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reword

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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such'patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information

'kplace atmospheres.

16258 consists of the following parts,unider the general title Workplace Air — Analysis o
talline silica by X-ray diffraction:

Part 1: Direct-on-filter method

Part 2: Method by indirect dnalysis

bnance are
ded for the
e with the

 subject of
. Details of
ion and/or

d does not

Conformity
Technical

committee responsible for this document\is ISO/TC 146, Air quality, Subcommittee SC 2,

f respirable
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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. The collection of samples of air during
a work activity and then measuring the amount of respirable crystalline silica is often done to assess
an individual’s exposure, the effectiveness of controls or their respiratory protection. X-ray diffraction
(XRD) analysis of crystalline silica in a sample of respirable dust collected on a filter is the principle
technique employed in many countries to measure and estimate exposure to RCS. X-ray diffraction is
able to cle istingui ' ili

This part ¢f ISO 16258 specifies the analysis procedure for the measurement of RCS where the
is recover¢d from the collection substrate and deposited onto a filter for analysis. Many) differ
types of sampling apparatus are used to collect respirable dust, according to the occupatignal hyglene
convention. This part of ISO 16258 is designed to accommodate the variety of sampler$/and collection
substrates|available to analysts. This part of ISO 16258 is to be used in conjunctioh with ISO 24095
which prorhotes best practice for these analyses.
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Workplace air — Analysis of respirable crystalline silica by
X-ray diffraction —

Part 2:
Method by indirect analysis
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Scope

5 part of [SO 16258 specifies the analysis of RCS in samples of air collected on collection
filters or foams) by X-ray diffraction, when using an analytical approachywhere dug
ple collection substrate (i.e. filter or foam) is recovered, treated and deposited on an
analysis by the instrument. This part of ISO 16258 includes information on the in
hmeters, sensitivity of different sampling apparatus, the use of different filters, sample
emove interference and correction for absorption effects. In this'part of ISO 16258, the

mon polymorphs of crystalline silica, such as tridymite, are' not included within the sc
L of ISO 16258 because a standard reference material is notavailable. Under certain cirg
low filter dust loads, low silica content), the analyticakapproach described in this meth
1 the expanded uncertainty requirements of EN 482{Z}: Guidance for calculation of uncg
isurements of RCS is given in ISO 24095.

Normative references

following documents, in whole or in*part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig
7708, Air quality — Particle Size fraction definitions for health-related sampling

13137, Workplace atmaSpheres — Pumps for personal sampling of chemical and biologica
piirements and test methods

15767, Workplace,atmospheres — Controlling and characterizing uncertainty in weighin
psols

24095, Warkplace air — Guidance for the measurement of respirable crystalline silica

Terms and definitions

substrates
t from the
bther filter
strumental
treatment
expression

pirable crystalline silica includes the most common polymorphs quartz and cristobalite. The less

ope of this
umstances
bd may not
rtainty for

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

[ agents —

g collected

For

3.1
3.1.

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

General definitions

1

airborne particles
fine matter, in solid or liquid form, dispersed in air

[SOURCE: EN 1540]

Note 1 to entry: Smoke, fume, mist and fog consist of airborne particles.
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3.1.2
aerosol

airborne particles and the gas (and vapour) mixture in which they are suspended

[SOURCE: E

N 1540]

Note 1 to entry: The airborne particles can be in or out of equilibrium with their own vapours.

3.1.3
respirable
RCS

crystalline silica

inhaled p
respirable

3.14
exposure
situation i

|

3.1.5

occupatio
limit of th
breathing

Note 1 to enﬂ[
or concentrj
in mg/m3 o

[SOURCE:

[SOURCE:

3.1.6
workplacg
designated

[SOURCE: K

TTICIES Of Ccrystailine siiica that penetrate into the uncitiated airways according to
convention described in ISO 7708

by inhalation)
which a chemical agent is present in air that is inhaled by a person.

N 1540]

hal exposure limit value
e time-weighted average of the concentration of a chemigal*agent in the air within
rone of a worker in relation to a specified reference period

N 1540]
ry: Limit values are mostly set for reference periods of @hours, but can also be set for shorter per

tion excursions. Limit values for airborne particles'and mixtures of particles and vapours are g
multiples of that for actual environmental conditiens (temperature, pressure) at the workplace.

area or areas in which the work activities are carried out

N 1540]

3.2 Sampling definitions

3.2.1
aerosol s

pler

(airborne) particle sampler.
(airborne) particulate sampler)
sampler thpt is used-ta’transport airborne particles to a collection substrate

[SOURCE: EN 1540]

3.2.2

collection substrate
sampling substrate
collection medium

sampling m
medium on

[SOURCE: E

edium
which airborne chemical and/or biological agents are collected for subsequent analysis

N 1540]

the

the

ods
ven

Note 1 to entry: Filters, polyurethane foams and sampling cassettes are examples of collection substrates for

airborne par

ticles.
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3

laboratory blank
unused collection substrate, taken from the same batch used for sampling, that does not leave the
laboratory

[SOURCE: EN 1540]

Note 1 to entry: The results from the analysis of laboratory blanks are used to correct sample results for
contamination with crystalline silica and/or interferences.

3.2.
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4

fbtammk
sed collection substrate, taken from the same batch used for sampling, handled in the's3
llection substrate that is used for sampling, except it is not used for collecting a sarhple

URCE: EN 1540]

rned to the laboratory in the same way as a sample.

e 2 to entry: The results from the analysis of field blanks are used to identify contamination o
ng from handling in the field and during transport.

5
athing zone
re around the nose and mouth from which a worker’s breath is taken

JRCE: EN 1540]

e 1 to entry: Technically the breathing zone corresponds to a hemisphere (generally accepted
hdius) extending in front of the human face, centred on the midpoint of a line joining the ears.
hemisphere is a plane through this line, the tep*of the head and the larynx. This technical descr
icable when respiratory protective equipmeént is used.

6
sonal sampler

brmine exposure to chemieal:and/or biological agents
JRCE: EN 1540]

7
sonal sampling
ress of sampling carried out using a personal sampler

URCE: EN.1540]
8

sampling train

me way as

e 1 to entry: A field blank is transported to the sampling site, loaded in the sarhpler, where applicable, and

the sample

o be 30 cm
The base of
ption is not

pler, attached to a person, that collects gases, vapours or airborne particles in the breathling zone to

apparatus for collecting airborne particles including sampling equipment, pump and connecting tubing

[SOURCE: ISO 24095]

3.3

Analytical definitions

3.31

lim

it of detection

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

Note 1 to entry: The limit of detection can be calculated as three times the standard deviation of blank
measurements. This represents a probability of 50 % that the analyte will not be detected when it is present at
the concentration of the LOD.

©IS
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Note 2 to entry: The LOD can be used as a threshold value to assert the presence of a substance with a
known confidence.

Note 3 to entry: 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 the LOD using statistics based on a normal distribution is not given in this guidance.
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 (ISO 24095).

3.3.2

limit of qulantification

LOQ

lowest reliable mass of an analyte that is quantifiable with a given level of confidence taking
consideratjon the matrix effects in the sample

[SOURCE: EN 1540]

Note 1 to 4
measureme

ntry: The limit of quantification can be calculated as 10 times the standard deviation of b
nts

Note 2 to enftry: The value LOQ can be used as a threshold value to ensure measuyement of a substance accura

Note 3 to ¢
estimate of]
defined as 4

3.4 Stat

3.4.1
accuracy
closeness d

[SOURCE: 1

3.4.2

analytical
ratio of the
sample

[SOURCE: ]

3.4.3
method rdg
ratio of theg

ntry: With LOQ determined from an evaluation experiment based on 10 degrees of freedom
an amount at the threshold value LOQ has probability equal’to 95 % of falling inside an inte
31 % about the true value, with 95 % confidence in the evaluation

stical terms

fagreement between a test result and’the accepted reference value

SO 3534]

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

SO 24095]

covery
determinéd concentration of chemical agent in air to its actual concentration

nto

ank
tely

, an
rval

that

[SOURCE: IFN 1540]

Note 1 to entry: The method recovery incorporates both sampling efficiency and analytical recovery.

3.4.4
bias

difference between the expectation of a test result or measurement result and a true value

[SOURCE: I

SO 6879]

Note 1 to entry: Bias is the total systematic error as contrasted to random error. There may be one or more
systematic error components contributing to the bias. A larger systematic difference from the true value is
reflected by a larger bias value.
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3.4.5

precision

closeness of agreement between independent test/measurement results obtained under stipulated
conditions

[SOURCE: 1SO 6879]

3.4.6
true value
value which characterizes a quantity or quantitative characteristic perfectly defined in the conditions

which exist when that quantity or quantitative characteristic is considered

[SO
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URCE: ISO 3534]

7
ertainty (of measurement)
hmeter associated with the result of a measurement that characterizes thedispersion of

could reasonably be attributed to the measurand

URCE: ISO 3534]

e 1 to entry: The parameter may be, for example, a standard deviation(or a given multiple of it),
confidence interval.

b 2 to entry: Uncertainty of measurement comprises, in general;many components. Some of these
be evaluated from the statistical distribution of the results*from a series of measurements
acterized by standard deviations. The other components; which also can be characterized
ations, are evaluated from assumed probability distributions based on experience or other i
r to the ISO Guide 98:2008.

Principle

5 part of ISO 16258 provides a methad for indirect analysis of RCS in respirable dust ¢
ter (usually with a diameter of-3Z'mm) or foam, dust from the sample collection suh
r or foam) is recovered, treated“and deposited on another filter for analysis by the i

mass of RCS on the filter is"determined from the X-ray response, calibrated against fil
h known amounts of standard quartz or cristobalite. Since the volume of air sampled is
Centration of RCS in the air is readily calculated. If the deposit of sample on the filter is to
y radiation might\not penetrate into the whole sample and the radiation may also be a
sample’s matrix.-The method assumes the depth of the sample deposit on the filter is
brption effeefs are negligible when the dust deposit is less than a critical sample mass. T
ch the absorption becomes significant will depend on the thickness and mass absorption
e dust on.the filter surface. It is generally accepted that samples from most industrial eny
notbesignificantly affected by absorption. Correction for X-ray absorption is possible by
transmittance of a silver filter or aluminium plate through the dust deposit.

the values

r the width

Components
and can be
y standard
formation.

bllected on
strate (i.e.
nstrument.

instrument is calibrated by preparing test samples from aliquots of a suspension of stapdard dust.

ers loaded
known the
o deep, the
bsorbed by
o thin that
he point at
coefficient
rironments
measuring

5

Sampling

Guidance on the analytical requirements for sampling for RCS is given in ISO 24095. A general guidance
for the sampling of respirable aerosol fraction is given in CEN/TR 15230.

5.1

5.1.

Sampling equipment

1 Samplers

5.1.1.1 The performance of the samplers used shall match the criteria for respirable dust as
specified in ISO 7708.

© ISO 2015 - All rights reserved
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5.1.1.2 Samplers that use 25-mm or 37-mm diameter filters as the collection substrate are required.
Particle impactors and samplers using a foam pad, such as the CIP 10-R, are suitable for this method.

NOTE Annex G provides information on the performance of different personal respirable samplers that are
currently in use.

5.1.1.3 Each sampler should be labelled with a unique number, in order to identify samplers that start
to under-perform after long-term use.

5.1.1.4 Samplers shall comply with the manufacturer’s requirements for calibration.

NOTE I}‘-n some countries there might be exceptions due to national regulations, e.g. the CIP 10-R m{gt be
calibrated in accordance with the procedure in NF X43 259.[22]

5.1.2 Collection substrates

5.1.2.1 HFjlters shall be of a diameter suitable for use in the selected sampley dand have a capfure
efficiency fpr respirable particles of not less than 99 %.

5.1.2.2 Itisimportant for the analyst to know the composition of the collection substrate used to collect
the sample|since it has a direct bearing on the analytical approach used tg recover the dust. The collecfion
substrates [types generally used for the sampling of RCS, and their ddvantages and disadvantages,|are
listed in Taple 1.

5.1.2.3 The filter types generally used for the XRD analysis of RCS, and their advantages jand
disadvantages, are listed in Table 2.

Table 1 — Dust colléction substrates

Filter Material | " ¢i8h stabil- Comments
ity indexa
Polyvinyl chloride HIGH A filter pore size of 5 um is usually used
(PVCQ)

Usually used with FSP 10 sampler with a 8 um

Cellulose nitrate MEDIUM ’
pore size

Mixed Esters of Pore sizes larger than 0,.8 pm are used with high
LOW .
Cellulose flow rate samplers > 4 1/min

Used with CIP 10 sampler

Foams Polyute*

thane LOW

a  Weight stable assuming static elimination.

5.1.2.4 Fjlter materials listed in Table 1 generally do not interfere with the measurement of the mpjor

ﬂ : £ T WAL R WaVah d L1100 | ratal Lio 1040 (D00 J.1.120) A L1090 1 :
retlections'set qUartZz{ro ), (Toualta (T2, anacristooarnte (1u L), (zvvanta Tz, ana (Troz - mptit ties
can be introduced during the filter manufacturing process and background reflections can increase
depending on filter material. Therefore, batches of filters should be regularly tested to detect potential

interferences and background levels.

5.1.2.5 Cristobalite combined reflections (200 and 112) can sometimes be difficult to measure because
they are located in the tail at the side of silver reflection (100).

5.1.2.6 Variable background has an effect on the readability of diffraction peaks, increasing the limit
of detection for RCS. Silver filters exhibit the least variability and lowest background levels and thus are
useful in situations where low limits of detection are required.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=faed4649499c8241bf1cf278276a3381

ISO 16258-2:2015(E)

5.1.2.7 Weighing should be performed following ISO 15767. Filters shall not be weighed in cassettes
as large weight variations have been reported.[21] Reference shall be made to the instructions of the
collection substrate manufacturer.

5.1.2.8 Silver and mixed esters of cellulose filters are rigid and easy to handle when weighing and
loading the sampler. PVC and especially polycarbonate filters are flexible and require careful handling.

5.1.2.9 Assilver filter used for sampling allows an effective correction for absorption in case a heavily
loaded sample is analysed (Annex D). When an organic filter is used for sampling and analysis, an
effective correction for absorption can still be carried out, by measuring the intensity of a reflection of the

underlying metallic base, if the material has a high or medium transparency to X-ray radiatior) (Table 2).
5.1{2.10 High values for back pressure can compromise the sampling time, when.the sammpling of a
conpplete 8-h shift is desired. Table 2 indicates that if the given filters are used, thenpumps that cannot
cope with the back pressure shown in the table are not likely to achieve ord{maintain a flow rate of
2,2 |/min.[10]
5.1J2.11 This part of ISO 16258 describes a non-destructive technique; and samples can be fe-analysed
at g later date. Organic filters are ideal for storage. Silver filters oxidize’in air, forming a dayk-coloured
oxide layer. To prevent oxidation, store silver filter samples in airtightcontainer.
Table 2 — Filter materials forXRD analysis
SAMPLING [WEIGHING |XRD ANALYSIS
Maks Absorp-
Filter Material Back Interfering Reflections Efllfclfc%;(;?;lnd tion Correc-
( i26) pressure at | yeigh sta- tiop
ofre size - -
P 2,21/min | pilitya Quartz Cristobalite Quartz Filfer Trans-
(inkPa) pagency To
101 (100 (112 (101 (200 |102 |101 [100 |x-Hays
Silver .
1,7 HIGH no no no no |yes |yes |LOW |[LOW Noltranspar
(0,4 pm) endy
Polyvinylchloride
(PYO) 0,5 HIGH no [no |no |no |no |no |LOW |LOW |LOW
(5 ym)
Mixed Esters of
Cellulose (MCE) 32 Low no [no [no |no |no |no |HIGH |HIGH |[MEDIUM
(0,4 pm)
Polycarbofiate
unknown |HIGH no |no |no |no |no (no |(LOW |HIGH |HIGH
(0,4 pm)
a ‘VAV1C;5}lt otalulc aooulu;us Dtat;\. C:;lll;llat;ull.
5.1.3 Sampling pumps
Sampling pumps shall comply with the requirements of ISO 13137.
5.1.4 Flow meters
Flow meters shall comply with the requirements of ISO 13137.
© IS0 2015 - All rights reserved 7
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5.1.5 Other equipment required

Other equipment required for sampling include the following:

a) beltso
b)

<)

r harnesses to which the sampling pumps can conveniently be fixed;

flexible tubing, to connect the sampler to the sampling pump;

a means to transport the samples from the workplace to the laboratory, which minimises the

possibility of accidental transfers of collected dust to or from the collection substrate (filter).
Transportation will usually require caps or covers for the samplers, filter cassettes or other

substr

NOTE y;
temperatur
from the co

5.2 Sample collection

A general g
specific foy

5.2.1 C(l¢
parts that ¢

soak the samplers in detergent, ultrasound to remove the fine dust.and rinse in water. Allow time for

apparatus

5.2.2 Pr¢
using flat t
to ISO 157¢

5.2.3 Log
a sampling

NOTE f

instructiong.

5.2.4 En
proper ass

NOTE1 4

de. P DRSNS DS I 4] £ e P de. b £ il H b= b=
ALTS, d5 UTLAIITU 11T L1IT TIIdIIUuldLiulr Tl 5 IS UL LIUILS TUL UST UL LT ITIS LI UITITTILS.

\ thermometer (readable to 1 °C) and a barometer (readable to 0,1 kPa), to measure atmosph
e and pressure for flow rate correction, when the temperature and pressure at the time of uise d
hditions under which the flow meter was calibrated.(ISO 24095).

uidance for sampling of respirable aerosol fraction is given in CEN/TR 15230(8]. A guid3
the measurement of RCS is given in ISO 24095.

an the samplers before use to prevent contamination fromyprevious work. Dismantle
ome into contact with the dust (referring to the manufacturer’s instructions when necessg

o dry before reassembly.

eric
ffer

nce

the

ry),
the

-weigh each uniquely identified collection substrate (including a minimum of three bla
pped tweezers to avoid contamination and damage at least to the nearest 0,01 mg, accor
b7.

id each sampler with a pre-weighed collection substrate, and connect each loaded sample
pump.

or some sampler types a different procedure could be required; refer to the manufactu

ure each loaded sampler is tested for leaks. The leak test is used as a benchmark test
bmbly.[11]

NOTE 2
optical cou

’

1

'wo leak.fests are available to assess bypass leakage: the particle count leak test, performed wit

J

ks)
ing

r to

er’s

for

\ leak will charigéthe sampler’s performance which will also affect the mass of respirable dust sampled.

h an

ter or accondensation particle counter,[11] and the pressure drop leak test, performed with a mficro
manometerj12]

NOTE 3

I

1 1 A N o 4 1. h T DT | ol 40 D
IIT ITARN LCO LU 15 TIUL apyux.au1c LU LIIT UIT 1UTIN

5.2.5 Connect the sampling train and set the flow rate to the value specified for the sampler to
within # 2 5 %. The maximum deviation in flow rate (before and after sampling) should not exceed 5 %.

5.2.6 For personal sampling in the workplace, attach the sampler to the worker within his or her
breathing zone, attach the pump to a belt or harness and connect it to the sampler by a length of flexible
tubing, without impeding the comfort of the worker or his or her activity.

5.2.7 From each site, retain a minimum of one unused collection substrate in a sampler, as a field blank.

5.2.8 To begin sampling, switch on the pump and record the time.
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5.2.9 A minimum sampling time shall be calculated taking into account the limit of quantification on
the X-ray method for RCS (8.3) and the flow rate of the sampling system, so that compliance with the
OELV can be reliably assessed.

For compliance testing, the full working shift should be sampled, when possible. Longer sampling times
improve the measurement precision of all samplers unless overloading occurs.

Care should be taken not to overload the collection substrate.
NOTE Potential sample losses within the sampler, i.e. sample entering the sampler but not carried through

to the collection substrate, has been observed to occur in field samplmg, with large variability.[13] Such losses are
not VlblUlt‘ Lo Lllt' uam:u cyc, dllu CdIIot UC quduuucu U_y d uu cCLl=0I1= lllLt‘l lllthllUu

5.2{10 Atthe end of the sampling period, switch off the pump, record the time, and caleulate the duration
of the sampling period. Verify the volumetric flow rate of the sampling train according t6 5.2.9.

5.2]11 Record the relevant details of the sample collection. The details needed by the laboratory analyst
are [the following:

a) [the type of sampler used to collect the sample;
b) [the type of collection substrate;

c) |the unique identifier of each sample;

d) |the volume of the air sampled;

e) |weight of the respirable dust on the collection substrate in order to determine the recpvery after
redeposition;

f) |information about the industrial processtliat may aid evaluation of the results.

5.2/12 Ideally, a sample of dust representative of the workplace or the activity is needed fo help the
analyst evaluate potential interferenee:in the absence of information about the materials invglved in the
indtyistrial process, a heavily loaded filter sample or a settled dust sample, can provide sufficienf qualitative
infgqrmation. This qualitative secan.provides useful information to the occupational hygienist{ (e.g. when
san]pling a new process or a process where the materials involved in the work activity may chgnge).

the
on the analyst’s report.

NOTE A filter load up to 4 mg of the respirable fraction can be transported by postal service without
significant loss, provided that a suitable filter holder and a container designed to prevent damage are used.[14]
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https://standardsiso.com/api/?name=faed4649499c8241bf1cf278276a3381

ISO 16258-2:2015(E)

6 Analytical procedure

6.1 Appa

6.1.1

ratus and equipment

Instrument

An X-ray powder diffractometer with reflection geometry is needed. Diffractometers with Bragg-

Brentano s

6.1.2 Ba

emi-focusing geometry with a copper or cobalt target are commonly used.

ance

For the preg
range 0 g td

the weighing of foams from the CIP 10-R sampler a balance with an analytical sensitivity of 10 (1g wit

operationa

6.1.3 La

Platinum d
stirrer, app
cupboard

6.1.4 Eq

Furnace cj
temperatu
of a plasm3

NOTE '

6.1.5 St3
Itisimport]
The United
Materials (|

Stacey et al
material ug

6.1.6 Re

6.1.6.1 §
Deionised
2-Propano

Ethanol

paration of calibration samples a microbalance capable of weighing +1 pg or better-over
5 gisrequired. An electrostatic eliminator is needed when weighing collection substrates

range between 0 g to 20 g is required. Weighing should be performed accordingto ISO 15]

boratory equipment

r glazed ceramic crucibles, beakers, tongs, calibrated pipettes,ultrasonic bath, mag

o contain dusts, vapours and gases.

pipment to recover dust from the air sample filter

ipable of operating at a minimum of 600 °C (to,remove the filter membrane) or a
Fe plasma asher. Tetrahydrofuran (THF) can be uiSed for the dissolution of PVC filters inst
asher or furnace.

[0 remove interfering substances temperatures.of up to 1 000 °C may be required.

indard reference materials

hnt to use a calibration dust standard in which the purity and crystallinity is well characteri
States National Institute of Science and Technology (NIST) have developed Standard Referg
SRM) for respirable quartZ (1878 series) and for respirable cristobalite (1879 series). Wor
. specifies different reference materials for quartz analysis and their estimated values.[16]
ed for calibration shallconform to the recommendations in ISO 24095.

agents

uspension

water

eti
aratus to filter a sample onto a 25-mm diameter filter, a pump to‘generate vacuum, and Hlm

the
For
1 an
(67.

C
e

low
ead

ved.
nce
k by
The

6.1.6.2 Filter dissolution

Tetrahydrofuran (THF)

1,3-Butanediol (if using cellulose nitrate air sample filters)

6.1.6.3 Removal of interferences

0,1 N to 1 N hydrochloric acid

10
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6.1.7 Drift correction sample

An aluminium plate or other suitable robust material must be used to correct for the drift in radiation
intensity over time. The reference alumina plate NIST SRM 1976b is frequently used.

6.2 Gravimetric analysis for respirable dust

This method assumes that gravimetric measurement for respirable dust is performed before the
sample is analysed for RCS and the value recorded. This is important since knowledge about the
mass of dust on the fllter helps the analyst evaluate the quallty of their results and ascertain the
potes e e hqds require

the
per

6.3

6.3

The
sho
cho
rec
leas
par

6.3

The
bet
med
of 1
and
hav|
refl
coll

6.4

Cal
estd
dus
RC
refe
the

determlnatlon of the percentage of crystalllne silica in the resplrable dust Weighii
formed according to ISO 15767.

X-ray diffraction analysis

1 Instrumental parameters

instrument should be optimised for intensity rather than resolution. Ideally, the slits
1ld be designed to allow the radiation of the majority of the filter sample. For exam
ce would be to set the automatic slits to irradiate 18 mm of the-sample area. Broad focu|
bmmended because they distribute a larger flux/unit area ovér the filter sample. Power s¢
t 1,6 kW are used although higher power settings give bettér sensitivity. Examples of in
hmeters are given in Annex B.

2 Scan parameters

scan parameters shall be optimised to.achieve a minimum instrumental precision
er on a sample with a mass of RCS representative of the OELV. This is achieved by ch

recision is possible when measuring-a filter with a known mass of RCS. The masses :
half the OELV are typically usedxManufacturers provide a variety of software produc
e different approaches for data‘eollection. Generally, a 2 °20 range is collected around
ection, although some quantification programs may require a larger scan range. Examy
pction parameters are givien in Annex C.

Calibration curve

bration is performed by preparing calibration test filters loaded with known amounts
blishing a calibration graph of intensity of the peak versus mass of reference RCS m4

shall be-deposited on the filters from aliquots of a suspension of standard RCS. The
deposited is determined by pre- and post-deposition weights, corrected for the crystall

rencéymaterial used to load the calibration test filters. For thin loading, up to a criticg

g shall be

and mask
ble, a good
s tubes are
ttings of at
strumental

of 4 % or
anging the

Isurement parameters (counting time‘and step size) to the point at which no further imjprovement

it the limit
's and may
each XRD
les of data

of RCS and
terial. The
amount of

fnity of the

I value for

nass of dust (Annex D), the X—ray 1nten51ty response 1s llnear with respect to the mass

present on
ading, X-ray

absorptlon can no longer be considered negllglble and a spec1f1c correctlon is requlred (Annex D).

A detailed procedure for calibration curve construction is given in the following sections. Refer to

ISO

11095I2] for guidance.

6.4.1 Prepare atleast two suspensions of the analyte by weighing mg amounts of the standard material
to the nearest 0,01 mg.

6.4.2 Calculate the mass of silica in ug/mL of suspension as an aid to plan the aliquots for the
calibration filters.

©IS
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6.4.3 Suspend the powder in the reagent with an ultrasonic probe or bath for a minimum of 3 min.
Immediately move the suspension to a magnetic stirrer (without heat), add a stirring bar and allow the
suspension to return to become homogenous before withdrawing aliquots.

6.4.4 In accordance with ISO 15767, condition 25-mm diameter filters and weigh them to the
nearest 0,001 mg. Ensure that three consecutive weighing of the same filter are within 15 pg (10). For
polycarbonate and silver filters, ensure three consecutive weighing are within 3 pg (1 o).

NOTE A major contribution to the uncertainty of the calibration is the precision (see Reference [1]) of
weighing the filters.

6.4.5 Molunt the filter on the filtration apparatus. Place 2 ml to 3 ml of reagent on the filter. Turn 6ff the

stirrer and
suspension
filter funne

NOTE1
of depositid
respects an

NOTE2 |\

6.4.6 Ap
the deposit
filter is dry
the mass o

6.4.7 Prg
the approp
the workpl

Upper 1

Lower |

6.4.8 Ref

I. Wash the sides of the funnel several times with small amounts of solvent.

n of the sample and hence the sensitivity of the calibration. Filtering apparatus can vary in
1 it’s important to use apparatus with similar dimensions.

Vhen using PVC filters, select the rough side of the filter for the redepgsition.

bly vacuum and rapidly filter the suspension. Do not wash‘down the sides of the funnel g
is in place since this will rearrange the material on the analysis filter. Leave vacuum on

F deposit.

pare a series of calibration filters to obtain 3 miinimum range of approximately 0,1 to 2 ti
riate OELV for the collection substrate selected over the sampling period normally use
ace:

1/ min

imit = OELVinmx flowratein
m3 1000

x samplingtimeinminx loading factor of 2

1 / min

ULTAN flowrate inW

Limit = OELV in—3 0 x sampling timeinminx loading factor of 0,1
m

weigh the calibration test filters and the laboratory blanks. The mass of reference mats

deposited {
weight inst

6.4.9 The

material,

Mpes =

bn a filter, M ¢ yis calculated as the difference between pre- and post-weighing, corrected

shake the suspension by hand. Immediately withdraw an aliquot from about the centpe off the
and transfer it from the pipette to the filter funnel. Eject the volume from the pipgtte intofthe

'he diameter of the filter funnel and suction area below the filter will have andnfliience on the area

oth

fter
ntil

. Remove the filter and allow it to dry. When thoroughly dry, reweigh the filter to deternpine

mes
i at

@)

(2)

rial
for

bility. The.correction is effected by subtracting the average blank mass change from the nmpass

nce

niass value of RCS deposited on a filter, M, is calculated by the mass value of the referg

MRM'XRM

(3)

6.4.10 Mount each filter in turn in the diffractometer, measure the diffraction intensity of the three most
intense reflections of RCS on the calibration test filters

6.4.11 Measure the X-ray intensity drift correction monitor periodically through the batch of samples.

6.4.12 The average area intensity, 11?4, of a reflection of the drift correction sample shall be recorded

and later used for drift correction.

12
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6.4.13 If the mass of dust redeposited on the filter exceeds the critical mass, measure the intensity of a
reflection from the reference material chosen for absorption correction, with and without the sample in
place (Annex D).

6.4.14 Using the intensity value for each reflection (corrected for absorption if necessary), derive a trend
line from the relationship between response and mass RCS loaded on the filter. The basic assumption for
the construction of the calibration curve is that the calibration function is linear, therefore slope and
intercept of the straight line shall be determined.[14]

sion of counting. A regression
eferenee-samples).

with-a

NOTE1  Forcethe trend line through zero or use aregression weighted for the preci

NOTE 2  Reasons for an intercept significantly different from zero include: the instrumental parameters do not
permit the illumination of the whole sample; the peak fitting software has inappropriately introduced a bias

NOTE 3  Polycarbonate filters provide very flat surfaces and may cause preferred @sientation for the 26,6
degfee quartz reflection, which results in a curved, rather than a straight line relationship befween X-ray

respjonse and the mass measured at low (<200 pg) masses. A method used to determjine preferred ofientation is
to afld 1,5 mg of calcium fluoride (CaF3) to each calibration standard to simulate the deposition of a ‘feal’ sample.

6.5/ Sample treatment of collection substrate

Ensjure that all operations involving flammable solvents are petformed in a fume cupboand or under
air jextraction. Take the sample collected on the air filterdand remove interferences. Refpr to some
sanjple treatment strategies outlined in Annex A. Then use\the appropriate treatment based on type of
collection substrate.

— |For PVC and MCE, filters follow the instructions.in 6.5.1.
— |For cellulose nitrate filters, follow the instructions in 6.5.2.

— |For polyurethane foams, follow the instructions in 6.5.3.

6.5/]1 PVC and MCE filters

Use| either the furnace treatment (6.5.1.1) or plasma asher (6.5.1.2) to ash sampled filter. As .an
altegrnative, treatment with tétpahydrofuran to dissolve sampled filter can also be chosen (6]5.1.3).

6.5/1.1 Furnace treatment

a) |Place each filteninto a clean crucible and heat in a furnace at 450 °C to 600 °C for a mininpum of four
hours.

b) |If graphite is present refer to Annex A for sample treatment strategies.

c) |Collect the sample once the filter is ashed and allow the crucible to cool to room temperature.

d) Tonfinue with the procedure in 6.6.1.

6.5.1.2 Plasma ashing

a) The plasma asher must have a minimum power rating of 3 W and a restricted air intake to ensure
that the sample dust is not lost when the vacuum is removed.

b) Place the air sample filter into a clean glass bottle or beaker.

c) Cover the open end with perforated foil to allow the gasses used for the plasma to circulate and to
restrict any potential dust losses.

d) Ash the sample to ensure the residue from the air sample filter is minimised.
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e) Continue with the procedure in 6.6.2.

NOTE

Plasma ashing will leave a small residue from the filter ~0,1 %.

6.5.1.3 Treatment with tetrahydrofuran (THF)

a)
b)

c)

d)
e)

Place the PVC filter in a small thin beaker, or centrifuge tube, or glass bottle with a lid.

In a fume cupboard, and while taking precautions to protect the hands from contact with the
solvent, add 8 ml to 10 ml of THF.

Cover
taking

Fhe end of the receptacle and agitate the solvent, either by niand, or buy USINg a VOrtex Jnj
care not to spill its contents.

Then glace in an ultrasonic bath until the filter is dissolved.

Continjue with the procedure in 6.6.2 using THF as the reagent.

6.5.2 Ce

a)
b)
‘)
d)
e)
f)
g)

lulose nitrate filters

Place the filter carefully into a clean crucible.

Inafu

Place i

me cupboard, wet the filter with a small amount of 1,3-butanediol.

h a furnace under an air extraction hood at room temperature.

Do notlheat the furnace before introducing the samples. Wear safety glasses.

Heat slowly from room temperature to 450 °C to 600 °C‘for a minimum of four hours.

Collect the sample and allow the crucible to cool tg4oom temperature.

Continjue with the procedure in 6.6.1.

6.5.3 Po

a)

b)

d)

f)

g)

h)

14

Place 4

lyurethane foams

a desidcator for a minimum of four hours and then weigh. Record the weight (M1) accurate to
nearedt 0,01 mg.

Remoye the foam from the“cassette and place into the cleaned pre-weighed crucible.

Wash

he cassette out)by rinsing it with 2 ml to 3 ml of reagent (2-propanol or ethanol) at |

twice into the crucible. Rinse into the crucible any items that may have come into contact with|
samplg, e.g. tong@s.

Ensurg¢ the fgam is covered with reagent.

Ignite

Xer,

n empty crucible in a muffle furnace at 450°C to 600 °C for 10 min to 15 min, allow to co¢l in

the

bast
the

havanagant in tha cwia hla
e-fFeaEehthtene-eruecitres

When the foam is melted place it in a furnace at 200 °C to 300 °C for 30 min and then progressively
raise the temperature to 550 °C to 650 °C for a minimum of three hours.

Allow the crucible to cool in a desiccator and then reweigh the crucible after conditioning in a
weighing room (M3) accurate to the nearest 0,01 mg.

The re

sidue is calculated as M -M1. Record and make a note of any low recovery.

Continue with the procedure in 6.6.1
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6.6 Redeposition onto analysis filter

6.6.1 Crucibles from the furnace

6.6.1.1 Let the crucibles cool in an area free from possible contamination.
6.6.1.2 Weigh a 25-mm diameter analysis filter to the nearest ug.

6.6.1.3 Setup a filtration apparatus suitable for use with 25-mm diameter filters.

6.6{1.4 Place the crucible containing the sample residue into a beaker and cover with sufficient reagent
(3 ml to 5 ml).

6.6]1.5 Cover the beaker with a watch glass.

6.6{1.6 Ultrasound for 3 min to 5 min.

6.6{1.7 Wash watch glass into the beaker.

6.6]1.8 Carefully wash contents of crucible into the beaker
6.6J1.9 Filter contents of beaker on to a pre-weighed filter.
6.6]1.10 Allow the filter to dry in air.

6.6]1.11 Reweigh the filter after conditioning-and determine the recovery from the gravimdtric weight
rec¢rded from the sampling.

6.611.12 Analyse the sample following'the procedure in 6.7.

6.6]2 Bottles or beakers from a plasma asher

6.6{2.1 Remove foil or(perforated lid from the top of the glass bottle or beaker.

6.6{2.2 If soluble somponents are present refer to Annex A for sample treatment strategies.
6.6{2.3 Addan amount of reagent to the bottle and carefully wash the sides.

6.642,4 Do not spray solvent directly onto the sample as this may aerosolise the dust sampl¢.

6.6.2.5 Put the lid on the bottle or a watch glass on top of the beaker and ultrasound for about
5 min to 10 min.

6.6.2.6 Filter the residue onto a 25-mm diameter filter.
6.6.2.7 Analyse the sample following the procedure in 6.7
6.7 Sample analysis

6.7.1 A qualitative analysis should be performed on at least one of the samples from each workplace
or activity performed to identify any potential interference. Care should be taken not to assume all the
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samples have the same mineral constituents. For example, stonemasons in the same workplace may
work on different stones.

6.7.2 For quantitative analysis, scan as a minimum three major reflections for RCS on each sample, and
collect the integrated area for each reflection.

6.7.3 Measure the X-ray intensity drift correction monitor periodically through the batch of samples.

6.7.4 If the mass of dust deposited on the filter exceeds the critical mass, measure the intensity of a
reflection from-the reference material chosen for :lhcnrph'nn correction with and without the sample in

place (Anngx D).

7 Calculation

7.1 Grayimetric analysis

1°2)

The mass df dust, M,

lust ?

on a collection substrate or redeposition filter (i.e. medium) is calculated a
Mdust 3 (Mafter sampling — Mﬁlter ) - AMblanks (4)

is the weight of the blank medium before samplirig, M

where Mj after sampling

is the weight of|the

Iter
medium aftter sampling, and AM,, s the average blank weight change between after (M, l...)

and before|( M. s1or. ) SaMpling:

AM,

blank

=M,

blank after

-M blank before (5 )

7.2 X-ray diffraction analysis

7.2.1 Calculate the area intensity, /., of each XRD reflection of RCS measured in the sample. [The
backgroungl positions shall be choseneonsistently and shall be free of interferences.

7.2.2 Cogrect the area intensity of each XRD reflection of RCS, /,., for the drift of tube intensity ffom
the original calibration following the equation:

IRCS*=IRCS'(]}(I)/I/1M) (6)

where /,, fis the-average area intensity of a reflection of the monitor taken the day of sample analysis,

11?4 is the average area intensity of a reflection of the monitor when the calibration standards were f{irst

measured, and /... is the area intensity of the RCS reflection in the sample corrected for the drift of
tube intensity.

7.2.3 If the mass of dust deposited on the filter exceeds the critical mass, correct the intensity of each
XRD reflection of quartz or cristobalite for absorption, following the procedure given in Annex D.

7.2.4 A main source of error in analysis is the presence of crystalline compounds where some
reflections coincide with (or are very close to) quartz or cristobalite. Examples include calcium silicate,
biotite, montmorillonite, kaolinite, muscovite or wollastonite. A detailed list of interferences is available
in ISO 24095.
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7.2.5 Generally, identifying the crystalline components in the dust on a heavily loaded filter assesses
the presence of interference. Patterns in the software programs used with X-ray diffraction instruments
will indicate if one of the reflection lines of a pattern of another crystalline component coincides with a
measurement reflection of the analyte.

7.2.6 Ratios for the intensity of the measured reflections relative to the primary reflection for quartz or
cristobalite should be compared with those obtained in the calibration samples. These ratios, recorded
in terms of percent relative to the most intense reflection, can be checked to confirm the presence of
interferences. Relative ratios that are published in the International Committee on Diffraction Data
(ICDD) files should be used as a guideline only. Laboratory calculated ratios and the use of automatic

sli

t§1n

j X-ray diffraction instruments may produce Telative ratios that are sllglitly different

publlished. The confirmation of the presence of interference can also be determined by.as

from those
bessing the

intgnsity of each measurement with the relative magnitude of the slopes of the calibration trepd lines for
the measured reflections.

NOTE1 Adifference of more than 10 % to 15 % in area intensities is considered sighificant.

NOTE2  The analyst shall check the intensity values produced by the instrument, when valges that are
incgnsistent with other reflections are obtained or the measured value is low, with software that displays the scans.
7.2{7 Quantitative result is calculated on the most intense X-ray weflections of RCS that arp free from
majlor interferences, according to the calibration function:

[ es =a+b- My (7)
where [, is the corrected intensity of the RCS refléctions, a and b are the intercept anfd the slope
foupd for the calibration function, and M, is thé.mass of RCS in the sample.
7.3| Concentration of RCS
7.3]11 Calculate the volume, V, of eachair sample, and the product of the average measured sampling
flow rate and the sampling time.
7.3)2 Calculate the concentration of RCS, Crcs, as the mass, Mgcs, on the filter divided by the pir volume,
Vs:

M
Cres = - (8)
Vs

7.3{3 Calctilate the concentration of RCS by adding the concentration of all present crystalline pplymorphs.
8 |Performance characteristics
8.1 Limit of detection

8.1.1 Limit of detection for each X-ray reflection in terms of mass measured on the filter is dependent
on the type of instrument, its operating parameters, other components within the sample and the
background on the analysis filter.

8.1.2 The use of repeated measurements of blank filters to determine the limit of detection does not
necessarily provide a good estimate because the matrix masks the noise from the analysis filter in many
real samples. The procedure recommended in this method is to calculate the standard deviation of the
count rate of the background over the appropriate scan range and the limit of detection is found when
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R, 230,

(9)

where Ry is the count rate of the analyte reflection and o, is the standard deviation of the count rate
of background.

Typical limits of detection on calibration test samples containing pure quartz for each measurable X-ray
reflection for copper radiation and are listed in Annex E.

NOTE A sample related limit of detection can also be applied where the limit of detection is verified by adding
to the analysis filter a mass of analyte that is not observed on a scan or to load typical quantities of the matrix
of interest (e.g. 200 ug to 500 ug of calcite) when pure samples of the matrix free from silica contaminatior are
available and to perform measurement on these samples.

8.2 Minimum detectable value

A different]
value, dete
ISO 11843
for routine

performance characteristic of the measurement process is given by the minimum detectgble
rmined for each X-ray reflection in terms of mass of RCS measured on thé-filter, accordinlg to
[4] The minimum detectable value shall be calculated using the same,calibration data ysed
analysis.

8.3 Limlits of quantification

Traditionally, multiplying the standard deviation of measurements obtained by measuring backgmLﬂlnds
on blank fillters by 10 sets the limit of quantification. However, the presence of interfering crystalline
componen{s will raise the limit of quantification for specific analyte reflections.

rsed
King
ned

NOTE 1 he limit of quantification may also be limited by instrumental factors because the masses analj
on filters, when measuring 0,1 of the OELYV, are close to the liniit of detection for some XRD reflections when ul
low flow rafe samplers (<4 1/min). This may also raise the limit of quantification beyond the values obta
through traflitional estimates.

s of
and

NOTE 2 Europe, EN 482[7] states the maxinum uncertainty permitted for sampling and analysi
occupationdl hygiene measurements between(0,I*to 0,5 times the exposure limit should be within +50 %
measuremepts between 0,5 to 2 times the exposure limit should be within +30 %. In the USA, National Institute
of Safety anld Health (NIOSH) stipulates an\expanded accuracy requirement of +25 %, and the method biai(not
greater thai 10 % for laboratory-basedmethods.[1Z] Any measurement with an estimated expanded uncertafinty
for sampling and analysis greater than 50 % should be considered as a measurement that is not suitable for|any
purpose acqording to EN 482.

8.4 Uncertainty

The metho
Annex F pif

ovides charts giving the equations for the relationship between the combined sampling

analysis ul

icertainty when measured on calibration samples. The equations provide the percent

d proposed\for estimating uncertainty for the measurement of RCS is described in ISO 24(95.

and
age

expanded Tncertainty for a measured mass over the analytical range 20 pg to 300 pg.

8.5 Differences between samplers

8.5.1 Samplers can collect significantly different masses of material when sampling the same aerosol,
even though most are designed to have a performance that conforms to the ISO 7708 definition for
respirable dust. No available sampler for the respirable fraction has a performance that perfectly matches
the ideal deposition curve and this causes differences between the masses collected of respirable dust,
which will have an impact on the result obtained by X-ray diffraction.

8.5.2 Annex G compares the performance of a selection of samplers used for the measurement of
respirable crystalline silica in 2010.
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8.6 Differences between analytical approaches

An alternative analytical approach is available when using a sampler with a 25-mm diameter air-
sampling filter, where the sample is analysed without any treatment to recover the dust and place it on
an analysis filter (refer to ISO 16258-1). Differences exist in the way the instrument is calibrated and
the need to use the sampler involved in the sampling exercise to prepare calibration samples. Taking
into consideration the uncertainty of the sampling and the analysis (when using the same sampler), for
most matrices, the difference in results between analytical approaches is not significant.

9 Testreport

The test report shall contain at least the following information (ISO 24095):
a) |details of the method used, with reference to this part of ISO 16258, i.e. ISO 16258%2;
b) [all information necessary for the complete identification of the sample;

c) |the condition of the sampling medium such as damage, overloading and any residual dust in the
container used for transport;

d) |the dust standard used for the calibration;
e) [the mass, in micrograms, of analyte;

f) |the estimated expanded uncertainty;

g) |the LOD and if appropriate the LOQ;

h) |the name of the analyst;

i) |the name and address of the laboratory;

j) |the signature of the laboratory manager or a person delegated by the laboratory manager;
k) |the date of the analysis;

1) |the name and the model ofithe instrument used for the analysis;
m) |identification of the report;

n) |the interferences.present during the analysis of the sample;

0) |analytical rarige of the calibration standards;

p) |the storage period of the samples;

q) |all operating details not specified in this part of ISO 16258, or regarded as optional, together with
details of any incident that may have influenced the results.
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Annex A
(normative)

Sample treatment strategies

The removal of interference is not always needed (e.g. when the interference is a trace component).

A.1 Clay

Kaolin is a
450 °C. For
as high as
Care shoul
Although t
is observ

may also

e[II
heating sa

occur at te

Use a furna

A.2 Coa

Some carb
ashing in 3
component

A.3 Removal of acid soluble components

If necessat
hydrochlor
if the samp

A.3.1 Ca
Find an un
Set up the

Place the a

minerals

common interference in mineral samples, which can decompose in temperatutes as loy
other kaolinite minerals like nacrite and dickite the temperature for decomposition ma
650 + 50 °C, although it might require a temperature of 800 °C for their Complete remd
H be taken when heating quartz to temperatures higher than 800 °C for‘any length of t
he conversion temperature from quartz to cristobalite is about 1 100v°C, partial conver
in some samples in temperatures above 800 °C. Some clay samplés)ffom industrial sou
ontain calcite. Calcite should be removed with dilute acid folléwing paragraph A.3 be
ples in a furnace. The formation of wollastonite from the reaction with calcite and silica
mperatures as low at 500 °C.

ce temperature within #50 °C appropriate for the clayxmatrix.

| and similar carbon based materials

pn based components (e.g. anthracite or graphite) and organic matter can be removed
furnace at about 800 * 50 °C. However, the heating process can potentially oxidize of
s in the sample (e.g. iron) and add to the complexity of the analysis.

y, calcite, dolomite, gyp§um, iron and its oxides can be removed with the use of di
icacid (HCI). Iron has a‘thigh absorption for copper X-ray radiation so its removal is benef
le is mostly hematité, magnetite or iron metal.

cite, gypsum;,dolomite, and other similar minerals
1sed air-sampling filter of a diameter suitable for use with filtration apparatus (25 mm).

iltration equipment with the 25 mm filter.

V as
I be
val.
me.
fion
ces
fore
can

| by
her

lute
cial

ri'sample filter in the funnel of the filtration apparatus.

Add0,1-1

N HCIl and wait for 5min to 8 min.

Apply the vacuum to the filter.

Dry the filter and follow the relevant procedure in 6.5 replacing the word water for solvent.

A.3.2 Iron and iron compounds

Treat the air sample filter in a furnace or plasma asher to remove the air sample filter and allow the

crucible or

bottle to cool.

Add 5 ml to 10 ml of 0,1 - 1N HCI.

20
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Allow to cool at a temperature of 50 °C to 60 °C for a suitable length of time (approximately 2 h).

Redeposit the sample following 6.6 replacing the word deionised water for reagent.
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Annex B
(informative)

Example instrumental conditions

Table B.1 — Examples of instrumental conditions for Bragg-Brentano diffractometers with

solid state detectors.

X-ray tube

Anode mdterial: Cu

Wavelenjgth type: Kal
Kal (A 1,540 598
Ka?2 (A 1,544 426

Voltage (kV): 40 50 40 50
Current (mA): 40 45 40 45
Focus type Broad Line Broad Line Long Fine Line Broad Ling
Length (mm): 12 12 12 12
Width (mm] 2,0 2,0 0,4 2,0
Incident bepm path

Radius (mm) 240 240 173 173
Soller slit

Opening (fad.) 0,04 0,04 none 0,04
Divergence|slit

Type: Fixed 1/2° Automatic Fixed 1° Fixed 1°

Height (mjm): 18
Mask

Width (mn) 15 20 none none
Sample spipning movement

Rotation q‘ime (s) 1 1 1 1
Diffracted ll)eam path

Radius (mm) 240 240 173 173
Anti-scattef slit

Type: Fixed 1° Automatic Fixed Fixed

Height (mjm): 18 0,2 mm 0,3 mm
Monochrorllator Diff. Beam Diff. Beam|

Curved graphite | Curved grapHite

Type: none none Asymmetric Asymmetrig

Shape: Flat Flat

No. of reflections: 1 1
Detector Solid state pixcel Solid state

Type: detector array detector | Point detector Point detector

Active length (°) 3,347 2,12

22
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Data collection parameters

Table C.1 — Data collection parameters

for a minimum of 4 s/step

Proportional/Scintillation Detector Array Detector
From 6 to 65:°20
From 6 to 65 °20
Quglitative scan in 0,02 226 steps
at1°26/min
for a minimum of 15 s/$tep
Silvler Reference,
026 Ag(111) at 38,2 From 37,2 + 0,3°20t0 39 5 + 0,3 °26 From37,2 + 0,3°20t0 39 5 ¥ 0,3 °26
in 0,02 °20 steps in 0,02 °20 steps
or Aluminium plate,

for a minimum of 120 s/step

an

Cictolbalitn (11970
€

in 0,02 °26 steps

Al(111) at
38,b °260
Qugrtz (101) From 25,6 + 0,3 °20to 27,6 + 0,326 From 25,6 +0,3°20to 27,6 + 0,3 °26
at 26,6 °26 in 0,02 °26 steps in 0,02 °26 steps
Relptive intensity=100 for a minimum of 8ss/step for a minimum of 180 s/step
Qu4rtz (100) From 19,9 £ 0,3 26 t0°21,9 £ 0,3 °20 From 19,9 £ 0,3 °26 to 21,9 ¥ 0,3 °260
at 20,9 °20 in 0,0220 steps in 0,02 °20 steps
Relptive intensity~20 for a miimum of 12 s/step for a minimum of 240 s/step
Quirtz (112) From 49,2.# 0,3 °260 to 51,2 + 0,3 °20 From 49,2 + 0,3°26 to 51,2 £ 0,3 °20
at 50,2 °260 in 0,02 °26 steps in 0,02 °20 steps
Relptive intensity~12 for a minimum of 12 s/step for a minimum of 240 s/step
Crigtobalite (101) From 21,0 £ 0,3 °26 to 23,0 £ 0,3 °26 From 21,0 £ 0,3 °26 to 23,0 { 0,3 °26
at 22,0 °26 in 0,02 °20 steps in 0,02 °20 steps
Relptive intensityx100 for a minimum of 12 s/step for a minimum of 240 s/step
Crigtobalite (200)
at 36,1 °26

From 35,1 +£ 0,3 °26 to 37,4 £ 0,3 °20 From 35,1 + 0,3 °26 to 37,4+ 0,3 °20

Relptive.intensity~12

in 0,02 °20 steps

CTrIotooaTeC(r =7

at 36,4 °20

Relative intensityx5

for a minimum of 12 s/step

for a minimum of 240 s/step

Cristobalite (102)
at 31,4 °20

Relative intensityx9

From 30,4 £ 0,3°26 to 32,4 £ 0,3 °20
in 0,02 °26 steps

for a minimum of 12 s/step

From 30,4 + 0,3°26 to 32,4 + 0,3 °26
in 0,02 °26 steps

for a minimum of 240 s/step
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Annex D
(normative)

Correction for absorption

When there is a mass of material deposited on the ana1y51s filter greater than the crltlcal mass the
result obtai
the sampl
measure a sorptlon (18]

A correctidn can be applied to the measurement of RCS to compensate for X-ray absorption’effects when
the loading is very high or contains a significant proportion of an element that absorbs’the radiaftion
employed for analysis. The “critical mass for a sample”, m¢, is the value for which the, mass calculgted
by XRD without the correction for absorption deviates from the theoretically ‘triie“mass by a cerfain
set thresh¢ld amount. This method sets the threshold at a deviation of 10 %.)For a given radiafion
wavelength (typically, CuKa), the critical sample mass for a weight fraction'ef quartz, depends on|the
area of deposition on the filter and the mass absorption coefficient of thie sample. A practical ghide
to check thje “critical sample mass” for a wide range of possible sample characteristics is providefl in
Figure D.1) for copper radiation, when a sample is redeposited and d deposition diameter on the filter
is 15 mm for example. In this cases a mass absorption coefficient{of 100 cm?2/g, which represenfs a
highly abs¢rbing sample, requires the application of correction. for absorption when the dust mass$ on
the filter i$ more than 0.9 mg. To apply to a specific sampler-it'is recommended to perform your ¢wn
tests following the procedure in Mecchia et al.[19]

= 5.0 80%
£ | diameter of deposit = 15 mm
7,3 4,0 1 1
2 \
s % \
o 3,0 -
—
s
< 2,0 4
(%]
-
<
91,0
=
4
o
00 T T T
0 50 100 150
MASS ABSORPTION COEFFICIENT OF THE SAMPLE
(cm?/g)

FighreDI — Critical sample mass which causes an underestimation of 10 % in the
determination of quartz concentration, for a wide range of mass absorption coefficient of the
sample (copper radiation). Five percentages of quartz in the mixture are represente

Where absorption correction is required, either one or both of the X-ray reflections for silver (111 or
200) are measured on silver filters, before sampling or sample analysis. The main reflections from an
aluminium or silicon plate can also be used to correct for absorption

When a silver filter is used as an analysis filter, the average intensity from five blank filters from the
same batch can be measured as an initial intensity not affected by absorption.

Where a polycarbonate filter is used as the analysis filter, it is placed on top of a silver filter or other
material used as a plate and the intensity from the reflections of silver (or the metal used as backing
plate) is measured through the sample and filter. This is possible because polycarbonate does not
significantly absorb copper X-rays.
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