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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.
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Introduction

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 respiratory protection or effectiveness of other controls. Studies
have found that procedures to ensure the quality of RCS measurements must be followed to ensure
results are fit-for-purpose. This is especially true if it is desired to accurately measure RCS at levels
below applicable occupational exposure limit values where greater measurement variability can be
obsefVed. Reasonable measurement uncertainty can be achnieved with proper controis to limit bias
and measurement variability and the usefulness of RCS measurements to make informed (decisions to
prote¢ct worker health can be upheld. This document is intended to be of benefit te,thosq involved in
the determination of RCS in the workplace, e.g. agencies concerned with health,and safg¢ty at work;
industrial hygienists; safety and health professionals; analytical laboratories; inddstrial us¢rs and their
worNers. Readers should be aware that in some countries there are legal requirements fof the quality
assurance of these measurements.
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Workplace air — Guidance for the measurement of
respirable crystalline silica

1 Scope

This document gives guidelines for the measurements of respirable crystalline silica in air using direct
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Normative references

Terms-and definitions

ter Or IdiTect X-ray diffraction amd infrared amatysis methods,; inctuding quatity a3
urements. The scope of this document includes the following crystalline silica polymo
ristobalite.

e guidelines are intended for use in conjunction with the following specific-analyti
r the jurisdiction of ISO TC 146 SC 2: ISO 16258-1, ISO 16258-2, and I1SO 19087. When us
pse documents, this guidance will help to ensure measurement procedures meet the
rements stipulated in ISO 20581, to enable the results to be compdred to occupation
values (OELV) in accordance with EN 6891401,

e guidelines are also relevant to the analysis of filters obtained from dustiness meas
rdance with EN 150511 and EN 17289331,

following documents are referred to in the text'in such a way that some or all of t
Fitutes requirements of this document. For-dated references, only the edition cited
ted references, the latest edition of the referénced document (including any amendme

708, Air quality — Particle size fractign definitions for health-related sampling

3137, Workplace atmospheres — Pumps for personal sampling of chemical and biologid
rements and test methods

8158, Workplace air — Terminology
EC 17025, General reguirements for the competence of testing and calibration laboratori

3205, Workplace-atmospheres — Assessment of performance of instruments for med
rne particle cdngentrations

pects of the
rphs: quartz

ral methods
ed with any
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urements in

heir content
applies. For
hts) applies.

al agents —

)

surement of

he purposes of this document, the terms and definitions given in ISO 18158 and the foll

bwing apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

I

I

3.1
resp
RCS

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

irable crystalline silica (RCS)

particles of crystalline silica that can penetrate to the unciliated airways
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collection substrate
medium on which airborne chemical and/or biological agents are collected for subsequent analysis

Note 1 to entry: In RCS analysis, filters or polyurethane foams, alone or contained within capsules or cassettes

are examples
[SOURCE: IS
3.3

of collection substrates for airborne particles. Impinger solutions are not applicable.

0 18158:2016, 2.2.3.7, modified for relevance to RCS measurement]

analysis filter

suitable filt
Note 1 to ent

Note 2 to ent
an analysis fi

4 Princi

The aim of]
analysis of
Therefore, s
measureme

rused to carry out the RCS analysis

ry: For direct-on-filter analysis the collection substrate is the analysis filter.

Fy: For the indirect analysis the dust is removed from the collection substrate and redeposited
fiter.

ple

ections in this document deal with the many factors that may influence the variabilit}
ht around the true value. The uncertainty of an air measdrement is the combination d

variation of|measurements from the true value from both the sanipling and chemical analysis. W
these two broad headings are other factors, some of which are illustrated below.
a) Organigational factors:

1) strdtegy;

2) method;

3) training and experience.
b) Measurgment factors:

1) sanmpling instruments;

2) calipration;

3) sampple preparatien;

4) instrumental.variation;

5) interferences.

The variabi

this document is to give information to select the most appropriate method for
RCS. In addition, information is provided to minimise the/uncertainty in measurement.

onto

the

7 of a
f the
ithin

ityof 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 measurement can be monitored and controlled to reduce the expanded uncertainty. With such an
approach, the variation of the measurements is minimised.

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.
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re 1 — Cause and effect diagram illustrating sources of uncertainty in the meas
respirable crystalline silica

Analytical quality requirements

level of analytical quality necessary_for effective occupational hygiene monitorin
dered before establishing requitéments for a quality assurance program. Statisf
‘ol procedures can determine what is currently achievable in terms of intra- and intq
sion and bias and may throw.some light on the relative accuracy of different methods
etermine what are desirable.levels of trueness and precision.

bearing on analyticalquality requirements.

Performaiice-Criteria give limits to the expanded uncertainty in occupational hygien
e the potential-for incorrect decisions due to the poor precision of results (ISO 20581). Thi
les the imprecision in the sampling and analytical methods and is specified as a maximum of
ure limitvalue and = 50 % at about half the limit value. The National Institute for Occupation
h (NIQSH) in the USA stipulates an expanded accuracy requirement of + 25 % for its occupat
pds‘based on laboratory tests[2l. The NIOSH accuracy requirement can be expanded to + 35 %
mined using field comparison of methodsl3]. The relationship between different approaches ta

nrement of

b should be
ical quality
brlaboratory

but they do

bxistence of legislative.requirements to take corrective action when exposure limits are exceeded

b analyses to
b uncertainty
= 30 % at the
al Safety and
onal hygiene
for accuracy

determining

uncertainty limits have been exploredl®=2l.

6 Administrative controls

ISO/IEC 17025 specifically addresses the establishment of a management system to ensure the
traceability of measurements. In some countries, accreditation to ISO/IEC 17025 may be a legislative
requirement.

Communication between those collecting the samples and those analysing them is encouraged in all
cases but is especially important where the analyst does not prepare the sampling media.

Laboratory managers should consider whether analysts would benefit from training in mineralogy
and/or advanced analytical techniques, such as peak profile fitting and spectral interferences.
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7.1 General

The sampling strategy shall be appropriate to the objectives of the survey.

NOTE

Reference [7] from the American Industrial Hygiene Association (AIHA).

EN 68940 specifies one sampling strategy. Other examples include Reference [6] from the NIOSH and

Additional factors that should be considered are minimum sampling times for low concentrations and
maximum sampling times for high concentrations.

Pumps con
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Changes to
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forming to the requirements of ISO 13137 are preferred, and the main require
bump pulsation from ISO 13137 shall be fulfilled for the pumps in use.

EN/TR 15230[8] contains information regarding size-selective sampling procedures:

juipment and the associated collection substrate shall be compatibleywith the inte|
nalysis. In some recommended or official methods, the sampling instrument is spec
official or recommended methods shall be validated to ensure they are appropriatg

ler

campler shall sample aerosol in accordance with «the definition for respirable
hetration given in ISO 7708, except where local regulation requires otherwise, and h
b as required by EN 13205. Conventions for pargicle depositionl12] may also be consid
pns included in the sampling trains shall be checKked prior to use to avoid leaks.

he range of sampler types available, practical aspects of their use require considera
nost important is the flow rate requir€d, both with respect to the size, mass, and cq
bd, the preferred sampling time-period, as well as with respect to the Limit of Dete
imit of Quantitation (LOQ), but ceniversely also the potential for overloading. There m
fic to certain samplers such as particles adhering to walls, orientation to the wind, a
re-use or even complexity ofi.calibration and checking the flow rates. Refer to Annex
on the differences in perforimance of samplers. Consult the product information beforg

NOTE T

variety of types are available. Many-of these are designed for connection to a housing containing a filter to c
the separated, respirable particles. In recent years it has been shown that particles passing through the cy
which should then be deposited on the filter can be attracted instead to the walls of the housing if it is m3
non-conducting plasticll These particles are intended to be part of the sample but are not included if on
filter catch is|analysedlt'is recommended to use conductive (static-dissipative) plastic cassettes for the pu
of housing filfers instéad of non-conductive plastic cassettes.

7.3 Filtenstand foams

e most commonly used“sampler for respirable size-selection is the miniature cyclone, and a
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Filters shall be of a diameter suitable for use in the selected sampler. The filter type selected for
sampling shall have a filtration efficiency of not less than 95 % over the range of particle sizes to be
collected (1 um to 10 um)[1l. Most polymer membrane filters, except polycarbonate filters, regardless
of the nominal pore size, exhibit this characteristic over most flow rates. Foams are generally associated
with a specific sampler and only the type of foams supplied for the sampler shall be used. A different
type of filter than the foam or filter used for sampling may be preferred for analysis. Re-deposition of a
collected foam or filter sample on another filter or other medium is generally referred to as an indirect
analysis, rather than a direct analysis where the sampling filter is directly inserted in the analytical
instrumentation. While it is possible to re-deposit the sample on to a different substrate from that
used for sampling, this step may add 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.). Not all filters are suitable for all analytical methods.
For example, silver membrane filters are suitable for X-ray diffraction (XRD) analysis but not infrared
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(IR) spectroscopy. Polyvinylchloride (PVC), polypropylene, or PVC-acrylonitrile co-polymer filters
have suitable IR characteristics[12], but a potassium bromide bead can also be created for indirect
analysis[13], Filter material may degrade if the sampling environment is particularly humid.

7.4 Sampling flow measurement devices and pumps

The device used to measure the flow through a sampling pump shall have its calibration traceable to
national or international standards through an organization accredited for the purpose. Float-type
flow meters (rotameters) are not traceable to national or international standards and can only be used
to indicate the possibility that flow rates have deviated from the allowed range. Corrections to the flow

rate

readings from rotameters may be necessary to take account of changes in air densi

ty resulting

from|
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when sampling veryhigh concentrations, and the pressure drop resulting from build-up of
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conditions of temperature and pressure and relative humidity which differ from
] calibration of the rotameter. The reading of a rotameter used for this purpose-shal
to use with a calibrator traceable to primary standards. Extreme conditions 6f temp
bure can have an influence on volumetric flow meters, and they should be.ealibrate
fate measurements at the worksite conditions. Mass flow meters require coxrection fo
pctions are only necessary when the conditions at the site differ substantially from
ow rate check was originally made (e.g. using the universal gas law, @temperature ch3
d change the volume sampled by about 3 %, but an altitude chafige of several thouj
d have a much more profound effect). If the flow rate has beerrxsét away from the s3
v rate check of the sampling train should be made close to’ the site of the working
re the pump is functioning correctly and any necessary adjustments are made prior to

battery for the sampling pump should be fully chaiged prior to the sampling exe
g personal samples, sampling pumps worn by personnel should not impede n
ity. Sampling pumps shall comply with the praywisions of ISO 13137, or equivalent g
lard. Most pumps have an adjustable flow rate 'and a means for setting a specific flq
ler requires operation at a specific (nominal)flow rate to meet specified size-selectiy
cting a respirable size fraction. Excessive pulsation in flow will cause deviations from {
rmancell4], therefore pumps for this purpose shall meet the requirements of the puls
3137. Pumps shall maintain the nominal flow rate to within #+ 5 % throughout the samj]
hus shall incorporate a flow faultindicator, or have their flow rate checked frequently
ampling period to detect flow deviations. Prior to sampling, the flow rate value sh
as possible to the nominal ahd in any case within a range of +/- 5 % of nominal. The p|
rate shall be recorded. If flow rate through the sampler is checked at regular interval
ling period by means ofarotameter, this device does not require a calibration traceabl
fernational standards. If the flow rate during sampling is not within * 5 % of the nomin
bn recording the flow'rate measurement shall inform the person responsible for commy
ts to note the pbSérvation in the final report. Flow rates can fall below 95 % of the ng

exceeds the<flow compensation capability of the pump. The sampler is removed from
nd of the.sampling period. The flow rate through the pump and the sampler used to
ling flow rate shall be measured post-sampling and reported. When the post-sampli

ort

urement is within 5 % of the pre-sampling value either the pre-sampling value, the ay

hose of the

be checked
erature and
l to provide
" air density.
hose where
nge of 10 °C
and metres
mpling site,
bperation to
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d procedure

in usell2], Where the post-sampling flow rate measurement is not within 5 % of the nominal value, the
user of the results must consider that the size-selective performance of the sampler may have been
compromised. Therefore, the results may have no validity, even if only the low or high flow rate value is
used for calculating concentration.

7.5 Sampling period

7.5.1 Select a sampling period that is appropriate for the measurement task but ensure that it is
long enough to enable RCS to be determined with acceptable uncertainty at levels of industrial hygiene
significance. Many OELVs for RCS are couched in terms of an 8-hour shift average, and so sample numbers
and/or sampling times should be sufficient to ensure appropriate coverage. If work-shifts are longer and
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exposure continues, longer sampling periods may be necessary, together with consequent adjustment of
the OELV.

NOTE If the minimum sampling time required for analytical sensitivity is too long, consider the possibility
of using a sampler designed to be used at a higher flow rate or modifying the analytical procedure to obtain
greater sensitivity.

7.5.2 When high concentrations of airborne particles are anticipated, the sampling period may
be reduced to not risk overloading the filter with particles (with subsequent additional samples as
necessary where compliance with an OELV is being tested). While many published methods caution not
to exceed 2 mg total deposit, this is a very conservative recommendation as loadings up to 4 mg have
been circulafed in round-robin studies without significant Ioss of samplel™2l. However, it is also necepsary
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of the interf]
80 % quartg
linearity.

7.5.3 Wh¢
made to de
quantitation
sampler tha

7.54 Matj
up less than

low, and majtrix reduction procedures cannot be applied, the silica content of the sampled dust c3
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7.6 Trang

he matrix absorption effects from sample loading on the maximum allowable valué) T

ence [17] shows that in a “worst case” standard sample, which was defined as 5/%6-qua
h an x-ray absorption coefficient of 1 000 (hematite), the critical value where deviation
alibration is 20 % is 2 mg on a 2,1 cm filter diameter, and so above this loading approp
should be applied to account for the non-linearity. If the sample is 80 % quartz the devi
1 less (see Figure 17), and, since the effect also depends on the mass-absorption coeffi
brent, a “typical” coefficient of 40 (with feldspar or calcite) would lead’to a critical valy
of 2,4 mg.cm2, Over a 2,1 cm diameter filter this is greater than 4 mg loading before

n concentrations of RCS lower than 0,1 mg.m3 are anticipated, or if measurements are 1

may be collected if the sampling flow rate is low. It'may be necessary to consider us
f operates at a higher flow rate for appropriate sensitivity.

[ix effects in both IR and XRD procedures lifnit the possibility of analysis when RCS nj
1 % of the collected dust. When concentrations of dust are high, and the silica contg

d. Therefore, confirming the presence of RCS around an OELV will not be possible, evg
ger volumes of air.

r example, if the respirable dust concentration is greater than 2,5 mg.m3, it is not likely po

b mg.m3 when the analytical result for RCS is “none detected”. Thus, there is value in measuriy
ted gravimetrically tolbe able to detect and warn clients of this situation. Removal of matrix, €

pf RCS in respirabl® dust. However, even with sample reduction it can still be difficult to co
Fhere there ismo.detection. For example, if the dust concentration is 5 mg.m-3 and 50 % is ca
calcite only-leads to the same situation as described above. Therefore, it is advisable to re-y
reductiof to detect this situation.
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At most normal loadings (< 4 mg), the sample (of respirable dust) is safely contained on the filters
specified in 7.3 and is not lost if the sample is handled with care. Test samples containing up to 4 mg
of borax on glass fibre and PVC membrane filters have been sent through postal systems without
significant losses in material from the filter(16l,

NOTE For indirect methods the provision of sample losses in the cassette can be addressed during the

sample preparation stage. However, sample losses in the cassette can be a source of bias for direct-on-filter
analysis.
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8 Procedures

8.1 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 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 However fine dust particles are virtually invisible agalnst most cassette
materials,s - sibi 3

cond ctlve cassettes can be useful in m1n1m151ng Wall dep051t10n of dust[10]

8.2 | Method validation

Laboratories shall use only published validated methods, or methods proven’by validation to have
com(Iarable or better performance characteristics when compared with published methods.|A Eurachem
Guidgl18] describes the method validation process. If deviations from a stAndlard method ar¢ made, then
the laboratory shall prove that the changes give comparable results and note the modifichtions when
the results are reported.

8.3 | Calibration

It is Fecommended to report the material used to preparerthe 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 experfence of the
analysts. When using XRD, it is not necessary to recalibrate frequently, when a calibration|is proved to
achigve satisfactory results, provided thejinstrumental conditions and parameters are mgintained for
the method of analysis, an external monitor is used to correct the calibration for tube driff and quality
control and/or external quality assurance programmes are in place to monitor the performance of the
procedure.

The [response from both XRD and IR analysis techniques is sensitive to the distribytion of the
size pf the particles on,the’surface of the analysis filter and different standards may haye a slightly
diffefent distribution-of-particle sizes, which may lead to differences in results between laboratories.
Meagurement of peak-area shows less variability with particle size for XRD, because, as|the median
particle size decfeases, the peak shape broadens, which decreases the height. Peak height is usually
meagured forJR@nalysis.

Where thesuncertainty in a measurement contributes substantially to the expanded uncegtainty, such

meagurements shall be traceable to national or international Standards. Weighing low micrggram levels
(< ZCMMMWMMMMMMMI of E2 class

certified check masses to verify the balance calibration. Humidity and electrostatic effects may affect
the stability of the weighing (see ISO 15767). Weighing procedures for filters are given in ISO 15767.

Good practices use not less than six concentration levels of calibration test samples in order to reduce
the standard error of the regression line to an appropriate level and use three replicates at each
concentration level. Since many standard preparation procedures involve serial dilution from a single
stock suspension, consider using two independently made stock solutions for verification. To reduce the
uncertainty of the calibration line, at low measurement levels, some direct on-filter analysis methods
for RCS recommend 30 calibration test samples because of the difficulty of producing replicates. The
calibration test samples need to be equally spread across the analytical range to avoid a regression or
other calibration model from being unduly weighted by isolated responses that may lead to significant
differences between results. Where calibration produces data with standard deviation varying with
mass of RCS (heteroscedastic), a weighted regression may be more appropriate for analysis. The
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calibration should be tested against some known sample such as a proficiency testing or spiked quality
control sample.

To minimise bias, the preparation of the calibration standards needs to be fit for its intended purpose.
For direct on-filter methods, the procedure for the preparation of the standards should match the
sample collection methods. For deposition methods, the procedure for the preparation of the calibration
standards should match the sample preparation methods.

If the calibration dust used in a laboratory is not a certified reference material (CRM) with a known
amount of RCS, then the response of the calibration dust should be compared with these materials to
determine any potential bias. It should be noted that even CRMs can have different crystallinity which
can lead to ¢ifferentrestlts-whentsedtoeatibrate qua}_y stsofa ocuuylc. H-the-absorbanee-ordiffrartion
peak profilg is outside the repeatability precision of the measurement and is considered significgnt at
the 95 % canfidence level, a correction factor should be applied to the final result or calibration{ The
result reporfted to the customer should use the calibration corrected for purity and crystallinity qf the
calibration qlust.

For examplg, if XRD is used and the difference between the area result for a sample 6f the bulk refefence
material is greater or less than 2,26 (Student t-distribution for nine degrees(of freedom), standard
deviations ¢f 10 peak area measurements of the bulk dust used for calibration then the corrertion
factor for criystallinity of the calibration dust is given in Formula (1):

ACM w
1= (1
A 100
Ref
where
ZCM is the average area, in counts per second, of th&principal peak(s) of the calibration matgrial;

Apes  Isthearea, in counts per second, of the same principal peak(s) of CRM or secondary standard
with a known concentration of RCS;

w is the mass fraction, expressed as a‘percentage, of crystalline silica in the CRM or seconjdary
standard.

Alternatively, the correction values for)common calibration dusts for a-quartz can be obtained [from
published wlork[12],

For more information on these techniques, refer to ISO 16258-1, ISO 16258-2, and IS019807.

8.4 Sample preparation

Some analy§is metheds require the dust to be recovered from the original air sample filter to allop for
sample treafment:to remove interferences and then the recovered dust is re-deposited on to anpther
filter. The best practice is to prepare several standards from a calibration solution and involve these
in the sample-preparation processtotest the recovery If the difference hetween the target value and
the results obtained from the recovery samples are significantly more than the expected precision of
the procedure, then a correction factor for recovery should be applied. For example, if the target value
is more than two standard deviations from the expected precision (determined from experience of

proficiency testing, quality control, published or method validation data) of the recovered values.

For re-deposition methods, it is recommended that laboratories choose the most appropriate “clean-up”
technique for the mineral matrix in the sample. This will also raise the silica percentage in the dust
which can be helpful in detecting low concentrations (see 7.5.4). Ashing in a furnace can remove
carbonaceous materials (use fresh crucibles each time for ashing in muffle furnaces) and dilute acids
can remove carbonatesl[20l, If carbonates are not removed then reaction with silica to form silicates
can take place at elevated temperatures. There may be matrix interferences such as silicates that
could be handled best by a sample clean-up step prior to analysis. This can be accomplished by an acid
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digestion[21l, This procedure does not successfully remove some silicates (e.g., feldspars, clays) and may
cause the loss of very small particles of RCS and the formation of amorphous silica.

During the re-deposition process, care should be taken that there is a complete seal around the filter
when filtering the crystalline silica suspension to prevent leakage leading to sample loss. Ultrasound
should be used before the filtration to overcome the agglomeration of particles in suspension and to
ensure homogeneity. Placing about 2 ml of solvent in the filtration funnel before pouring the sample
provides a cushion for the suspension and contributes to a homogenous surface.

XRD parameters related to sample preparation include sample homogeneity, size distribution of the
particles, size of the sample surface exposed to the X-ray beam, thickness of the sample deposition, and
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8.5.3

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 levels of quartz. In coal mining, the assumption
is made that quartz is the only polymorph present due to the geological processes involved in coal
formation. It is sometimes assumed that the only mineral interference found in coal dust samples after
acid-washing is kaolinite. Spectral correction is possible to eliminate IR interference from kaolinite in
coal.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1ee5ed996ca90a18084188238b795de3

ISO 24095:2021(E)

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

filter.

8.6 Instrumental variation

8.6.1 X-ray diffraction
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8.6.2.2 Re

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 procedure in the same way as the field samples. If an indirect analysis procedure
is employed then the samples for quality control should be included with the samples during the
preparation stage of the method, so that both accuracy and precision are evaluated. Any untoward
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losses or contamination experienced by the field samples during the analytical process is likely to be
experienced by the quality control sample also and the analyst may be alerted to any deviation and take
it into account.

It is recommended that for analyses, which are determined frequently, a batch quality control material
should be prepared. A suitable quality control material might be a filter spiked with a known amount of
crystalline silica added to it, or a past proficiency-testing sample.

A good practice is to plot the value obtained for the quality control sample on a chart. The simplest form
is the Shewhart chart that is described in more detail in Annex C. A Shewhart chart with simple rules,
i.e. warning at + 2 s, action at + 3 s, where s is standard deviation, is probably sufficient for a laboratory
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11 Test report

11.1 Minimum report requirements

The test report shall contain the minimum information required by ISO/IEC 17025, and the laboratory

shall
a)

have the following information available on request:

container used for transport;

b) the dust standard used for the calibration;
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c) the estimated expanded uncertainty;

d) the LOD and if appropriate the LOQ;

e) the name and the model of the instrument used for the analysis, and functional parameters;

f) the known other phases present during the analysis of the sample;

g) analytical range of the calibration standards;

h) the stor

age period of the samples;

i) all labo
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Annex A
(informative)

Polymorphs of crystalline silica and their interferenc

Interferences in the XRD and IR spectra of RCS
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Table A.1 — Peaks and intensities of a-quartz (fixed divergence slit mounted on the incident

beam, Cu Ka radiation) and known mineral interferencesl(24]

Analysis reflection (100) (101) (112) (211)

Relative intensity 22 100 14 9

d(A) 4,26 3,34 1,82 —

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

K(X

Interferences

Albite X X X

Anorthite X X

Aragonite X XX X X

Barite XX XX

Biotite XX X

Cristobalite X

Graphite XX

Gypsum XX X X

Kaolinite X X X X

Maghemite X X X

Microcline X XX

Mullite XX X

Muscovite XX

Orthoclase XX XX X

Sillimanite XX X X

Tridymite XX X X

Wollastonite XX X X

Wiistite X

Zircon XX X

Xindicates a partial overlap

XX indicates 4 possibly complete overlap, this line may not be suitable for quantitation in the presence of this interfer¢nce
A.1.2 Typical X-ray diffraction scans of a-quartz and potential interferences

For an XRD|scan (Cu Kelradiation) of crystalline a-quartz, see Figure A.1. For an XRD scan (Cu Ko
radiation) of a sample.containing a feldspar and a-quartz, see Figure A.2. Figure A.3 shows an XRD|scan
(Cu Ka radigtion) of\a.sample containing gypsum and a trace amount of feldspar showing the potgntial
for interfergnce with a-quartz.

14
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NOTH A scan of cristobalite is shown in Annex B.

Figure A.1 — An X-ray diffraction scan of crystalline a-quartz
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The scan shows potential interference with the 26,65° and 50,1° 20 reflections of a-quartz.

.2 — An X-ray diffraction scan of a’'sample containing a feldspar (low temperatuj

e
albité) and a-quartz
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Figure A.3 — An X-ray diffraction scan of a sample containing gypsum and a trace gmount of
feldspar (low temperature albite) showing the potential for interference with a-quartz

A.1.3 Infrared analysis

7. exhibits a
H secondary
be used for
artz may be

4 phosphoric

is used, the
he acid may

quantification in cases where mineral 1nterferences overlap with the customarily used 798 cm1 peak.
Tridymite exhibits characteristic peaks at 793 cm™1, 617 cm™1, and 476 cm™1. It may not be possible to

quantify tridymite in the presence of a-quartz or cristobalite.

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

examples of minerals groups that can cause interference:

a)

b) feldspars e.g. albite, anorthite, orthoclase;

clays e.g. kaolinite, dickite;

€) 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 of the US Mine safety and Health Administration (MSHA) P-7[23]
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 absorbance spectra of quartz, cristobalite,

amorphous silica and kaolinite.
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Figure A.4 — FT-IR transmission spectra of quartz, cristobalite, amorphous silica and kaolinite
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Annex B
(informative)

The quantification of cristobalite using X-ray diffraction

Quantification of cristobalite
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Quantification of cristobalite in the presence of opal and amorphou
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Samples of opal show a_full'range of crystalline behaviour from highly ordered cristob

and
maxi

B.3

Somg
stacK

some samples of opal-CT) through to a broad amorphous peak in the region of the a
ma (opal-A).

Quantification of cristobalite in the presence of tridymite

ensity of the
been shown

ry by a factor of three in some samples. It is possible that some of this variation’is dule to the two

rgoes rapid
sumed that
minosilicate
hlysed using

5 silica

er from the
lica glass or
/st is where
the analyst
bbalite peak
bl hygiene is
rious health
5 represents
vare tool to

hlite (opal-C
cristobalite

e satmples of cristobalite show a broadening of the diffraction maxima and occasiona
ifrg is also observed with the cristobalite peak. In a sample with a mixture of cri

|

y tridymite

stobalite and

tridymite, the tridymite should also be quantified or reported as present, since it is a crystalline silica.
Several of the tridymite peaks coincide with the principal cristobalite peak and the reported result
needs careful interpretation. In the absence of a calibration for tridymite, best practice is to report the
value obtained for cristobalite and note it as a minimum value due to the presence of tridymite.

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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e B.1 — An X-ray diffraction (Cu Ka radiation) scan of crystalline a-cristobalite
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Figure B.2 — An X-ray diffraction (Cu Ka radiation) scan of crystalline tridymite
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NOTH The cristobalite in this example.came from an industrial source and contained a trafe amount of
quartz.
Figure B.3 — An X-ray diffraction (Cu Ka radiation) scan of a sample containing cristobalite,

quartz and tridymite

B.4 | XRD interferences on cristobalite

The fthree main<peaks of a-cristobalite are given in Table B.1 along with several known mineral

intenferences,
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Table B.1 — Peaks and intensities of a-cristobalite (fixed divergence slit mounted on the

incident beam, Cu Ka radiation) and known mineral interferences[24]

Analysis reflection (100) (101) (200)
Relative intensity 100 14 20
d(A) 4,05 2,841 2,485
Angle of diffraction (20) CuKa | 21,95 31,49 36,15
Interferences

Quartz X X
Tridvmite X X
Alpite (low) X X X
Arjorthite X X X
Orthoclase X X X
Callcite X X
Cardierite X X
Carundum X
Kdolinite X X
Mullite X
M\Ilscovite X X X
Tallc X X
Zifcon X
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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
Unex
qualj
the
cont
ther
The

mass
valug
of p(
plott]
ratio|
the i

produce an unexpected result on one of the reflections/absorbances and bias an avj
pected values may be the object of an investigation and corrective action indic
ty system of the laboratory in accordance with ISO/IEC 17025. The example in Figur
ariation of the measurements of the primary XRD 26,6° 20 peak (Cu Ka rddjation)

esults obtained and the value of the quality control material is plotted against the datg

erage value.
hted by the
e C.1 shows
bn a sample

hining about 100 pg of a-quartz. Similar plots can be created for IR analysis. The ratio between

of analysis.

value of the quality control material can be a theoretical or known\value determin
loaded on to a filter or an assigned or participant value from a praficiency-testing sa

ed from the
ple. If these

s are used, the ratio of the result obtained with the assigned valuée may also provide gn indication
tential bias. The ratio rather than absolute difference from‘the quality control vdlue is often
ed so that samples with slightly different values can be included on the same chart. Before the
is calculated, diffraction intensity of quartz measured at/edch point in time must be corrected for
hstrumental drift (radiation deterioration over time, see 8.6.1.1). This function may bg¢ included in

the gperation of the instrumentation. When using XRD, membrane or PVC filters become dry and brittle

aften
RCS ¥

vith X-rays on these types of filter materials.

repeated measurement. A slight trend towards.larger values is not unexpected when measuring
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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 crystalline silica

D.1

Unce
relia
statd
the [
if LV3
prec
requ
the 1
term|

Uncertainty estimation

rtainty is quoted on measurement reports so that occupational health professionals c4
pility of a measurement value when interpreting data. If the exposure limit yalue (LV)
d uncertainty of the result, further measurements may have to be taken to‘increase cor
V is not exceeded. Knowing the expected uncertainty of the measurenierit is especiall
are established at masses that approach the LOQ of the measurement methods, since
sion of measurements decreases as the amount of analyte medstred is reduced. |
rements, such as ISO 20581 and Chapter E of the NIOSH Manualef Analytical Methodsl
haximum allowable uncertainty or inaccuracy of occupatiorial‘hygiene measurement]
s of relative error. ISO 20581 states that the relative expanded uncertainty of a m

including sampling and analysis, should not be greater than{50 % in the concentration

<0,5
have

times the LV and not greater than 30 % in the concentration range 0,5 to 2 times th
a method accuracy requirement for laboratory tests of + 25 %, which may be expandj

for dccuracy determined using field comparison of‘nethods. Therefore, it is important

meas
or vg
the f
This
with
Othe
the v

D.2

This
and

of th
coml
m co

urements are taken to assess compliance with\an LV, information about the expanded
riability of RCS measurements is available.and that the method selected is demonstr:
erformance requirements of ISO 20581 or*NIOSH at the appropriate occupational exjj
annex provides guidance about how to.calculate the uncertainty of RCS measuremen
ISO/IEC Guide 98-3[22] and gives am gxample of the uncertainty associated with a rep
r approaches may still be valid if it'can be demonstrated they provide a “realistic” af
ariability of results.

Uncertainty of measurement

method of calculatifig the uncertainty requires the analyst to examine the analytica

n assess the
s within the
fidence that
v important
the relative
erformance
6] describe
methods in
basurement,
range 0,1 to
e LV. NIOSH
bd to + 35 %
that, when
uncertainty
ited to meet
osure limit.
[s to comply
orted value.
sessment of

1 procedure

dentify each individual component that may add to the variability of a measureme
e precision efieach component are then calculated as a standard deviation or relati
ined. Accotding to ISO/IEC Guide 98-3[22], the n single components of uncertainty of ty
mponents of type B uncertainty can be estimated or calculated and then properly ad

a con
by

a
FornTula (D.2) and Formula (D.3):

hbined.uncertainty, u,. The final expanded uncertainty, U, is calculated at the end, mu|
approximate coverage factor, k = 2, if the degrees of freedom are at least 30. See F

. Estimates
e error and
e A and the
d to obtain
tiplying u
mula (D.1

u

n n
_ 2 2
()4 — zusA +ZuaA
1 1

m m
_ 2 2
Uc)p = ZUSB +ZuaB
1 1

) = u(c)y +u(c)s
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where
Usa
Usg
Uaa
UaB
The single ¢
a) volume
b) efficien
c)

The single ¢

1) analytid

sample,
2) correct
3) instrunj

D.3and D.4

D.3 Samj
The analysf{

transpartation and storage of samples.

:2021(E)

is the sampling uncertainty of type A;
is the sampling uncertainty of type B;
is the analysis uncertainty of type A;

is the analysis uncertainty of type B.

omponents of the uncertainty of sampling can mainly be those linked to:

of sampled air;

Cy of the sampler;

pmponents of the uncertainty of analysis can mainly be those linked to"

al variation, e.g. matrix absorption can be a significant uncertainty factor for a heavy
if variation is estimated only from pure CS samples;

on for the recovery or bias of the method;
ental drift.

pive guidelines on how laboratories can quantify each of these components.

pling

can only assess the variation of the' measurement itself rather than the sam

dust

pling

environment. The precise characterisation of the sampling environment is the responsibility of the

individual s
the sample.
[SO 20581,
influencing
laboratory 3
standards (§

The samplir
determined

The dust on
laboratory (
sample is td

lpervising the collection of the sample, who is not always the same person that meaj
If the purpose of the uncertainty estimate is to assess if the method complies
hen it should include the estimate of the contribution from the sampling procedure din
the measurement. Many of)these sampling components are not easily estimated wit
nd it is common practice; in these circumstances, to include a value taken from publ
ee guidelines in ISO. 20581).

g components-and typical values associated with the sampling process and how the
are shown igflable D.1.

the filtér material should not suffer any degradation or loss if it is stored under ng
onditions. Sample loss occurs if pressure is applied against the sample surface or i
o heavily loaded (> 6 mg for 25 mm diameter filters). At most normal loadings (< 4

the respirah

ures
with
ectly
hin a
shed

y are

rmal
f the

mg),

leZdust 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 each
process is shown in Table D.2.
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Table D.1 — Summary of major 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 ISO 20581 assuming 0,24 %
4 h sampling period
Sampling instrument
Calibration of sampler test system |Listed as a typical value in EN 13205 1%to2%
Estithation of sampled concentra- |Listed as a typical value in EN 13205 1%to2%
tion
Bias|relative to sampling conven- |Listed as a typical value in EN 13205 5 % to 10 % forwell gptimised
tion samplers
10 % t025 % othgrwise
Indiyidual sampler variability Listed as a typical value in EN 13205 3%to7%

Excursion from nominal flow rate |Listed as a typical value in EN 13205 2-%10 5 % if the concentration is
calculated from the nominal flow
rate
5 % to 9 % if the concentration is
calculated from the average 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 fo self-compensate in terms of the mass, because the separation efficiency is dependent on the pump perfformance.

Table D.2 — Summary of major uncertainty contributions and typical values for RCS analysis

Variable Determination method Ty]l)vilzatl:lz?il;l\esa Typi E?Lz?ilgesa
Certlfied standard From certification 1,4%to 0,4 % 1,4 % to 0,4 %
Analyytical precision Within laboratory reproducibility 9 %
Instfumental precision Repeat measurements 5%
Calibration (including weighing) Residual error 7%
Recqgvery/method bias Recovery tests/proficiency test See D.4.2 See D.4.2

results

Instument drift Variation of differences 2% 2%
Analysis uncertainty 9% 9%
a Fora100 pg sample.
Meth(‘)d A — U‘nc.ert‘ainty e§tima'1tio‘n fl."om an intermediate reproducibility exercise where the test samples are included in
the WITOIE dIldIytiCdl proceaure mciadlimg 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 analysis of variance (ANOVA).
The relationship between reproducibility and the mass measured should be characterised across the
analytical range and the equation used in the 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
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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 components described in D.4.1.2.1 to D.4.1.2.2 should be considered for RCS analysis.

D.4.1.2.1

This precision is derived by the repeated measurement of samples loaded with different massg

crystalline
measured s
analysis, inj

reporting and this should be taken into consideration.

D.4.1.2.2 ¢

The uncert
are small
suspension,
then this fag
uncertainty;

The uncerta
residual err
with the va
coefficients
CITAC Guids

nstrumental precision

bilica within the expected analysis range. The relationship between précision and
hould be characterised and used in the calculation of the reported uncertainty. In
btrumental precision may vary depending on the diffraction peak or peaks selecte

[alibration precision

inty of weighing and volumetric procedures involved in making the calibration test san
hen using methods where the test samples are prepared by pipetting known aliqud
such as NIOSH Method 7500[3]. If weighing is used.to prepare the calibration test san
tor should be carefully controlled because it may become an important contribution t
of the calibration linel27],

inty of the calibration line is determined fzom the square root of the sum of squares d
prs. This is the sum of the differences.dthe value of the mass on the standard comp
ue calculated from the intensity obtained when measuring the standard and calibr
The uncertainty of the calibration line, u,, is given by Formula (D.4) (see Euracl
(28]),

cs err
D

)
i+l+ (mobs _m)
c Ny N Z(mi —r?l)z

is the ¢alibration slope co-efficient;

isthe’standard deviation of the residual error of the calibration line;

is the number of calibration standards;

es of
mass
XRD
d for

hples
ts of
ples,
o the

f the
ared
htion
nem/

(D.4)

28

is the number of measurements;
is the observed value;
is the average mass of the calibration standards;

is the mass of calibration standard i.
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where Formula (D.6) applies

2
s _ \/2(’1“6—6‘_1') (D.5)

c reserr — (nc _2)
in which
I; is the intensity of calibration standard i;
Lyreq is the observed value of the intensity.

The yoot mean square (RMS), s should be calculated taking into account the degrées of freedom

(n. —|2).
The term given in Formula (D.6)

c,res err

§ (D.6)
b (m; — i)’

allows for an increase in uncertainty at the extreme masses of the calibration and is almosit zero in the
centre of the calibration range.

The reported masses of most measurements of RCS are at thedower end of the calibration fange so the
formula should not be simplified. The value obtained fromthe calculation is in terms of nmjass and has
to bd compared with the predicted mass to obtain a relative value to use in the expanded|uncertainty
calcdlation. If the amount of analyte on the calibration'test samples is traceable to a primary standard,
the residual error also includes an estimate of method bias.

Tablg¢ D.3 is an example of the XRD calibration 4ine 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 micrograms
but ip terms of relative error it makes an-impact on the expanded uncertainty when measuring masses
of 25 g or less (see Table D.4).

D.4.2 Method bias

D.4.2.1 RCS calibration.standard

Eithgr the calibratjenizor the reported results should be corrected for the known crystallinity of the
respijrable crystalliné silica standard used for calibration to prevent potential bias[22l. The certified
valug¢ for crystallinity has a known variability that can be included in the uncertainty| estimation.
However, thevariability of the certified value for a-quartz is likely to be very small (0,4 % tp 1,4 %) and
does|not influence the expanded estimate.

D.4.2-2—Recover
y

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.

D.4.2.3 Certified reference material

The method bias can be determined by using a suitable CRM or by participation in proficiency testing
programmes. Suitable CRM for the direct-on-filter method is available from the UK Health and Safety
Laboratory (HSL). Suitable CRM for the indirect method is available from NIST(29), If a CRM is used the
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reported uncertainty of the method bias u,,;, should be a combination of the uncertainty of the assigned
value and the variation of the error of the measurement results compared with the assigned value of

the CRM. See Formula (D.7)

2 2
Ump =VUCRM T Sm (D.7)
where
Ucgy 1s the uncertainty of the CRM taken from the certificate;
S,  iJthestandard deviation of measurements on the certiiied reference value.
Table D.3 — Example for an X-ray diffraction calibration
Calibratidn Intensity ]
points = _ I,oq from cali- | Differgnee 2
-m; (m; —m) (m; —m) i bration formula Lyred~1; (Ipred i )
ug counts/s
74 -97,17 9442,01 8,438 9,336 0,898 0,80p
31 -140,17 19 647,63 3,622 3,561 -0,061 0,004
145 -26,17 684,87 17,87 18,871 1,001 1,00p
155 -16,17 261,47 20,21 20,214 0,004 0,00p
143 -28,17 793,55 19,00 18,603 -0,397 0,158
146 -25,17 633,53 19,49 19,005 -0,485 0,23p
347 175,83 30916,19 4497 46,000 1,030 1,06p
214 42,83 1834,41 28,45 28,138 -0,312 0,09y
264 92,83 861741 35,12 34,853 -0,267 0,071
212 40,83 1667,09 28,64 27,869 -0,771 0,594
173 1,83 3,35 24,31 22,632 -1,679 2,81
150 -21,17 448,17 18,42 19,543 1,123 1,26p
Sum 74 949,67 Sum 8,11
From equation of regression line
811 St of differences squared of Y (Ipreq = ; )2
0,900 RMS, S res orr
0,134 3 Slope, b, from the equation
6,704, sc,reserr /b
71517 Average calibration point mass, m
74 949,67  Sum of squares E(m,- —m)

Table D.4 — Predicted uncertainties in the RCS analysis due to the XRD calibration

Mass measured _\2 Uncertainty Relative uncertainty
Myreq (Mprea =) :fg %
25 21 364,69 7,842 31,37
50 14 682,17 7,582 15,16
100 5065,17 7,192 7,19
150 448,17 6,997 4,66
300 16 597,17 7,658 2,55

30
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D.4.2.4 Proficiency testing schemes

Alternatively, long-term participants in proficiency testing schemes can obtain estimates of method
bias from their results. To estimate the uncertainty of the method bias value, the standard deviation
of differences of the laboratories' results from the values assigned by the proficiency-testing provider
should be calculated. To provide a realistic estimate, loadings nearest the EL or towards the lower third
of the analytical range supplied by the proficiency testing provider should be considered in preference
to those at the higher end of the analytical rangel39]. The variation in laboratories' results should be
combined with the uncertainty of the assigned value.

Uy, =+/S5r +02 (D.8)

wherte

¢,, isthe standard deviation of measurements from the proficiency testing.assigned vplue;

dpr is the uncertainty of the assigned values.

If th¢ uncertainties of the assigned values are not provided by the praficiency testing prjovider, they
can be estimated from the between-laboratory standard deviation-and number of particjpants using

Formula (D.9)

ST
N = — -9
PT= /- (D.9)

where

4r is the average between-laboratory standard deviation of participants results obtained from
literature or from proficiency testing.reports;

n  is the average number of participants involved in the rounds.

However, in RCS analysis, a between=laboratory standard deviation of about 15 % can refasonably be
achigved at about 50 pg. If 15 laboratories are involved in the scheme, o, would have to be gbout 5 % or
less efore spr would contribute)hore than 1 % to the method bias uncertainty.

D.4.3 Instrumental drift

Instrijumental drift is.calculated from the variation of the differences of the value of a monit¢r measured
before and after thevanalyses of samples. For IR instruments, the calibration is not expect¢d to change
during the analysis of a typical set of samples and for most XRD instruments the change ih monitor is
oftern] 2 % orless. However, the instrumental drift can be poorer on older types of instrumept, when the
IR callibratien has not been checked for some time or when the intensity of the X-ray tube is substantially
redufed from its initial value.

D.5 Uncertainty estimated from the Horwitz equation

The Horwitz equation for between-laboratory precision data is proposed as a method to estimate
the uncertainty RCS measurements may achieve. The Horwitz equation is an empirical expectation
for the median spread of results based on data obtained from a wide range of collaborative testing
programmes in the Association of Official Analytical Chemists in the USA. Collaborative testing and
proficiency testing may differ in the precision achieved because proficiency testing often permits
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different methodologies. The Horwitz equation for the coefficient of variation (CV), C}, as a percentage,
in this document is expressed as given in Formula (D.10)

Cy=AmP

where

A, B are

Im ist

constants;

he concentration level, expressed as the mass of the analyte sampled.

Reference [
tool to expl
sides. See Fq

log Cy 5

The linearij
measureme
equation; if
to derive th|
data from t
Proficiency

Formula (D.

Cy =10

where m is

0] suggests the least-squares fitting of a linearized form of the Horwitz equation as au|

red equation has the added convenience of allowing the use of ‘the analytical uf
t rather than the mass fraction required by the standard appreach using the Hoj
the constants in the equation are consistent with the analytical unit of measure
em, the equation returns the median CV value. When the_¢enstants A and B are fitt
he United Kingdom proficiency testing programme theyWorkplace Analysis Schem|
(WASP) (WASP rounds 36 to 49, 70) the resulting empirical Horwitz equation is giv|

12)

.01 m—0,5036

he mass, in micrograms. See Figure D.1.

32

(D.10)

seful

re analytical systems. The Horwitz equation is linearized by taking the logarithmlof|both
rmula (D.11)
Blogm+log A (p.11)

it of
witz

used
bd to
e for
En in

D.12)

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=1ee5ed996ca90a18084188238b795de3

ISO 24095:2021(E)

Key

X  1ass

Y (qoefficient of variation C,, = 109,01 m ~0.5036

1 interlaboratory standard deviation of results from WASP participants using direct on-filter analy$is methods
2 ypper 97,5 % confidence level

3  ljnearized Horwitz curve

4 lower 97,5 % confidence level

Figure D.1 — Coefficient of variation, as.a percentage, predicted using the coefficients obtained
from the linearized Horwitz equationfor results from laboratories using direct gn-filter
analysis methods

The fwo-sided 90 % confidence interval is calculated based on the standard error in the estjmate (SEE),
(s/ Vi wiog m, log cv Obtained from the linearized equation. For these data, (S/\/np)log m, log cv =|0,150 2, see
Formula (D.1§] and Formula\(h.14)

dy=109,01(m~05036%% 101.645(0,.150 2) ypper 5 % boundary (D.13)
4y = 136,34 <0>03 6) /1016450150 2) Jower 5 % boundary (D.14)

The pmpitical Horwitz equation fits data from WASP quite well, but the extrapolated chirve can be
sens]tiveto outliers at high and low masses and Horwitz-like equations are known to easily gverestimate
the A\ atlow . concentrations I—lnurpvnr, the derived nmpirirn] pqnah'nn is similarto the Poisdon Counting
error formula, familiar to XRD measurements, where the counting error is the primary contributor to
the analytical error, see Formula (D.15)

Cy =100K m™% (D.15)

where K is a constant that includes the statistical sampling of the calibration slopes of the laboratories
involved in the study. The close similarity to the Poisson error prediction indicates that the equation
fitted to the WASP data may be useful within the analytical range where the background noise is a
minor consideration. Other work has observed that about 120 ppb (ng/g) the measured CV of results
tends to fall in the range 20 % to 25 % even though the Horwitz equation may predict higher values.
Within-laboratory CV is often one-half to two-thirds the between-laboratory precision measured in
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collaborative tests. Therefore, when the between-laboratory CVs are close to about 22 % (about 25 ug
based on the fitted Horwitz-like equation) the within-laboratory CVs are approaching their LOQ.

D.6 Proficiency test results

Proficiency testing results can contribute to the estimation of uncertainty and can also be used to

assess if the

a)

uncertainty estimates obtained are valid. There are however several considerations.

measured on routine samples.

The lowest mass in the analytical range of a proficiency-testing sample is often higher than the

masses
b) Extrapd

mass is
D.7 Repdg

It is best pr

not recommended unless additional precision tests can verify the predicted relationsh

rting

hctice to report the expanded uncertainty with the analysis result in terms of mass.

sampling volume is known this can be reported in terms of mgm-3. For RCS analysis, many laborat

may not hay
may not be
these circun
has been in
the magnity
this documd
obtained frqg

In RCS meagq
with a pure
reported is
report and i
affected.

The reportg
prepare the

re control over the calibration of the sampling apparatus used to“collect the samples,
appropriate to report a value combining the uncertainties from'sampling and analy
nstances. When appropriate, the uncertainty statement should indicate whether an esti
fluded for the uncertainty associated with the samplingaapparatus or give an indicati

nt, they may wish to indicate that many of the estimates for the sampling instrument
m international standards.

urements, the uncertainty is usually determined by taking measurements on filter san
crystalline silica dust standard. In samplesiWith significant interferences, the uncert
maller than the true range of analysis results. Possible interferences should be noted i

d results should be corrected-for the percentage crystalline silica in the powder us
calibration test samples.

lation of the standard deviation of measurements below the lowest proficiency testsample

ip.

f the
ories
so it
5is in
mate
on of

de of this uncertainty separately. If laboratories have-used the same procedure detailed in

were

hples
hinty
n the

f appropriate, the laboratory should add-a statement about how the reported uncertainty is

bd to
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Annex E
(informative)

Differences between samplers (cyclones and other types)

It is not uncommon, even within the same company, to discover that several different sampler types
were used to assess the same task. Some national methods or practices allow the use of alternative
samplers. Most samplers were not designed to conform to the ISO 7708 sampling penet(:Etion curve,
but their flow rates can be modified to provide a reasonable match. However, samplers, do not match
the penetration curve exactly and nor does their performance exactly match thaty'ef other sampler
types. Even within a sampler type there is a unit-to-unit variation in performafnce. As differences in
performance affect the mass of dust collected by the sampler this can cause differences in/the mass of
analyte measured and hence results for RCS obtained by laboratories. The+table below compares the

perfgrmance of respirable samplers in common use with the analysis of RCS when sampling dust in a
calm|air chamber with low wind speeds (0,3 m.s'1 or less). The differenCes-are related to the consensus
valug¢ of all the samplers in the test run. The results are based on the sampling of ultra-fine aind medium
Ariz¢na road dust, which contains a significant percentage of quartz. Generally, the performance of
samplers is dependent on wind speed and the median and thestandard deviation of the particle size
range. Therefore, these results are indicative.
Table E.1 — Differences of samplers (cyclones and other types) from an average air
concentration in(ealm airl31l
Variable Flow rate Difference 95 % Confi- Difference D5 % Confi-
. dence level dence level
(1/min)
Sampler Medium ARD Ultra fingd ARD
FSP10 10,2 +13,6 % +14,1% +16,7 % £92%
PPI2 2,0 +5,6 % +26,3% +12,7 % +12,5%
SKC ['non corrosive” 2,2 +5,5% +13,1% +3,1 % +8,1%
Envifocon GX-1 2,2 +4,0 % +78% +1,5 % +8,0%
SIMREDS 2,2 +3,5 % +92% -6,1% +4,7%
BCIRA 2,2 -0,6 % +10,2 % -3,6 % £8,0%
CIP 10-R 10 -4,6 % £69 % -6,9 % +157%
GS3 2,75 -10,5 % +88% -9,2% +4,8%
GK2]69 4,2 -17,5% +149% +1,9 % +71%
IOM with RUF Insert 2,0 -19,0 % £70% -179 % +58%
SKC ALeyclone 2,7 -22,5% +8,6% -14,2 % +79%
Dorr Oliver* 1,7 =272 % +9,8% -22,1% +10,2%
NOTE 1 Some of the samplers were used with a non-conductive cassette but none of the dust collected on the inside walls of
the cassette was recovered prior to the analysis.
NOTE 2 Flow rate used in the experimental study. Different flow rates may be required for workplace monitoring.

The samplers listed in this table are not exhaustive. The samplers used should comply with the
requirements of EN 13205, but not all these samplers have been tested in accordance with the
requirements of EN 13205 by an organization accredited to perform such testing. These results are
applicable to the flow rates specified by the supplier of the sampler at the time of the study and may be
different if another flow rate is used. Please note that these results are applicable to calm air conditions
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