microscope. This
variafce can be nighitored through application of the appropriate quality assurance meastires. The use
of a gfidded cover slip in the mounting procedure allows re-examination of same fields of the sample by
expelfienced-.counters, preferably from within and from outside laboratory, to determine “donsensus* or
“veriffied /fibre counts without contribution from the variance of fibre distribution across the filter.[25]
y and rectify
' : 3 e s : eceptable level
with Sr =0.2 and a lower overall uncertainty Thus 1t is p0551b1e for gridded cover slips to be used for
every field sample preparation, but this is not likely in practice. If only a portion of the filter is prepared
with a regular cover slip, a further portion can be prepared with a gridded cover slip where needed.

8 Testreport

The test report should include the following information:

a) areference to this International Standard (i.e. ISO 8672:2014);
b) the sample identification number;

c) the start and end of the sampling period;
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d)
f)
g)

h)

j)

18

the flowrate during the sampling period;

the type of sample: personal or static sample;

the description of the location where the sample was taken;

the results;

any deviations from the sampling and the analytical procedure;
any other information relevant to the method; and

name and signiture of each person rpcpnncihlp to the test report
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Annex A
(informative)

Slide mounting: acetone-triacetin procedure

This annex describes a procedure to prepare slide by the acetone-triacetin mounting procedure.[2]

A.1 [Reagents and accessories
A.1.1| Acetone and triacetin, both of reagent grade.
A.1.2] Hotblock acetone evaporator, available commercially.

A.1.3| Micropipette or hypodermic syringe, with a 22 gauge needle.

A.2 |Procedure

A.2.1] Switch on “hot block” acetone evaporator. When the “hot block” is ready, place thg wedge, dust
side yp, on a slide.

A.2.2| Insert the slide with wedge into the receiving slot at base of “hot block”. Immediately, inject about
250 pl of acetone into the vaporization chamber with a slow, steady pressure. The wedge shiould be clear
in3sfto5s.

A.2.3| Use a glass marking pen to miark on the underside of the slide the outline of the [cleared filter
wedgg.

A.2.4| Use a hypodermic sytinge with a 22-gauge needle or a 5 pl micropipette to place| 3,0 to 3,5 pl
triacetin on the wedge.

A.2.5| Gently lowercover slip onto the wedge at a slight angle to reduce bubble formation
A.2.6| Label the'identification of the right hand sight of the slide.

A.2.7| Heating the cleared filter to approximately 50°C for 15 min accelerates the clearing process and
enablesianalysis to proceed almost immediately thereafter. Otherwise, it is necessary to d¢lay counting
for about 24 h until the filter wedge has dissolved under the action of the triacetin.

A.2.8 Seal the edges of the cover slip to the slide using nail polish if the slide is to be kept indefinitely.

A.2.9 Proceed counting once the nail polish is dry.

Carry out acetone mounting in a well-ventilated area such as in fume hood. On no occasion should it be
conducted in the vicinity of an open flame.

NOTE1 Too much triacetin (as indicated by excess liquid emerging from the edges of the wedge) can cause
fibre migration in about 4 weeks. Insufficient triacetin will result in uneven clearing of the granularity left from
the acetone vapour clearing. Furthermore, the refractive index of the mounted sample will not be suitable for
optimum visibility for some fine fibres.
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NOTE 2  The procedure for mounting the whole filter is given in the Appendix 1 of Reference [14].
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Permanent slide preparation: dimethyl formamide - Euparal

procedure

This annex describes a procedure to prepare permanent or relocatable slide by the dimethyl formamide/
Eupafal mounting procedure.[2].[11],[26]

B.1 [Dimethyl formamide (DMF) solution
Prepdre a solution of 2 ml of de-ionized water, 1,4 ml of dimethyl formamidé-and 0,6 ml of acetic acid.
Discafd the solution after 1 week.
B.2 (Template for positioning filter wedge on to the relecatable cover slip

As illistrated in Figure B.1, draw a 1” x 3 “ rectangle representing the position of a microscope slide on
a piede of paper.

In thd middle of the rectangle, draw a wedge of approximately 1/4 of a 25 mm filter.

position of filter wedg

[1/]

position of relocatabls
coverslip

position of glass slide

LABEL

L w|

igure B:1 — Example of a template for placing a filter wedge on a relocatable cqver slip

B.3 Relocatable cover slip

Identify the coated side of the cover slip by scratching the corner with the tip of a tweezer. Examine the
coated side of the cover slip at a total magnification of 400X to ensure the viewing fields are well defined
and free of fibre-like particle contamination. Store the cover slip in a clean petri dish.

B.4 Cover slip

For regular sample, use non-gridded cover slip of No. 1-1/2, unless otherwise specified by microscope
manufacturer.
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B.5 Procedure

B.5.1 Place a clean microscope slide on the template.

B.5.2 Place a relocatable cover slip, coated side facing upward, on the microscope slide. Ensure the
grids of relocatable fields are completely within the wedge of the template. The logo of cover slip has to
be on the upper side of the grids of relocatable fields.

B.5.3 Use the template as a guide, place a wedge of filter sample, particle side facing down, on the the

cover slip.

B.5.4 EnsuL

B.5.5 Use §
completely W

B.5.6 Placq
for a longer

B.5.7 Place

B.5.8 Flip
trapped betv

relocatable fields.

B.5.9 Place

ready for examination. Under a microscope, the logo«will appear on top of the relocatable fields.

B.5.10 Asaj
by experienc

B.5.11 Reco
recording sh

B.5.12 Alwa

WARNING
for handling
inhalation off

22

e the grids of relocatable fields are completely within the wedge of filter sample.

micropipette, add 20 ul to 25 pl of DMF solution in several drioplets so that.the we
etted.

eriod until the smell of acetic acid is not detected any more.
the assembly back on the template. Add 1 drop of Euparalto'the clear filter wedge.

he cover slip upside down and slowly lower it at an ariglé on to the slide to ensure no by
been the filter wedge and the slide. The logo of théZcover slip should be below the g

the assembly on a hotplate or drying ovenat 60 °C for 60 min to set the Euparal. The s

tandard relocatable test slide, the fibres enumerated in the selected fields should be ve
ed analysts, preferably from another laboratory.

rds of the positions and @iumber of fibres should be kept for future reference. An examn
pet of fibre counts of arelocatable slide is given in Figure B.2.

s store the slideflat and do not apply any pressure on the cover slip.

DMF is texic, but has very low vapour pressure. Disposable gloves should be w
the DME solution. Drying of the slides should be done in a well-ventilated area to
the vapour of the DMF solution.

dge is

the assembly on a hotplate or drying oven at 60 °Co for 30 min to‘elear the filter wedge or

bbles
ids of

lide is

rified

ple of

brned
avoid
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DUST COUNTING RECORD (example only)
Counted by :
Date: Number of
Microscope No. : fibres  fields
Graticule type : Area mm?
O-bundles
X-background not okay
EXAMPLE
Name Mame | Name | Name | Name Name | Name | Name | Name | Name
oot ottt L L P L L I O L A
row 1 row 1
row 2 row 2
row3 rowd
row 4 row 4
row 5 row 5
row & row 6
row 7 row 7
row 8 row 8
w9 row s
fow 10 ow 10
Eny 1
c= X ——XF = = fibresf cm®
Ing, V
€ i the concentration, in fibves per cubic centimeter
N= Iny s the total number of fibres counted
n= In, Isthe effective fiter area, in square millmetres
a  isthe area of the counting field, in square millmetres
Vs the kotal flow, in cubic centimeters
A
F =—(constant factor)
a

Figure B.2 — Example of fibre count record of a relocatable slide
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Eyepiece graticule

C.1 Specifications of eyepiece graticule,ordering information and calibration

The graticulg described in this method is the type G22 “Walton-Beckett” graticule.[10] For each graticule,
the desired diameter, d, of the circle to appear as 100 * 2 um in the object plane, D, of the graticule and
the overall djameter of the glass disc should both be specified in millimetres before ordering.

The following procedure is one of several methods for determining the diameter,d) 'of the cifcular
counting arep.

a) Insert apy available graticule into the eyepiece and focus so that the graticule grid is sharply in
focus.

b) Set the dppropriate inter-pupillar distance, and, if applicable, reset the binocular head adjusfment
so that the “tube” length (and thus the magnification) remains eotistant.

c) Ensure that the 40x phase objective is in place, and that the magnification changer position (ifjused)
is known and recorded.

d) Place a ptage micrometer on the microscope object*stage and focus the microscope onto the
graduated lines.

e) Measuregthe overall object length, I, of the graticule grid using the stage micrometer.

f) Remove the graticule from the microscope and measure its actual overall grid length, I,. This ¢an be
done by using a stage fitted with verniers.

g) Calculate the diameter to be specified, d, using the following equation:
d=-32D (C.1H

EXAMPLE
Step e) produced an object length of a Porton graticule of 108 pm.

Step f) prodyced.ah actual length of 4,50 mm.

Step g) produced adiameterof {%;,5070,108) <0, ==, 17 .

It is also necessary to measure the overall diameter of the glass disc. In this case the disc diameter was
found to be 17 mm. Thus a “Walton/Beckett” graticule of disc diameter 17 mm and circle diameter
4,17 mm should be specified for the above example.

C.2 Calibration of eyepiece graticules

Obtain a stage micrometer, preferably with a scale having 2 pm or 10 um divisions and place it on the
object stage of the microscope.

Make sure that the inter-pupillar distance of eyepieces is set correctly.

Note the objective magnification and any intermediate magnification used.
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