INTERNATIONAL ISO
STANDARD 24095

First edition
2009-12-15

Workplace air — Guidancefor the
measurement of respirable crystalline
silica
Air des lieux de travail — LigneS directrices pour le mesurage de la
fraction alvéolaire de la silice‘ctistalline

e Reference number
= — 1ISO 24095:2009(E)

© SO 2009


https://standardsiso.com/api/?name=b93e2136e37f4235e0ceae2ce419bf64

ISO 24095:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=b93e2136e37f4235e0ceae2ce419bf64

ISO 24095:2009(E)

Contents Page
o T (=312 o T (o iv
8o o 11 e 4 oY v
1 T o - S S 1
2 NOIrMatiVe referenNCeS.......ccoiiiiiieeecciiiirrrreee s rre s e e s sssssssseressnsnssssssseesssnnnnsssssenndunls fessssssreereennnns 1
3 Terms and definitioNs ........cceeeiiiiiiiiiieir e rre s e s e s e nsnnssneeei T Fankensns|evereesennnannnnns 2
3.1 General defiNitioNS .........iiiiiiiieee e rrs s rerrssnnsa s s e eeessnadanans onsennnns fnnnsssnreerennnnnn 2
3.2 Sampling definitioNS ........occc sk s e mnnre e e |essmnn e e e e e enaan 3
3.3 Analytical definitions ........cccccviiiiiccccr e DT e e 3
34 803 1 LS o= 1 =Y o 3 =S 0 S 4
4 T oo = 40 IO 5
5 Analytical quality requUIrements .........cccccvieiiniiin @ s L ——— 6
6 AdMINIStrative CONLIOlS ... rsea s fras s sesnssssranssssrensssseansssssannssssfusssssrennnsnsenns 6
7 RS F 11 0] 11 T . S IS 8
71 €= 0 1= - | N 8
7.2 L= T 1] oo S SR VRSRRN PSSR 8
7.3 ST C=T =10 Lo I {0 - T3 1= e (S 8
7.4 SF=T0 0 o1 1T 0T I 10 L8] o X0 SRR PRSP 9
7.5 Respirable size Selectors..........ccciiiiiiiinieindl@innnnnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns frsssssssssssssnnns 9
7.6 L= LS o To T = 1o T o T Y A 9
8 g (o Yo=Y o L] =S URU (R 9
8.1 Handling of filter cassettes.......i. i f e ————— 9
8.2 1Y LYo g Lo o IRV 2= 1o P 14 o o O 10
8.3 (08 1 11 ¢ = 11 oY o U 10
8.4 Sample preparation....... Sl e s s smnne e fr s e 1
8.5 Sample MeasureMent L.l ... e nnnns e 1
8.6 g £ 0T 0 L= 1 LR 1 = 14 o) o Y (O 12
9 Internal quality CONTIOl........... s | s s 13
10 External verification and assessment of uncertainty ........ccccccerviccciccrrnnescccccseeereeeeen e, 13
11 =53 A (=1 oY O SPRP 14
11.1 MinimUm report reqUIremMeNts..........cccccciiiiinisisisssssss s s ssssssssssssssssssssssssss frsssssssssssnnns 14
11.2 | Datato be archived by the laboratory..........cccceiiiiiiii e fer e 14
Anngx.A'(informative) Polymorphs of crystalline silica and their interferences........cccccccevvicii o, 15
Ann i i ificati i i i = i 11 (0] | PR PrT—— 21
Annex C (informative) Example of quality control charting for respirable crystalline silica..................... 24
Annex D (informative) Estimation of expanded uncertainty for measurements of respirable

crystalline SiliCa.....ccceiiiiiiii i —————————————— 25
=1 o1 o T |- o 13V 35

© ISO 2009 — All rights reserved iii


https://standardsiso.com/api/?name=b93e2136e37f4235e0ceae2ce419bf64

ISO 24095:2009(E)

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 wark SO collaborates closely with the
International [Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@ards
adopted by fhe technical committees are circulated to the member bodies for voting.\"Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 24095 was prepared by Technical Committee ISO/TC 146, Air qualityy Subcommittee SC 2, Workplace
atmospheres.
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Respirable crystalline silica (RCS) is a hazard to the health of workers in many industries through exposure by
inhalation. Industrial hygienists and other public health professionals need to determine the effectiveness of
measures taken to control workers' exposure. Taking samples of air during a work activity and then measuring
the amount of RCS present is often done to assess the exposure of an individual, the effectiveness of their

respiratary protection or effectiveness of other controls Studies have found significant prob

encopntered if procedures to ensure the quality of RCS measurements are not followed. In add

interg

contrpls to limit bias and measurement variability are not employed, a reasonable measuremer

st in accurately measuring RCS at lower levels where the variability of measurements is.pod

ems can be

tion, there is
rer. If proper
t uncertainty

cannpt be achieved and usefulness of RCS measurements to make informed decisions to protect worker

health is reduced. This International Standard is intended to be of benefit to\those inv
determination of RCS in the workplace, e.g. agencies concerned with health and<safety at wg

hygie

should be aware that in some countries there are legal requirements faor.the quality assura

meag

nists; safety and health professionals; analytical laboratories; industrial users’and their work

urements.

plved in the

rk; industrial

ers. Readers
hce of these
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INTERNATIONAL STANDARD

ISO 24095:2009(E)

Workplace air — Guidance for the measurement of respirable
crystalline silica

1

This |International Standard gives guidelines for the quality assurance of measurements

cope

Df respirable

crystalline silica in air using direct on-filter or indirect X-ray diffraction and infrared-analysis npethods. The

scop

and t

Thes
acco

2 Normative references

The

refergnces, only the edition cited applies. For undated-references, the latest edition of th

docu

ISO 7

ISO 1
aerogols

ISO/I
EN 4

meagurement of chemical agents

EN 6
agen

EN 1

and test methods

EN 1
over

p of this International Standard includes the following crystalline silica polymorphs: quartz
fidymite.

b guidelines are also relevant to the analysis of filters obtained ffom dustiness meas
dance with EN 1505161,

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.
708, Air quality — Particle size fraction definitions for health-related sampling

5767, Workplace atmospheres — Controlling and characterizing uncertainty in weigh

EC 17025, General requirements for the competence of testing and calibration laboratories

B2:2006, Workplace atmospheres — General requirements for the performance of proce

B9, Workplace atmoSpheres — Guidance for the assessment of exposure by inhalation
ks for comparisonwith limit values and measurement strategy

P32:1997, Workplace atmospheres — Pumps for personal sampling of chemical agents — R

PI19, \Workplace atmospheres — Pumps for the sampling of chemical agents with a volu
bd/min — Requirements and test methods

cristobalite,

urements in

t. For dated
b referenced

ng collected

Hures for the

to chemical

Requirements

me flow rate

EN 13205:2001, Workplace atmospheres — Assessment of performance of instruments for measurement of

airbo

rne particle concentrations

EN/TR 15230, Workplace atmospheres — Guidance for sampling of inhalable, thoracic and respirable aerosol
fractions
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3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

3.141

General definitions

respirable crystalline silica

RCS

inhaled particles of crystalline silica that penetrate into the unciliated airways

3.1.2 Bred

NOTE Bd

3.1.21
breathing zq
(general) sp4

31.2.2

breathing z(
(technical) h
centred on th
top of the he

313

exposure by
situation in w

[ISO 8518:2(
314

measuring |
procedure fq
transportatio

[ISO 8518:2(

3.1.5

thing zone
th definitions 3.1.2.1 and 3.1.2.2 are adapted from 1SO 4225:1994I2],

ne
ce around the face of a worker from where he or she takes his or her breath

ne

emisphere (generally accepted to be 0,3 m in radius) extendifig in front of the human
e mid-point of a line joining the ears; the base of the hemisphere is a place through this lin
bd and the larynx, when no respiratory protective equipment.is in use

inhalation

hich a chemical agent is present in air that is inhaled by a person

01631, 3.1.3]

rocedure

r sampling and analysing one" or more chemical agents in the air, including storags

n of the sample

01631, 3.1.4]

operating time

period durin
recharging o

[EN 1232:19

j which a sampling pump can be operated at specified flow rate and back pressure w
replacing-the battery

7]

3.1.6

face,
b, the

and

thout

limit value

reference figure for concentration of a chemical agent in air

[EN 1540:1998[5]]

3.1.7
workplace
defined area

or areas in which the work activities are carried out

[EN 1540:1998[5]]

© 1SO 2009 - All rights reserved
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3.2

3.21
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Sampling definitions

air sampler
device for separating chemical and/or biological agents from air and collecting them on a collection substrate

3.2.2

static sampler
area sampler

devic

e, not attached to a person, used in static sampling (3.2.3)

ISO oc149.9nN4[3] 2 o £
O TOZUU T 070°J]

3.23

stati¢ sampling

area
procg

[1ISO
3.2.4

pers
devic

[EN 1
3.2.5

pers
proce

[EN 1

3.2.6

ampling
ss of air sampling carried out in a particular location

B8518:2001[3], 3.3.4]

bnal sampler
e attached to a person that samples air in the breathing zone{(3.1.2)

540:199815]]

bnal sampling
ss of sampling carried out using a personal sampler (3.2.4)

540:199805]]

sampling equipment

appa
medi

3.2.7

ratus for collecting airborne respirable particles, including any size selection element a
im

sampling train

appa
tubin

3.3

ratus for collecting) airborne particles including sampling equipment (3.2.6), pump an
y

Analytical definitions

3.3.1

hd collection

j connecting

sample-preparation
operations carried out on a sample, after transportation and storage, to prepare it for analysis, including
transformation of the sample into a measurable state

3.3.2
limit
LOD

of detection

lowest amount of respirable crystalline silica (3.1.1) that is detectable with a given level of confidence

[EN 482:2006]

NOTE

Many analysis procedures require laboratories to calculate an LOD by multiplying the standard deviation of

measurements of a number of blank samples (~10) by three. Readers should note that there is some doubt about the
relationship between signal and the mass when RCS is measured at very low masses and a specific formula to determine

©I1SO
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the LOD using statistics based on a normal distribution is not given in this International Standard. The test samples used
for calibration are not matrix matched and reporting an LOD based on three standard deviations of the background noise
may give an optimistic impression of the capability of method when analysing “real” samples. Analysts should take this into
consideration when analysing samples for RCS.

3.33

limit of quantification

LoQ

lowest reliable mass of respirable crystalline silica (3.1.1) that is quantifiable with a given level of
confidence taking into consideration the matrix effects in the sample

[EN 482:2006]

3.4 Statisftical terms
3.41

accuracy
closeness of|agreement between a test result or measurement result and the true value(8;4.5)

NOTE In|practice, the accepted reference value is substituted for the true value.
[1ISO 3534-2:p006!1], 3.3.1]

3.4.2
analytical recovery

ratio of the mass of analyte measured when a sample is analysed to the known mass of analyte in that sample

NOTE THe analytical recovery is expressed as a percentage.
[1ISO 8518:2Q01[3], 3.5.1]

343
bias

difference bgtween the expectation of a test result or measurement result and a true value (3.4.5)

NOTE Bips is the total systematic error-as.contrasted to random error. There may be one or more systemati¢ error
components cpntributing to the bias. A larger;systematic difference from the true value is reflected by a larger bias vdlue.

[1ISO 3534-2:p006!1], 3.3.2]
3.44

precision
closeness of|agreement\between independent test/measurement results obtained under stipulated condifions

[1ISO 3534-2:p006(1,73.3.4]

3.4.5

true value
value which characterises a quantity or quantitative characteristic perfectly defined in the conditions which
exist when that quantity or quantitative characteristic is considered

[ISO 3534-2:2006!1], 3.2.5]

3.4.6

validation

process of evaluating the performance of a measuring procedure (3.1.4) and checking that the performance
meets certain pre-set criteria

[EN 482:2006]

4 © 1SO 2009 - All rights reserved
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3.4.7

uncertainty (of measurement)

parameter, associated with the result of a measurement, that characterises the dispersion of the values that
could reasonably be attributed to the measurand

[ISO/IEC Guide 98-3:2008[4], 2.2.3]

NOTE 1 The parameter may be, for example, a standard deviation (or a given multiple of it), or the width of a
confidence interval.

NOTE 2 Uncertalnty of measurement comprlses in general many components Some of these components may be
d by standard
from assumed

The aim of this International Standard is to give information to minimise the erfors in measurement. There are
many factors that may influence the variability of a measurement from the true value. The uncertainty of an air
meagurement is the combination of the variation of measurements from the true value from both [the sampling
and ghemical analysis. Within these two broad headings are other factors; some of which are illugtrated below.
a) Qrganisational factors:

1) strategy;

2) method,;

3) training and experience.
b) Measurement factors:

1) sampling instruments;

) calibration;

DO

3) sample preparation;

4) instrumental Variation;

LR

) interferences.

The vyariability~of these individual factors combines to add to the uncertainty of the measurement. At stages
within the sampling and analysis process, the factors that contribute to the variance of a measurgment can be
monifofed and controlled to reduce the expanded uncertainty. With such an approach, the vafiation of the
measurementstsmininTised:

The quantifiable contributions to the uncertainty of crystalline silica in air measurement are illustrated in the
classic cause and effect diagram often used as an aid to estimate uncertainty in measurement in Figure 1.

© 1SO 2009 - All rights reserved 5
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Sampling Surfa_ee Recovery Weighting Interpretation
deposition errors Training
. Peak absorbance
Flow rate Transportation position
. 4 . o
Votumetric Uncertainty]in
errors Analytical measuremgnt
Veigh { precision
eighting > Uncertainty of standard
errors .
/ (concentration Instrumental
- and particle - drift
size distribution)
Calibration Instrumental
variation

Figure 1 —

5 Analyt

The level of
before proce
procedures g

crystalline silica

cal quality requirements

dures for establishing a quality assurance program are discussed. Statistical quality ¢
an determine what is currently achievable in terms of intra- and interlaboratory precision ang

and may thr

The existen
bearing on

workers' health at risk; those withCaypositive bias may be placing an additional financial burden on an indy

company an

NOTE TH
limits to the e
the poor preci
and is specifie
Institute for O

of legislative requiremeénts’to take corrective action when exposure limits are exceeded
nalytical quality requirements. Laboratories with a negative analytical bias may be p

so putting it at aléempetitive disadvantage.

e European Committee for Standardisation (CEN) Working Group on performance criteria has sugg

- Cause and effect diagram illustrating sources of error:in the measurement of respirable

analytical quality required for effective @ccupational hygiene monitoring should be consiglered

bntrol
bias

w some light on the relative accuracy of different methods, but they do not determine what are
desirable levgls of trueness and precision.

nas a
Litting
strial

ested

panded uncertainty in occupational hygiene analyses to reduce the potential for incorrect decisions ¢
sion of results (EN 482). This uncertainty includes the imprecision in the sampling and analytical mq
d as,amaximum of £ 30 % at the exposure limit value and £50 % at about half the limit value. The N

for its occupa

cupatlonal Safety and Health (NIOSH) in the USA stipulates an expanded accuracy reqwrement of

expanded to + 35 % for accuracy determined using field comparlson of methods (Reference [17])

6 Admin

istrative controls

lue to
thods

ational
25 %

ISO/IEC 17025 specifically addresses the establishment of a management system to ensure the traceability of
measurements. This section outlines some essential good practice for measurements of crystalline silica in air.

The term “ensuring quality” is used in the sense of the monitoring and control of the precision and accuracy of
laboratory measurement, and this International Standard is concerned mainly with this use of the term.
However, the statistical control of analytical quality is only one aspect of laboratory quality control. A broader

© 1SO 2009 - All rights reserved
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definition would include the monitoring and control of all the influencing factors on the test result within the
laboratory from the receipt of the sample to the dispatch of the report.

In some respects, even this definition is too narrow if quality is to be seen in the wider terms of the role of the
laboratory in ensuring the usefulness of a result. Thus, for example, the quality of communication between the
laboratory and the occupational hygienist is a very important aspect of quality assurance that should not be
overlooked. Good communication on the part of the industrial hygienist should include additional qualitative
information about the sample, such as sample matrix, sampling time, and sampling instrument, so that
appropriate calibration standards and limits of detection can be applied and interferences anticipated (see
Annex A). Good communication practices help to ensure: the production of timely results; a clearly presented

report; or even that an appropnate analysis was undertaken All of these are essential if results are to be

A

unde
was thus m|smterpreted negates the effort put |nto the anaIyS|s

Analytical quality does not depend solely on the skill of the analyst and on statistical technigues f
the apcuracy and precision of analytical methods. An important decision in analyticalguality ass
initiall selection of the analytical method to be used, which should be robust, ‘and whose
chargcteristics (bias, precision, LOD, etc.) are determined and documented. Theymethod select
apprgpriate for the level of qualification and skill of the analyst who is to/use it. Any modif
validated analytical method should be recorded and evidence of data equivalency should be avail

The |aboratory manager has a central role to play in choosing appropriate analytical methods
respansible for several equally important influences on analytical quality. These include the estab
auditjng of administrative procedures for sample identification,’ for the reporting of results
mainjenance of records; the management of the purchase and.maintenance of equipment and

of reggents and other consumable supplies; and the training and deployment of staff.

A person should be responsible for establishing andv~monitoring the quality assurance prg
laborptory. Responsibility for day-to-day quality control matters may be devolved to the analy
thorough analyses of the quality control data should\be conducted to look for trends and to assod
in reqults with specific events.

A quality assurance scheme should not simply assess the performance of individual members of
job of the laboratory manager to ensure jthat analysts are properly trained and that they are ng
perform analyses for which their level of knowledge, training or skill is inadequate. A high level o
requifed to optimise instrument parameters and correct for matrix interferences either during
prepgration phase or the data~analysis and interpretation phase. For many methods, unknown
influgnce results. A quality assurance programme helps to identify those parts of the method that
depepdent so that stepscan’be taken to eliminate this dependency. If a method gives differen
differpnt analysts, the faulf-may lie with the method and not the analysts.

ed badly and

Dr monitoring
Lirance is the
performance
bd should be
cations to a
Able for audit.

and is also
lishment and
and for the
he purchase

gram of the
st, but more
iate changes

staff. It is the
t required to
f expertise is
the sample
factors may
are operator
{ results with

In small laboratories;it is possible that more than one task is performed by one individual, but if is important

that gn individual\is responsible for specific tasks, such as those listed in paragraphs a) to f).

a) The individual responsible for sampling should clearly identify each of the samples taken and record

essential information. Essential information requwed by the laboratory for the analysis of |the samples

¢caonsi of identification of the sample ne Q e-selective device and i Qw_rate mesampled
and information about the industrial process; such as the composition of materials and the temperatures
involved. If the person taking the samples provides this information to the laboratory it avoids the need for
the analyst to contact the person responsible for sampling.

b) An individual should be responsible for recording the receipt of the sample(s) and allocating each sample
a unique identification that is correlated with any original field identification provided with the sample(s).

c) Anindividual should be responsible for analysis and checking the performance of the method.

d) An individual should be responsible for checking any answer recorded including its compliance with any

instrumental checks and quality control tests. The interpretation of measurements for crystalline silica in

air requires experience, so the individual responsible for checking should be famil
interpretation of spectra or scans. Managers should consider whether analysts would benefit

© 1SO 2009 - All rights reserved
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in mineralogy and/or advanced analytical techniques, such as peak profile fitting and spectral
interferences.

e) Anindividual should also be identified to check that the quality assurance procedures are followed.
f)  The quality system should be reviewed periodically.

The role of management in achieving analytical quality control is not considered further here, but laboratories
are encouraged to obtain accreditation from a recognised accrediting body that demonstrates that the
management and administrative procedures of the laboratory are sufficient to ensure that its work is
conducted with integrity. The organisation of a laboratory may depend on it size, but it should have a clearly

: e Al th il £ ol i ! 1 I dafinad
deflned Stru urG VVILTT UG rGSpUnSIuIIILIGo Ul |nu|v|uua|° GISU \charly ucllncu.

7 Sampljng

7.1 General

To avoid underestimation of exposure, special attention should be given to pumps-and sampling equigment
(see EN/TR {15230, EN 1232). It is important that the sampling equipment and the“associated medium,|such
as filter or fpam, are compatible with the intended method of analysis. In, séme recommended or dfficial
methods the[sampling instrument is specified. Changes to official or recomménded methods (Referencd [14])
should be validated to ensure they are appropriate and comparable.

Sampling stfategy should also be considered. EN 689 specifies ‘one sampling strategy. Other examples
include Refdrence [7] from NIOSH and Reference [16] from the’American Industrial Hygiene Assodjation
(AIHA).

7.2 Sampler

A specific gampler should comply with ISO/CEN[.aerosol size-selective definitions, except where |local
regulation refuires otherwise, and have a performance as required by EN 13205. The sampler should operate
at a specific|flow rate to collect the respirable.size fraction. All connections included in the sampling frains
should be checked prior to use to avoid leaks.

NOTE Health-related sampling convehtions are a series of curves representing the probability of particle penejration
to different regions of the human airways system for particles with an aerodynamic diameter up to 100 um. For smaller
particles, espdcially around the deposition minimum of 0,3 pm, a substantial quantity of inhaled particulate can be exhaled,
but this is not pccounted for in particlepenetration conventions. The sampling convention to be followed for RCS sampling
is the one termed “respirable”. Sampling convention probability varies from 0,1 % at an aerodynamic diameter of 10|um to
100 % at 1 pnp. The 50 % penetration efficiency, Dg, is, at 4 ym, a compromise between earlier recommendation$ from
the British Medical Research.Council (Dg, =5 um) and the American Conference of Governmental Industrial Hygienists
(Dgg = 3,5 um].

Because of the range of sampler types available, practical aspects of their use require consideration. One of
the most important is the flow rate required, both with respect to the size, mass, and cost of pump needdd, as
well as with féspect 1o the LOD (buf conversely also the potential Tor overloading). Additional factors that
should be considered are matrix effects, product information, and minimum sampling times for low levels.
There may be issues specific to certain samplers such as particles adhering to walls, orientation to the wind,
ability to clean and re-use or even complexity of calibration and checking the flow rates. Consult the product
information before use.

7.3 Filters and foams

Foams are generally associated with a specific sampler and only the type of foams supplied with the sampler
should be used. Filters should be of a diameter suitable for use in the selected sampler. The chosen filter type
should have a filtration efficiency of not less than 95 % over the range of particle sizes to be collected (1 um
to 10 um) and be suitable for collection of samples of crystalline silica. Not all filters are suitable for all
analytical methods. For example, silver filters are suitable for X-ray diffraction (XRD) analysis but not infrared

8 © 1SO 2009 — All rights reserved
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(IR) spectroscopy. For direct on-filter analysis, polyvinylchloride (PVC) filters or PVC-acrylonitrile co-polymer
fiters have suitable IR characteristics. Polycarbonate, PVC, and silver filters are frequently used for XRD
analysis. The filter material may degrade if the sampling environment is particularly humid. It is possible to
re-deposit the sample on to a different substrate from that used for sampling, although this step adds to the
uncertainty budget of the procedure. The advantage or disadvantage of re-deposition should be balanced
against other considerations (evenness and thickness of deposit, removal of interfering species, etc.).

7.4 Sampling pumps

Sampling pumps should comply with the provisions of EN 1232, or equivalent performance standard, with an
adjustable flow rate, incorporating a flow-meter or a flow fault indicator, capable of maintaining the selected
flow fate to within £5 % of the nominal value throughout the sampling period. Tf the flow rate]is not within
+5 9% of the nominal value, the person recording the flow rate measurement should inform the person
respgnsible for communicating the results to note the observation in the final report. Thigysituatipn can occur
when sampling very high concentrations. Efficient pulsation damping of the flow is impartant fof correct size
seledtion. The battery for the pump should be fully charged prior to the sampling.exercise. The flow rate
through the sampling train should be checked at the site and any necessary_adjustments njade prior to
sampling. Extreme conditions of temperature and pressure have an influence on the volume of aif sampled. In
good| conditions, the temperature may change by 1 °C for every 100 m change in altitude and fhis has very

little
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differ
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law,
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7.5

The pump should deliver a constant flow rate*with low pulsations to be sure to respect the require

respi
shou

7.6
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ffect. However, the temperature in mines can vary significantly because-of the depth, mach
entilation/air extraction rates. If the flow rate through the sampling,train was originally ch
fype flow meter (rotameter), then a correction to the flow rate may have to be made to tak
ent conditions of temperature and pressure. Corrections are-enly necessary when the con
iffer substantially from those where the flow rate check was ériginally made (e.g. using the
h temperature change of 10 °C would change the volume;sampled by about 3 %). A flow
bmpling train should be made close to the site of the working operation to ensure the pump
ctly at the beginning and again at the end of sampling period to ensure compliance with EN
) personal samples, sampling pumps worn by personnel should not impede normal work act

Respirable size selectors

able size selector and/or at least EN'1232 or EN 12919 (flow rate £5 %, pulsation = 10 %
d also refer to ISO 7708 or EN/TR 15230.

Transportation

nery present
ccked with a
e account of
Hitions at the
iniversal gas
ate check of
s functioning
1232. When
vity.

ments of the
. The reader

bst normal loadings{(<4 mg), the sample (of respirable dust) is safely contained on the filfer and is not

the sample is handled with care. Test samples containing relatively small amounts of mat
been sent through postal systems worldwide without significant losses in material frg
ver, samplesfrom coalmines are particularly prone to surface abrasion and need particular
le loss. Filters from coal mines should be retained within a specially designed sample
bort. WWhen samplers with foams are used, the foam is retained in place using a cap.

brial (< 1 mg)
m the filter.
care to avoid
cassette for

8

8.1

rocedures

Handling of filter cassettes

The user should refer to the manufacturer's handling instructions. For a cyclone selector, the respirable size
selectors should be stored and opened with the grit pot for the non-respirable particles kept vertically below
the cassette. Ensure that the filter cassettes are firmly closed. Care should be taken upon opening the filter
cassette to avoid loss of dust. The condition of the cassette should be visually checked and any deposition of
dust on the walls of the cassette should be noted, if it is not intended to be analysed by procedure. Static
dissipative cassettes may be useful in minimising wall deposition of dust.
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8.2 Method validation

It is recommended that laboratories use only official or validated methods. If other methods are used, then
they should prove that they are validated methods that have comparable or better performance characteristics
when compared with published methods. A Eurachem Guidel'2] describes the method validation process. If
deviations from a standard method are made, then the laboratory should prove that the changes give
comparable results and note the modifications when the results are reported.

8.3 Calibration

Measurements should be traceable. When weighing calibration test samples, use a balance with a resolution

of RCS. Thefefore a weighted regression may be more appropriate for XRD analysis. The calibration should
be tested against some known sample such as a proficiency testing or. spiked quality control sample.

To minimise pariability, the preparation of the calibration standards'needs to be fit for its intended purpos¢. For
direct on-filter methods, the procedure for the preparation of the standards should match the sample collgction
methods. Fof deposition methods, the procedure for the preparation of the calibration standards should match
the sample preparation methods.

The response from both XRD and IR analysis techniques is sensitive to the distribution of the size ¢f the
particles on the surface of the analysis filter and-different standards may have a slightly different distributjon of
particle size$, which may lead to differences in results between laboratories. Measurement of peak|area
shows less Yariability with particle size for'XRD, because, as the median particle size decreases, the|peak
shape broadens, which decreases the height. Peak height is usually measured for IR analysis.

If the calibrafion dust used in a laboratory is not a certified reference material (CRM) or a secondary standard
with a knowh amount of RCSxthen the response of the calibration dust should be compared with these
materials to| determine any-potential bias. If the absorbance or diffraction peak profile is outsid¢ the
repeatability [precision of the/measurement and is considered significant at the 95 % confidence leyel, a
correction fagtor should be applied to the final result or calibration. The result reported to the customer should
be corrected|for purityand crystallinity of the dust standard.

For example} if’XRD is used and the difference between the area result for a sample of the bulk refefence
material is greater or less than 2,26 (Student ¢-distribution for nine degrees of freedom), standard deviatigns of
10 peak area measurements of the bulk dust used for calibration then the correction factor for crystallinity of
the calibration dust is

Aoy w (1)
Ares 100
where

ZCM is the average area, in counts per second, of the principal peak(s) of the calibration material;

ARef is the area, in counts per second, of the same principal peak(s) of CRM or secondary standard
with a known concentration of RCS;
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is the mass fraction, expressed as a percentage, of crystalline silica in the CRM or secondary
standard.

w
Alternatively, the correction values for common calibration dusts for a-quartz can be obtained from published
work (Reference [18]).

It is recommended to report the material used to prepare the calibration test samples. Treatment of the
reference material during calibration may also change the particle size characteristics of the dust when they

are sampled again and so lead to different absorbances for IR analysis and diffraction peak profiles.

The frequency of calibration depends on the stability of the instrument and the experience of the analysts.

Whe
satis
analy
qualif

8.4

ctory results, provided the instrumental conditions and parameters are maintained for-ih
sis, an external monitor is used to correct the calibration for tube drift and quality controtar
y assurance programmes are in place to monitor the performance of the procedure.

Sample preparation

Some analysis methods require the dust to be recovered from the original air 'sample filter to allo

treatn
pract
sam
obtai
a cor

hent to remove interferences and then the recovered dust is re-deposited on to another fil
ce is to prepare a number of standards (more than 1) from a calibration solution and involve
le preparation process to test the recovery. If the difference between the target value an
ned from the recovery samples are significantly more than the\expected precision of the prg
rection factor for recovery should be applied. For example, if\the target value is more than

devidtions from the expected precision (determined from experience of proficiency testing, qu

publi

thed or method validation data) of the recovered values,

For fe-deposition methods, it is recommended thatwlaboratories choose the most appropria

techr
dilute
hand
acco
(albit

Durin
the r

ique for the mineral matrix in the sample. Ashing in a furnace can remove carbonaceous 1

acids can remove carbonates. There may* be matrix interferences such as silicates t
ed best by a sample clean-up step prior;to analysis. This can be accomplished by an a
ding to Reference [19]. This proceduretdoes not successfully remove some silicates such
£) and may cause the loss of very small particles of RCS and the formation of amorphous sil

g the re-deposition process, care should be taken to insure that there is a complete seal f
pconstituted crystalline silica.)Leakage leading to sample loss can occur if there is an ins

to achieve
e method of
d/or external

w for sample
fer. The best
these in the
d the results
cedure, then
fwo standard
ality control,

e “clean-up”
haterials and
nat could be
cid digestion
as feldspars
ca.

pr filtration of
fficient seal.

Ultragound should be used before the filtration to overcome the agglomeration of particles in sugpension and
to enjsure homogeneity. Rlacing about 2 ml of solvent in the filtration funnel before pouring the sample
provifles a cushion for theSuspension and contributes to a homogenous surface.

XRD [parameters related to sample preparation include sample homogeneity, size distribution of fthe particles,
size pf the samplersurface exposed to the X-ray beam, thickness of the sample deposition, gnd choice of
internal standards if any (including absorption correction factors if silver filters are used for KRD sample
depogition).

8.5 |LSample measurement

8.5.1 X-ray diffraction

XRD is a technique where X-rays are reflected from the surface of the sample and most methods assume the
sample deposit is a thin layer and so does not need any correction for any absorption or depth effects. Some
methods use the silver filter as an internal standard to help correct for any matrix effects. Measurement of the
response of the silver from the filter sample helps correct the intensity of the signal when the relationship
between response and intensity is no longer linear because of the depth of sample. Since crystalline silica
often occurs in a matrix with other silicate minerals, some of which exhibit X-ray spectra that overlap with the
primary quartz diffraction peak, the use of alternative peaks for quantification may be necessary. Annex A
gives a list of potential mineral interferences. The use of secondary, tertiary, and even quaternary peaks
results in decreased sensitivity. Good practice includes a qualitative XRD scan to characterise the
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environmental matrix for a set of samples from a given site. A determination revealing the correct peak ratios
for the three largest peaks can be taken as an indicator of lack of interferences; otherwise, a clean-up
procedure may be needed prior to analysis.

Sample spinning during XRD analysis allows for the alignment of each crystal in the X-ray beam and
increases the precision by ensuring that all crystals are measured.

8.5.2 Infrared analysis

For IR, matrix effects from interferences with other polymorphs of crystalline silica and silicates, such as
kaolinite, present analysis problems. There is a potential for bias when correcting for matrix absorption effects,
with the bias[increasing at low [evels of quartiz. In coal mining, the assumption IS made that quartz 1S 1hg only
polymorph pfesent due to the geological processes involved in coal formation. It is sometimes assymed that
the only mineral interference found in coal is kaolinite. Spectral correction is possible to eliminate IR
interference from kaolinite in coal.

For direct-on-filter IR analyses, good practice requires that samples be rotated and multiple measurements
taken and avieraged in order to minimise possible differences in deposition across the filter,

8.6 Instrumental variation

8.6.1 X-ray| diffraction

8.6.1.1 Intensity

For optimum| XRD instrument performance, the X-ray source should be aligned and monitored routingly for
stability. An g¢stimate of instrumental drift should be performed whenever measurements are made. For XRD,
the intensity pf the copper radiation deteriorates over time.and*a correction should be applied to correct for the
instrumental [drift. An aluminum plate or any other suitable, stable robust material can be used as an exjernal
standard to dorrect a measurement for the gradual decline in X-ray tube emission from the calibration. Slich a
standard shduld be fine-grained, free from marked téxture and have a strong XRD peak in the same range as
the quartz or{cristobalite peaks being used for analysis.

8.6.1.2 24position

In a diffractoneter with Bragg-Brentano geometry, the diffracted intensity measured should be independént of
ent of the slit assemblies changes the semi-focusing geometry and may lead to intgnsity
ightly dependent on.26. Because the ratios of the intensities of peaks in different positions are
used both fgr identification and/quantitative analysis, such a displacement would lead to erroneous results,
although a displacement darge enough to have a serious effect is unlikely. Checking the intensity rafio of
diffraction pefaks from a feference sample is a method of detecting serious errors.

The peak width prevides a further check on instrument operation. It is appropriate to use a standard refefence
material such as\NIST 640c to check the instrument after service or to use other characterised material|such
as Arkansas|stdne that gives reproducible line positions.

8.6.2 Infrared analysis

A check sample, previously analysed proficiency testing sample or known standard should be used to check
instrumental drift and resolution.

8.6.2.1 Absorbance

On modern IR instruments, the laser intensity (energy) should be checked periodically for deterioration.
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8.6.2.2 Resolution

For IR, modern instruments employ their own checks for wavelength drift and the absorbance of silica is a
relatively broad peak. It is recommended that the resolution for analysis should be set at no more than 8 cm=1.

9 Internal quality control

The analytical precision is dependent on the particular conditions employed for the analysis. The aim of a
quality control scheme is to check every stage of an analysis. One way to check that an analytical procedure
is functioning correctly is to take a matrix-matched sample of known value through the entire analytical
procgdure in the same way as the field samples. Ideally, if an indirect analysis procedure is empl}yed then the

samples for quality control should be included with the samples during the preparation stage ofithe method, so
that both accuracy and precision are evaluated. Any untoward losses or contaminationcexperignced by the
field samples during the analytical process is likely to be experienced by the quality control sanjple also and
the apalyst may be alerted to any deviation and take it into account.

Itis n
be prepared. A suitable quality control material might be a filter spiked with.a known amount
silicaladded to it, or a past proficiency-testing sample.

ecommended that for analyses, which are determined frequently, a batch.quality control material should
of crystalline

ich easier to
5t form is the

bd practice is to plot the value obtained for the quality control‘sample on a chart. It is m
t changes in this way than by looking at lists of figures recorded in a notebook. The simple

A go
deted

Shew
+2s,

contr
procs

A go

hart chart that is described in more detail in Annex C. A Shewhart chart with simple rules, i.
bction at £3s, where s is standard deviation, is probably. sufficient for a laboratory starting
bl scheme. A more complex set of rules can be employed once analysts are familiar with g
dures.

bd practice is to check the standard deviationZof the method at intervals and revise the

e. warning at
up a quality
uality control

warning and

p limits if necessary. The data used to calculate the initial standard deviation may not be re¢presentative
bf the results

actio
and the application of a quality control scheme-may result in an improvement in the precision
obtaiped, so that the old warning limits may-no longer be appropriate.

10 External verification and-assessment of uncertainty

yeen the true
atory control
pf calibration
iclency testing
ith the results
formance to

A labioratory may be able to-control its precision, but still report inaccurate results if the bias bety

of analysis.
requirements
of the proficiency-testing scheme. In these cases, an internal assessment protocol is essent|al for monitoring
the quality of the data.

For interpretation of analytical measurements, good practice should include an assessment of the uncertainty
of the measurements. ISO/IEC Guide 98-3[4] describes an approach for estimating the uncertainty associated
with measurement. An uncertainty range should be reported with the results to aid in the interpretation of data.
An example of the ISO/IEC Guide 98-3[4] approach to estimate the uncertainty of results is shown in Annex D.
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11 Test report

11.1 Minimum report requirements

The test report shall contain at least the following information:

a)
b)

c)

d)
e)
f)
9)
h)

details of the method used, with reference to this International Standard;

all information necessary for the complete identification of the sample;

the condition of the sampling medium such as damage. overloading and any residual dust i

n the

containg

the dust

the mas

the estin

the LOD|

the nam

the nam

r used for transport;

standard used for the calibration;
5, in micrograms, of analyte;
nated expanded uncertainty;

and if appropriate the LOQ;

b of the analyst;

e and address of the laboratory;

the signature of the laboratory manager or a person delegatedy the laboratory manager;

the date

the nam

of the analysis;

e and the model of the instrument used forthe analysis;

identification of the report;

the inter
analytica
the storg

all oper.
details

ferences present during the analysis of the sample;
| range of the calibration standards;

ge period of the samples;

ting details nof specified in this International Standard, or regarded as optional, togethe
any incident.ithat may have influenced the result(s).

11.2 Datajto be archived by the laboratory

The followin

a)
b)
c)
d)

e)

14

is'the minimum that should be archived by the laboratory:

with

a copy of the report sent to the customer;

a copy of the scans and parameters of the instrument;

the calib

ration curve;

the samples for a period of time to allow analyses to be verified;

a copy of the written procedures used to perform the analysis and the results from any tests used to
demonstrate the comparability of any changes from the standard method.
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Annex A
(informative)

Polymorphs of crystalline silica and their interferences

Interferences in the XRD and IR spectra of RCS

Indugtrial hygiene samples for RCS are often taken in environments that include mineral maty
graphite in the iron and steel industry and various silicates in agriculture and ceramics;~Fhe
minefal compounds that have characteristic peaks in close proximity to the peaks of.'the cry
polymorphs can interfere with the measurement of the RCS. It is important to characterise the composition of
the dust that was collected in order for the analyst to have a good understanding of\any suspect
compounds. When the sampled dusts are submitted to the laboratory for analysis) it'is advisable

avail
trans

A1

In XH

ble information relating to the industrial process, including raw materials, extractior
formation products and packaging of the final product.

X-ray diffraction

D, interferences can be detected with the analytical technique. Most XRD reference meth

qualifative analysis of a representative bulk sample in order to investigate the presence of interfe

(NIO
can |
If inte
seco
analy
know
valug
main
obtai
peak

BH Method 7500[8], OSHA Method ID-142[10], and MBHS 101['3]). In this case, the interfe
e identified in corroboration with any information provided by the hygienist who collected the
rferences are found, sample clean-up can be petformed prior to analysis of the respirable
ndary peak can be used with an associated loss;in sensitivity. Other XRD reference method
st to measure all the principal peaks for each-crystalline silica polymorph (OSHA Method ID
n relative intensities are concurrently compared during each sample run and deviation from
is considered to be an indicator of the\interferences in that sample. In XRD, the diffraction
polymorphs may be subject to overlap, changes in intensity or distortion of peak shape. It
n a reference profile from the calibration material and to use software to compare the rela
width, and peak symmetry with.the peak profile of the sample to estimate the amount of S

How!

ver, it may be simplest to reject results from peaks with interference and use a different sili

analysis. Alternatively, if the iterfering phase is known, it may be possible to make a simple
measguring the intensity of another line of the interfering phase and then making an appropriate adjustment to
the intensity. It is to the~advantage of the analyst and the hygienist to have a working know

comn

The f

hon interferences‘that are found in various industrial environments.

pur main peaks of a-quartz are given in Table A.1 along with several known mineral interfer

ces such as
presence of
Stalline silica

ed interfering
to provide all
processes,

pds call for a
ring minerals
ring minerals
bulk sample.
samples or a
s require the
142[10]). The
the expected
peaks of the
s possible to
ive intensity,
ilica present.
Ca peak form
correction by

ledge of the

ences.
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Table A.1 — Peaks and intensities of a-quartz and known mineral interferences

Analysis peak (100) (101) (112) (211)

Relative intensity 22 100 14 9

d(A) 4,26 3,34 1,82 —

Angle of diffraction (26) Cu K, | 20,85 26,65 50,17 59,96
Interferences

Albite X

Anorthite

Aragonite X XX

Barite XX XX

Biotite XX

Cristobalite

Graphite XX

Kaolinite X

Maghemite

Microcline XX

Mullite XX X

Muscovite XX

Orthoclase XX XX X

Sillimanite XX X X

Tridymite XX X X

Wollastonite XX X X

Wistite X

Zircon XX X

XX indicates|a serious interference

16
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A.1.2 Typical X-ray diffraction scans of a-quartz and potential interferences

For an XRD scan of crystalline a-quartz, see Figure A.1. For an XRD scan of a sample containing a feldspar
and o-quartz, see Figure A.2. Figure A.3 shows an XRD scan of a sample containing gypsum and a trace
amount of feldspar showing the potential for interference with a-quartz.
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A scan of cristobalite is shown in Annex B.

Figure A1 — An X-ray diffraction scan of crystalline a-quartz
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Figure A.2 — An X-ray diffraction,scan of a sample containing a feldspar (similar to albite) and

a-quartz
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Figure A.3 — An X-ray diffraction scan of a sample containing gypsum and a trace amount of feldspar

(albite low) showing the potential for interference with a-quartz

A.1.3 Infrared analysis

ent polymorphs of grystalline silica exhibit distinct absorption patterns. a-Quartz exhibits a

m-1, 460 cm>%.397 cm~1, and 370 cm~1. The 694 cm~! peak can be used for quantifica

amorphous sjlica‘by using the 694 cm~1 peak or, alternatively, a phosphoric acid digestion may
to anplysis. if<the phosphoric acid digestion procedure is used, the analyst should take care not t
contgct between acid and particles because the acid may dissolve the smaller sized particles
silical] Cristobalite exhibits characteristic peaks at 798 cm~", 623 cm=1, 490 cm~', 385cm1, 2
574 _ o , )

with the customarily used 798 cm~" peak. Tridymite exhibits characteristic peaks at 793 cm~1, 6
476 cm=1. It may not be possible to quantify tridymite in the presence of a-quartz or cristobalite.

Characteristic
at 694 cm1,
ion in cases

mineral interferences overlap with the primary doublet. o-Quartz may be quantified in thg presence of

be used prior
D prolong the
of crystalline
b7 cm=1, and
nces overlap
17 cm~', and

Matrix effects from interferences with other silicates present analysis problems. The following are examples of

minerals groups that can cause interference:
a) clays e.g. kaolinite, dickite;
b) feldspars e.g. albite, anorthite, orthoclase;

C) micas e.g. muscovite.
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The list is not exhaustive, since any mineral with a Si-O vibration stretch might contribute to absorbance in the
same area as the principal absorbances of the silica polymorphs. There is a potential for bias when correcting
for matrix absorption effects, with the bias increasing at low levels of quartz. In coal mining, the assumption is
made that a-quartz is the only polymorph present due to the geological processes involved in coal formation.
Generally, the only significant mineral interference found in coal is kaolinite. The analytical method MSHA
Quartz Analytical Method P-7['1] gives a spectral correction procedure for eliminating IR interference from
kaolinite. Although most analytical chemists are familiar with the IR technique as applied to organic analyses,
mineralogical samples require additional knowledge of geology and mineralogy to correctly interpret data for
the laboratory client. The example shown in Figure A.4 gives the transmission spectra of quartz, cristobalite,
non-crystalline silica and kaolinite.
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Key
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4  kaolin

Figure A.4 — FT-IRtransmission spectra of quartz, cristobalite, amorphous silica and kaolinit

\’4

20 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=b93e2136e37f4235e0ceae2ce419bf64

B.1

ISO 24095:2009(E)

Annex B
(informative)

The quantification of cristobalite using X-ray diffraction

Quantification of cristobalite

The quantification of cristobalite is difficult because of the variations of position and intensity-6f tl‘ue diffraction
maxima of both o~ and B-cristobalite. The intensity of the diffraction lines has been shown(o-va
of three in some samples. It is possible that some of this variation is due to the two distinctly diffe
cristgbalite.

The

to th
contg
have
stang

B.2

igh temperature B-cristobalite is stable at temperatures above 1 470 °C but undergoes rap
b o-form when reaching about 200 °C on cooling. Therefore, it is assumed that workpl

C

shown that the B-form can exist. If the B-cristobalite is analysed using the o-cristobali
ard, the result has significant bias.

Quantification of cristobalite in the presence of opal and amorphous si

y by a factor
rent forms of

d conversion
hce samples

in the o-form. See Figure B.1. However, studies of devitrified aluminesilicate ceramic insulation material

e calibration

ica

Someé cristobalite samples show a diffuse scattering under the cristobalite maxima, either fro

scatt
disor
quan
inclug
to 50
since
sharf
may

Sam
samp

bring of amorphous material with localised areas of arrangement such as silica glass

%. The essential requirement for occupational hygiene is the measurement of the crystallin
this is thought to cause the most serious health problems. Therefore it is reasonable to
crystalline maximum since this represents the most crystalline material. Profile fitting or Rig
be a useful software tool to separate the crystalline from the amorphous or poorly crystalline

bles of opal show a full range of crystalline behaviour from highly ordered cristobalite (opal
les of opal CT) through fo a broad amorphous peak in the region of the a-cristobalite maxim

Quantification of cristobalite in the presence of tridymite

¢ samples”of cristobalite show a broadening of the diffraction maxima and occassion

the diffuse
from some

Hered structure within the crystalline silica. The’question for the analyst is where to set thg baseline to
ify the crystalline material. This is a subjective judgement by the analyst since, in some samples, the
ion of some of the broading of the base 6fthe cristobalite peak may increase the area coupted by 30 %

component,

quantify the
tvelt analysis
material.

C and some
B (opal-A).

Blly tridymite
tridymite, the
the tridymite

tation. In the

absence of a callbratlon for trldymlte best practlce is to report the value obtalned for crlstobalrte and note it as
a minimum value due to the presence of trydmite.

Figure B.2 shows an XRD scan of crystalline tridymite, while Figure B.3 depicts the combined XRD scans of
cristobalite, quartz, and tridymite.
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Figure B.1 — An X-ray diffraction scan of crystalline a-cristobalite
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Figure B.2 — An X-ray diffraction scan of crystalline tridymite
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The cristobalite in this example came from an industrial source and contained a trace amount of|quartz.

Figure B.3 — The combined X-ray diffraction scans of cristobalite, quartz and tridymite
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Annex C
(informative)

Example of quality control charting for respirable crystalline silica

It is useful to record or plot the result obtained by each individual X-ray reflection or IR absorbance used in
analysis because differences in background or peak position when analysing the same sample may produce
an unexpected result on one of the reflections/absorbances and bias an average value. The example in
Figure C.1 s’Fows the variation of the measurements of the primary XRD 26,6° 26 peak on acsample

containing apout 100 ug of a-quartz. Similar plots can be created for IR analysis. The ratio betweeh the
results obtaimed and the value of the quality control material is plotted against the date of analysis."The palue
of the quality control material can be a theoretical or known value determined from the mass{eaded on to a
filter or an agsigned or participant value from a proficiency-testing sample. If these values are)used, the ratio
of the result pbtained with the assigned value may also provide an indication of potential bias: The ratio father
than absolutg difference from the quality control value is often plotted so that samples with slightly different
values can bg included on the same chart. When using XRD, membrane or PVC filters-become dry and prittle
after repeatdd measurement. A slight trend towards larger values is not unexpected when measuring|RCS
with X-rays gdn these types of filter materials.

i

1 ,Tf
-~ 1
105 - 2
: T Mﬂr\
.‘\y .- .

095 - 4 5
/

Key
t date of analysis
I ratio of result and target value

1 upper action limit

2 upper control limit

3 lower control limit

4 lower action limit

5 quality control ratio value

Figure C.1 — A quality control chart for X-ray diffraction measurement
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Annex D
(informative)

Estimation of expanded uncertainty for measurements of respirable

D.1

Unce
relial

unce
exce

estal]
meas

RCS

risk

of a
occu
unce

0,499

accu

deter
to ag
meag

requi

guids
and ¢
if it can be demonstrated they provide a ‘“realistic” assessment of the variability of results.

D.2

This
ident
preci
Acco
of ty
unce
cove

u

©I1SO

crystalline silica

'Uncertainty estimmation

tainty of the result, further measurements may have to be taken to increase confidence that

urements decreases as the amount of analyte measured is reduced. It is _possible that ver

f developing silicosis. Performance requirements, such as EN 482 and Chapter E of the N

tainty of a measurement, including sampling, should be“« 50 % in the concentration
times the LV and < 30 % in the concentration range 0,5 to 2 times the LV. NIOSH ha
acy requirement for laboratory tests of +25 %, which' may be expanded to +35 %
mined using field comparison of methods. Therefore;it'is important that, when measureme
sess compliance with an LV, information about’ the expanded uncertainty or variab
urements is available and that the method> selected is demonstrated to meet the
fements of EN 482 or NIOSH at the appropriate occupational exposure limit. This an
nce about how to calculate the uncertainty_of RCS measurements to comply with ISO/IEC
ives an example of the uncertainty associated with a reported value. Other approaches may

Uncertainty of measurement

method of calculating the uncertainty requires the analyst to examine the analytical pr
fy each individual\component that may add to the variability of a measurement. Estir
sion of each component are then calculated as a standard deviation or relative error an
rding to ISO/IEC.Guide 98-3[4], the n single components of uncertainty of type A and the m
be B uncertainty can be estimated or calculated and then properly added to obtain
tainty, u ). JThe final expanded uncertainty, U, is calculated at the end, multiplying Uc) by an
age factor, & = 2, if the degrees of freedom are at least 30.

[ n

rtainty is quoted on measurement reports so that occupational health professionals) car
ility of a measurement value when interpreting data. If the exposure limit value (LV)'is with

bded. Knowing the expected uncertainty of the measurement is especially important
lished at masses that approach the LOQ of the measurement methods, since the relativd

palytical methods (Reference [9]), describe the maximum allowable uncertainty or ir
bational hygiene measurement methods in terms of relativel érror. EN 482 states that the expanded

assess the
in the stated
the LV is not
if LVs are
precision of
low LVs for

will be established in many countries because there is no measurable exposure level whefe there is no

OSH manual
accuracy of

range 0,1 to
ve a method
for accuracy
nts are taken
ility of RCS
performance
nex provides
Guide 98-3[4]
still be valid

bcedure and
hates of the
d combined.
components
a combined
approximate

(c)4 = \/21;”5/1 +Z1;”;A

U=2Lt(c)
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where

u,, is the sampling uncertainty of type A,
u,p is the sampling uncertainty of type B;
u,, is the analysis uncertainty of type A;

u,p is the analysis uncertainty of type B.

The single compenents-of-the-uneertainty-of- samplingeanmainty-be-those-tinked-to:
a) volume gf sampled air;

b) efficiency of the sampler;

c) transportfation and storage of samples.

The single components of the uncertainty of analysis can mainly be those linked to:
1) analyticgl variation;

2) correctign for the recovery or bias of the method;

3) instrumgntal drift.

Clauses D.3 jand D.4 give guidelines on how laboratories can guantify each of these components.

D.3 Sampling

The analyst [can only assess the variation of thexmeasurement itself rather than the sampling environ
The precise gharacterisation of the sampling environment is the responsibility of the individual supervisin
collection of the sample, who is not always the same person that measures the sample. If the purpose

uncertainty gstimate is to assess if the (method complies with EN 482, then it should include the estim
the contributjon from the sampling procedure directly influencing the measurement. Many of these sa

components jare not easily estimated)within a laboratory and it is common practice, in these circumstanc
include a valpie taken from published standards (see guidelines in EN 482).

The sampli
determined

components ‘and typical values associated with the sampling process and how the
re shown in’Fable D.1.

The dust on|the filter material should not suffer any degradation or loss if it is stored under normal labo
conditions. Bample loss occurs if pressure is applied against the sample surface or if the sample i

ment.
g the
pf the
te of
pling
bs, to

are

atory
S too

heavily loaded_(> 6 mg for 25 mm diameter filters). At most normal loadings (<4 mg), the respirable d

st is

safely contained on the filter and is not lost if the sample is handled with care. The filter material degrades if
the sampling environment is particularly humid. In most circumstances, transportation and storage can be

ignored for crystalline silica measurement uncertainty estimation.

D.4 Analysis

The processes in D.4.1 to D.4.3 are associated with the analysis. A summary of typical values for
process is shown in Table D.2.

each
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Table D.1 — Summary of uncertainty contributions and typical values for RCS sampling

Variable Determination method Typical values
Master flow meter calibration Test certificate 0,6 %
(bubble flow meter)
Pump rate reading 10 repeat measurements 1,9 %
Sampling time Estimation from EN 482 assuming 4 h 0,24 %

sampling period

Sampling instrument

Callll. IcltiUlI Uf bdlllp:l.‘:l tUbt bythlll LIDtUd do d typlbd: VdiUC ill Er‘; 13205 1 r'/0 tU 2 r'/0
Estimation of sampled concentration |Listed as a typical value in EN 13205 1% to.2'%
Bias|relative to sampling convention |Listed as a typical value in EN 13205 5 % to 10 % for,well gptimised
samplers
10 % {0’25 % otherwise
Indiidual sampler variability Listed as a typical value in EN 13205 3%to7%
Excyrsion from nominal flow rate Listed as a typical value in EN 13205 2 %’to 5 % if the concentration is
calculated from the nomipal flow rate
5 % to 9 % if the concgntration is
calculated from the avergge flow rate
Sampling uncertainty taking mid range values listed in EN 13205 11,8 % from average flow rate
10,1 % from nominal flow rate
NOTE Some countries recommend using the nominal flow rate for, cyclones or impactors as the sampling instrument is able to

self-Jompensate in terms of the mass, because the separation efficiency.is dependent on the pump performance.

Table D.2 — Summary of uncertainty_contributions and typical values for RCS analysis

Variable Determination method Ty;;\;c;::]zzh;‘esa Typ Z?Lzzlgesa
Certified standard From certification 1,4 % t0 0,4 % 1,4(% to 0,4 %
Analytical precision Within laboratory reproducibility 9%
Instrgimental precision Repeat measurements 5%
Calibration Residual error 7%
Recqvery/method bias Recovery tests/proficiency test results See D.4.2 See D.4.2
Instrgiment drift Variation of differences 2% 2%
Analysis uncertainty 9% 9 %

@  HKor @400 ug sample
Methad A“— Uncertainty estimation from an intermediate reproducibility exercise where the test samples are includdd in the whole

analytical procedure including recovery

Method B — Uncertainty estimation from a repeatability exercise where calibration is traceable to primary standards.

D.4.1 Analytical precision

D.4.1.1 Method A — Determining analytical variation from intermediate reproducibility

This component comprises both the instrumental and calibration error and can be determined from a within-
laboratory exercise; measuring replicate samples at different measurement levels across the analysis range
on different days and calculating the reproducibility using ANOVA. The relationship between reproducibility
and the mass measured should be characterised across the analytical range and the equation used in the
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calculation of the reported uncertainty since the precision is not expected to be constant at all measurement
levels. It is difficult to accurately produce replicate samples using aerosol deposition methods and, in these
circumstances, laboratories may choose to calculate the uncertainty from repeatability and calibration data
(Method B) or use within-laboratory precision results from interlaboratory comparisons (subject to certain
considerations). This procedure can be used when laboratories are using methods that are able to produce
replicate test samples. Alternatively those laboratories using direct on-filter methods may prepare pairs of test
samples with similar loadings, normalise the results obtained for each pair with their average and calculate the

reproducibility of the normalised results.

D.4.1.2 Method B — Determining analytical precision from repeatability data

The comporjer

D.4.1.21 Instrumental precision

consideration.

D.4.1.2.2 Calibration precision

The uncertaipty of weighing and volumetric procedures involved in making the calibration test sample]
small when lising methods where the test samples are prepared by pipetting known aliquots of susper
such as NIOBH Method 7500I8]. However, in a method where the test samples are prepared by the rep
weighing of flters, the error can be as much as + 6 % in a well-controlled environment. If weighing is us
prepare the galibration test samples, then this factor should be carefully controlled because it may becon
important contribution to the uncertainty of the calibration Jine.

The uncertaipty of the calibration line is determined.from the square root of the sum of squares of the reg
errors. This iIs the sum of the differences in the wvalue of the mass on the standard compared with the
calculated flom the intensity obtained when_measuring the standard and calibration coefficients.
uncertainty of the calibration line, u, is given by Equation (D.4) (see Eurachem/CITAC Guide CG 4[13]).

L\ 2
Sclres err i+i+ (mobs —m)

Usg =—] b — 2
c np nc Z(ml - m)
where
be is the ealibration slope co-efficient;

alline
Id be
Cision

S are
sion,
bated
ed to
e an

idual
value
The

(D.4)

Scres err | i6-the standard deviation of the residual error of the calibration line;

fg is the number of calibration standards;
is the number of measurements;
Mgps is the observed value;

m is the average mass of the calibration standards;

m; is the mass of calibration standard i.
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where

Sc, res err

in which

I; is the intensity of calibration standard 7;

I is the observed value of the intensity.

(D.5)

P

The root mean square (RMS), s; o5 e Should be calculated taking into account the degree
(g —12)-

The fterm

‘ Mpred ~ ”_1)2
> (m; —m)”

allowg for an increase in uncertainty at the extreme masses of the,ealibration and is almost zero
of the calibration range.

The feported masses of most measurements of RCS are,at the lower end of the calibration

formdla should not be simplified. The value obtained from-the calculation is in terms of mass 3
compared with the predicted mass to obtain a relative_value to use in the expanded uncertainty

the amount of analyte on the calibration test samples’is traceable to a primary standard, the resid
includles an estimate of method bias.

Tablg D.3 is an example of the XRD calibration line of the primary quartz peak at 26,6°.
In the example given in Table D.3, the uncertainty in the calibration line is small in terms of micrg

termg of relative error it makes an impact on the expanded uncertainty when measuring masse
less (see Table D.4).

D.4.2 Method bias

D.4.2.1 Calibration-dust standard

Either the calibration or the reported results should be corrected for the known crystallinity
standard used\for calibration to prevent potential bias. The certified value for crystallinity h
variapility that can be included in the uncertainty estimation. However, the variability of the certi

5 of freedom

(D.6)

in the centre

range so the
nd has to be
calculation. If
Lial error also

grams but in
5 of 25 g or

of the dust
as a known
fied value for

(x-querrtz is likely to be very small (0,4 % to 1,4 %) and does not influence the expanded estimate.

D.4.2.2 Recovery

This is a major source of potential bias. A separate estimate for this is not needed if the samples used in the
intermediate precision exercise are involved in the whole analytical process, otherwise it should be

determined separately by measuring the mass recovered from loaded filters included in

the sample

preparation process. It is important to gain an estimate of the loss of analyte at the LV and half the LV for full
and half-shift sampling. The reader should be aware that some procedures might not permit half-shift

sampling.
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