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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
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Introduction

The health of workers in many industries is at risk through exposure by inhalation of hydrofluoric acid and
particulate fluorides. Industrial hygienists and other public health professionals need to determine the
effectiveness of measures taken to control workers' exposure, and this is generally achieved by making
workplace air measurements ThIS part of ISO 21438 has been publlshed in order to make avallable a method
for o ) f ] mdustry. It is
intepded for agencies concerned with health and safety at work; industrial hyglenlsts and other-public health
professionals; analytical laboratories; industrial users of hydrofluoric acid and particulate fluorides, and their
workers. It has been assumed in the drafting of ISO 21438 (all parts) that the execution-of lits prgvisions and
the |nterpretation of the results obtained are entrusted to appropriately qualified and experienced pgople.

© 1SO 2010 — All rights reserved Vv
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particulate fluorides on a pre-filter and HF on an alkali-impregnated filter and(@nalysis by ion chrom
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particles, as defined in ISO 7708, and to static (area) sampling.
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rdrofluoric acid and particulate fluorides

Scope

part of ISO 21438 specifies a method for the determination of the time*weighted ave
centration of soluble particulate fluorides and hydrofluoric acid (HF) in workplace air by colle

method is only applicable to determination of particulate fluorides, that are soluble using
aerosol sampling, the method is applicable to the personal{sampling of the inhalable fraction

method is applicable to the determination of masses of 0,005 mg to at least 1,25 mg of
[ides per sample and 0,012 5 mg to at least 1,2 mg'ef HF per sample.

concentration range of particulate fluorides and’HF in air for which the measuring procedure i
etermined by the sampling method selected by the user. For a 120 | air sample, the worki
Foximately 0,04 mg m=3 to at least 10 mg m™3 for particulate fluorides and approximately 0,13 n
t 10 mg m=3 for HF.

can react with co-sampled particulate matter on the pre-filter, causing an interference on th¢
Centration.

Normative references

following refereneed documents are indispensable for the application of this document,
rences, only(the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

1042, Laboratory glassware — One-mark volumetric flasks

ISO

rage mass
ction of the
atography.

the sample
of airborne

particulate

5 applicable
ng range is
ng m=3 to at

e measured

For dated
referenced

3585, Borosilicate glass 3.3 — Properties

ISO

7708:1995, Air quality — Particle size fraction definitions for health-related sampling

ISO 8655-1, Piston-operated volumetric apparatus — Part 1: Terminology, general requirements and user
recommendations

ISO

8655-2, Piston-operated volumetric apparatus — Part 2: Piston pipettes

ISO 8655-6, Piston-operated volumetric apparatus — Part 6: Gravimetric methods for the determination of
measurement error

EN 13205, Workplace atmospheres — Assessment of performance of instruments for measurement of
airborne particles
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3 Terms and definitions

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

3.1 General definitions

3141
breathing zone
(general definition) space around the worker's face from where he or she takes his or her breath

NOTE Adapted-from-EN-4540—1181. 2 4 5

31.2
breathing zone
(technical definition) hemisphere (generally accepted to be 0,3 m in radius) extending in front'of the human
face, centrgd on the midpoint of a line joining the ears; the base of the hemisphere is a plane,through this |ine,
the top of te head and the larynx

NOTE 1 The definition is not applicable when respiratory protective equipment is used.
NOTE 2  Adapted from EN 1540:—[13] 2.4 5.

3.1.3
chemical ¥ent

any chemigal element or compound, on its own or admixed as it occurs in the natural state or as produted,
used or relgased including release as waste, by any work activity, whether or not produced intentionally [and
whether or hot placed on the market

[Council Directive 98/24/ECI71 Art. 2(a)]

314
exposure hy inhalation
situation in Which a chemical agent is present in the air that is inhaled by a person

NOTE Adapted from EN 1540:—['31 2.4 1.

3.1.5
occupational exposure limit value
limit of the fime-weighted average ofithe concentration of a chemical agent in the air within the breathing Zone
of a worker(in relation to a specifiédreference period

[Council Directive 98/24/ECUTZHArt. 2(d)]

EXAMPLES Threshold“Kimit Values® (TLVs) established by the ACGIH (Reference [18]) and indicative occupat|onal
exposure limjt values (IOELVs) promulgated by the European Commission (Council Directive 2006/15/ECl!9)),

3.1.6
measureme

nt procedure for the sampling and analysis of chemical agents i

n air

LL

NOTE A measuring procedure for the sampling and analysis of chemical agents in air usually includes the following
steps: preparation for sampling, sampling, transportation and storage, preparation of samples for analysis and analysis.

31.7

operating time

period during which a sampling pump can be operated at specified flow rate and back pressure without
recharging or replacing the battery

NOTE Adapted from EN 1232:1997012] 3.5,

2 © 1SO 2010 — All rights reserved
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3.1.8
reference period
specified period of time for which the limit value of a chemical agent applies

NOTE 1 The reference period is usually 8 h for long-term measurements and 15 min for short-term measurements.

NOTE?2  Adapted from EN 1540:—I13], 2.4.7.

3.1.9
workplace
defined area or areas in which the work activities are carried out

[EN[1540:—[13], 2.5.2]

3.2| Particle size fraction definitions

3.2
inhalable convention
target specification for sampling instruments when the inhalable fraction is the fraction of interest

[1ISOQ 7708:1995, 2.4]

3.2
inhalable fraction
mags fraction of total airborne particles which is inhaled through4he’nose and mouth

NOTE The inhalable fraction depends on the speed and direction of air movement, on breathing rate and other
factgrs.

[1ISOQ 7708:1995, 2.3]

3.23
respirable convention
target specification for sampling instruments-when the respirable fraction is of interest

[ISQ 7708:1995, 2.12]

3.24
respirable fraction
mags fraction of inhaled particles which penetrate to the unciliated airways

[ISQ 7708:1995, 2.11}

3.2p
totgl airborne.particles
all garticles stirrounded by air in a given volume of air

NOTE Because all measuring instruments are size-selective to some extent, it is often impossible to [measure the
totall airborne particle concentration.

[ISO 7708:1995, 2.13]

3.3 Sampling definitions

3.31
air sampler
device for separating chemical agents from the surrounding air

NOTE 1 Air samplers are generally designed for a particular purpose, e.g. for sampling gases and vapours or for
sampling airborne particles.

NOTE 2  Adapted from EN 1540:—!['3], 3.2.1.

© 1SO 2010 — All rights reserved 3


https://standardsiso.com/api/?name=bf2006a899720b206ea788a67949ad76

ISO 21438-3:2010(E)

3.3.2
personal s

ampler

sampler, attached to a person, that collects gases, vapours or airborne particles in the breathing zone to
determine exposure to chemical agents

[EN 1540:—[13], 3.2.2]

3.3.3

personal sampling
process of sampling carried out using a personal sampler

[EN 1540:]

3.34
static sam

area sampler

sampler, ng
[EN 1540:—

3.3.5

static sam
area samp
process of

[EN 1540:-]

3.4 Anal

3.41
analysis
all operatio
of interest p

ing
!air sampling carried out in a particular location

13], 3.3.3]

Dler
t attached to a person, that collects gases, vapours or airborne particles at a particular location

1131, 3.2.3]

bling

[13], 3.3.4]

lytical definitions

s carried out after sample preparation. to determine the amount or concentration of the analyt
resent in the sample

e(s)

sed

NOTE Adapted from EN 14902:2005['¢], 3.1'1.

3.4.2

blank solution

solution pregpared by taking a reagent blank, laboratory blank or field blank through the same procedure {
for sample dissolution

343

calibration|blank solution

calibration golutionprepared without the addition of any working standard solution
NOTE 1 The concentration of fluoride in the calibration blank solution is taken to be zero.
NOTE 2  Adapted from EN 14902:2005!16], 3.1.3.

344

calibration solution

solution prepared by dilution of the working standard solution, containing an analyte at concentrations that are

suitable for

NOTE 1

NOTE 2

use in calibration of the analytical instrument

Adapted from EN 14902:2005!"¢1, 3.1.4.

For the purposes of this part of ISO 21438, the analyte is fluoride.

© 1SO 2010 — All rights reserved
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345
field blank

filter that is taken through the same handling procedure as a sample, except that it is not used for sampling,
i.e. it is loaded into a sampler, transported to the sampling site and then returned to the laboratory for analysis

3.4.6
laboratory blank
unused filter, taken from the same batch used for sampling, that does not leave the laboratory

3.4.7
linear dynamic range

range of concentrations over which the calibration curve for fluoride is linear
NOTE The linear dynamic range extends from the detection limit to the onset of calibration curvature.

3.4.

reagent blank

all reagents used in sample dissolution, in the same quantities used for preparation of laboratoryj
blank and sample solutions

3.4P
sanmple dissolution

progess of obtaining a solution containing fluoride from a sample, which might or might not invol
disgolution of the sample

NOTE Adapted from EN 14902:2005!"6], 3.1.25.

3.4./10

sanmple preparation

all gperations carried out on a sample, after transportation and storage, to prepare it for analys
transformation of the sample into a measurable state, where necessary

NOTE Adapted from EN 14902:2005["6], 3:4-24.
3.4./11

sanpple solution
solytion prepared from a sample by the process of sample dissolution

blank, field

e complete

s, including

NOTE 1 A sample solutioh™might need to be subjected to further operations, e.g. dilution, in order to pfoduce a test

solution that is ready for analysis.
NOTE2 Adaptedfrom EN 14902:2005!'6, 3.1.22.

3.4./12

sto¢k standard solution
solytion; used for preparation of the calibration solutions, containing fluoride at a certified concentn
traceable to national standards

ation that is

NOTE Adapted from EN 14902:2005["€], 3.1.26.

3.4.13
test solution

blank solution or sample solution that has been subjected to all operations required to bring it into a state in

which it is ready for analysis

NOTE 1 “Ready for analysis” includes any required dilution. If a blank solution or sample solution is not s
further operations before analysis, it is a test solution.

NOTE 2  Adapted from EN 14902:2005!'6], 3.1.30.

© 1SO 2010 — All rights reserved
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3.4.14

working standard solution
solution, prepared by dilution of the stock standard solution, that contains fluoride at a concentration that is
better suited for preparation of calibration solutions than the concentration of fluoride in the stock standard

solution

NOTE

3.5 Stati

3.51

Adapted from EN 14902:2005!1€l, 3.1.32.

stical terms

analytical trecovery

ratio of the

NOTE 1

[EN 1540:-

3.5.2
bias
difference 1

NOTE 1 b
components

NOTEZ2 1

appropriate pumber of repeated measurements. The error of indication is the findication of a measuring instrument nj

a true value

NOTE3 |

[1ISO 3534-1
NOTE 4 |
reference v3d

atmosphere

3.5.3

coverage factor

k
numerical fi
uncertainty

NOTE A
[ISO/IEC G

3.54

mass of analyte measured in a sample to the known mass of analyte in that sample
'he analytical recovery is usually expressed as a percentage.

1131, 5.1.1]

etween the expectation of a test result or measurement result and a true-value

ias is the total systematic error as contrasted to random error. There cafi be one or more systematic

'he bias of a measuring instrument is normally estimated by. averaging the error of indication ove
bf the corresponding input quantity”.

h practice, the accepted reference value is substituted forthe true value.
:2006[1], 3.3.2]

n the case of measurement procedures for the. sampling and analysis of chemical agents in air, the acce

lue can be, for example, the certified value-of a reference material, the concentration of a standard
br the target value of an interlaboratory-¢omparison.

hctor used as a multiplier'of the combined standard uncertainty in order to obtain an expari

coverage factory %, is typically in the range from 2 to 3.

Lide 98-3:2008[4], 2.3.6]

combined

Ug

rtandard uncertainty

error

contributing to the bias. A larger systematic difference from the true valué€ is reflected by a larger bias valye.

r an
inus

pted
test

ded

standard uncertainty of the result of a measurement when that result is obtained from the values of a number
of other quantities, equal to the positive square root of a sum of terms, the terms being the variances or
covariances of these other quantities weighted according to how the measurement result varies with changes
in these quantities

[ISO/IEC Guide 98-3:2008[4], 2.3.4]

3.5.5

expanded uncertainty
quantity defining an interval about the result of a measurement that may be expected to encompass a large
fraction of the distribution of values that could reasonably be attributed to the measurand

[ISO/IEC Guide 98-3:2008[4], 2.3.5]

© 1SO 2010 — All rights reserved
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3.5.6
precision
closeness of agreement between independent test/measurement results obtained under stipulated conditions

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2 The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of the test results or measurement results. Less precision is reflected by a larger standard deviation.

tions which

Bl, cannot be

parameter associated with the result of a measurement that characterizes the dispersion of the|values that
cou|d reasonably be attributed to the measurand

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

NOTE 2  Uncertainty of measurement comprises, in general, many components. Some of these comporjents may be
evalliated from the statistical distribution of-the'results of a series of measurements, and can be characterizeq by standard
deviptions. The other components, which also can be characterized by standard deviations, are evaluated from assumed
probability distributions based on experiénce or other information. ISO/IEC Guide 98-3:2008[4] refers to these different
casgs as Type A and Type B evaluations of uncertainty, respectively.

4 |Principle

41| A known volume of air is drawn through a pre-filter and an alkali-impregnated filter mounted in an
inhglable sampler* (7.1.1) to collect particulate fluorides and HF. Particulate fluorides are colle¢ted on the
prefilter and*HF is collected on the alkali-impregnated filter.

4.2 | The pre-filter is extracted with water or eluent (see 10.1.1), without heating, to solubilize the particulate
fluofides.

4.3 The alkali-impregnated filter is extracted with water or eluent (see 10.1.1), without heating, to solubilize
HF.

4.4 Aliquots of the sample solution are subjected to ion chromatography in order to separate the extracted
fluoride from other anions. Following this separation, fluoride is measured using a conductivity detector.

4.5 Analytical results are obtained by plotting the measured conductivity as a function of concentration.
They can be used for assessment of occupational exposure to fluorides and HF in air.

© 1SO 2010 — All rights reserved 7
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5 Requirement

The measuring procedure shall comply with any relevant International, European or National Standard that
specifies performance requirements of procedures for measuring chemical agents in workplace air
(e.g. EN 482[10]),

6 Reagents

During the analysis, use only reagents of recognized analytical grade and only water as specified in 6.1.

The presen
therefore ag

6.1
0,18 MQ'm

6.2 Sodi
6.2.1

6.2.1.1
filters.

Dissolve 2
flask (7.2.2

6.2.1.2
filters.

Dissolve 7,
flask (7.2.2

6.2.1.3

Dissolve 5
flask (7.2.2

6.2.2 Sodium carbonate solution, for dilution of standards.

A

Introduce 3
flask (7.2.2

Sodlium carbonate impregnation solution.

ce of acetate or formate in reagents can cause a significant interference on fluoride detection)
visable to check that all reagents to be used have a negligible acetate and formate content.
(usually expressed by manufacturers of water purification systems as 18 MQ cm)?

im carbonate (Na,CO;), anhydrous, >99,9 % mass fraction.

Sodium carbonate solution, 2,0 mol I, for impregnation of/25 mm diameter cellulose nit

,2 g Na,COj5 in water. Quantitatively transfer the solution into a 100 ml one-mark volum
2), dilute to the mark with water, stopper and mix thoroughly.

05 g Na,CO3 in water. Quantitatively transfer the solution into a 100 ml one-mark volum
2), dilute to the mark with water, stoppef-and mix thoroughly.

Sodium carbonate solution, 50 g-1-1, for impregnation of 37 mm diameter quartz fibre filters.

0 g Na,CO5 in water. Quantitatively transfer the solution into a 100 ml one-mark volum
2), dilute to the mark with.water, stopper and mix thoroughly.

.7 ml of sodium’ carbonate impregnation solution (6.2.1) into a 500 ml one-mark volum
2) and makesup to the mark with water.

6.3

Cart
Cartridge, Juitable for use with the eluent generation system (7.2.6.2).

idge for.generation of eluent for chemically suppressed ion chromatography.

Itis

Watdr, from a purification system that delivers ultrapure water having a resistivity, greater {han

rate

Btric

Sodium carbonate solution, 0,75 mol I-1, for impregnation of 37 mm diameter cellulose nifrate

Btric

Btric

Btric

6.4

NOTE

Reagents for electronically suppressed ion chromatography.

The phthalic acid and borate/D-gluconate solutions prescribed below are two examples of eluents used in

analysis of fluoride using electronically suppressed ion chromatography. The column manufacturer's literature gives
information on the composition of the eluent to be used with a specific column type.

6.4.1

Phthalic acid (CgHgO,), >99,5 % mass fraction.

6.4.2 Acetonitrile (C,H3;N), HPLC grade.

6.4.3

Methanol (CH;0H), HPLC grade.

© 1SO 2010 — All rights reserved
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6.4.4 Lithium hydroxide monohydrate (LiOH-H,0), >99,5 % mass fraction.

6.4.5 Boric acid (H3BO,), >99,8 % mass fraction.

6.4.6 D-Gluconic acid solution, approximately 50 % mass fraction of D-gluconic acid (CgH,,07) in water.
6.4.7 Glycerol (C3HgO3), >99 % mass fraction.

6.4.8 Phthalic acid eluent stock solution, 0,1 mol I-1 phthalic acid in a 9 + 1 volume ratio mixture of
acetonitrile and methanol.

Disgolve 16,6 g of phthalic acid (6.4.1) in 900 ml of acetonitrile (6.4.2) and 100 ml of methanok (6.4.3), in a
suitgble 1 | vessel and mix thoroughly.

6.4.0 Lithium hydroxide solution, 1 mol I-".

Disgolve 4,2 g of lithium hydroxide monohydrate (6.4.4) in water (6.1). Quantitatiyely. transfer the $olution into
a 100 ml one-mark volumetric flask (7.2.2.2), dilute to the mark with water, stopper ‘and mix thoroughly.

6.4.10 Phthalic acid eluent solution, e.g. 0,005 mol I-! phthalic acid, pH-4)9.

Trapsfer an appropriate volume, e.g. 50 ml, of phthalic acid solution*(6.4.8) to a 1| beaker (7]2.2.1), add
approximately 800 ml of water (6.1), swirl to mix and adjust to pH 4,9 with lithium hydroxide solution (6.4.9).
Qugntitatively transfer the solution into a 1 | one-mark volumetrie/flask (7.2.2.2), dilute to the mark with water,
stopgper and mix thoroughly.

Thelinstructions for preparation of the extraction and eluent stock solution given in 6.4.8 are only gan example.
If tHe manufacturer of the separator column recommeénds the use of a different eluent, it is necessary to

prepare a stock solution with a correspondingly different composition. In this case, follow the ma

inst

6.4.

Diss
acia
mar

6.4.

Tra
mar

The
exa
nec
mar

uctions for eluent preparation.
11 Borate and D-gluconate eluent stock solution.

olve 17 g of boric acid (6.4.5), 4,8 g of lithium hydroxide monohydrate (6.4.4), 8,8 ml of
(6.4.6) and 62,5 ml of glycerol\(6:4.7) in water (6.1). Quantitatively transfer the solution into a
k volumetric flask (7.2.2.2), dilute to the mark with water, stopper and mix thoroughly.

12 Borate and D-gluconate eluent solution.

nsfer 15 ml of borate*and D-gluconate stock solution (6.4.11) and 120 ml of acetonitrile (6.4.2)
k volumetric flask)(7.2.2.2), dilute to the mark with water (6.1), stopper and mix thoroughly.

instructiens'for preparation of the extraction and eluent stock solution given in 6.4.11 are only
mple. If-the manufacturer of the separator column recommends the use of a different
bssary to prepare a stock solution with a correspondingly different composition. In this casg
ufacturer's instructions for eluent preparation.

nufacturer's

D-gluconic
b00 ml one-

oa 1lone-

given as an
pluent, it is
, follow the

6.5

6.5.1

Fluoride standard solutions.

Fluoride stock standard solution.

Use a commercial standard solution with a certified fluoride concentration, e.g. 1 000 mg -1 of fluoride,
traceable to national standards. Observe the manufacturer's expiration date or recommended shelf-life.

6.5.2

Fluoride working standard solution, 100 mg I-! of fluoride.

Accurately pipette appropriate volumes, e.g. 2 ml, of the fluoride stock standard solution (6.5.1) into a 20 ml
plastic one-mark volumetric flask (7.2.3.1), dilute to the mark with water (6.1), stopper and mix thoroughly.
Prepare this solution fresh monthly.
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7 Apparatus

7.1

711

Sampling equipment

Samplers, designed to collect the inhalable fraction of airborne particles, complying with EN 13205,

suitable for mounting a pre-fiter (7.1.2.1) and an alkali-impregnated filter (7.1.2.2) separated by a

spacer (7.1.

3), manufactured from a material that does not react with HF.

If samplers have an internal filter cassette, this shall also be manufactured from a material that does not react

[

ne,

with HF.
NOTE 1 aterials which do not react with acids, from which samplers and internal filter cassettes can be manufactlllred,
include polytetrafluoroethylene (PTFE) and other fluorinated polymers, polyvinyl chloride (PVC), palyethyl

polypropylene and polycarbonate.

NOTE 2

EN 13205 that were or had been available on the market up to 2004, including published reports on their’performance

7.1.2 Fil
71.21

99,5 % mag
from a mats

Refer to B.1

71.2.2
nitrate filten
cellulose n
Reference
with 500 pl

Refer to B.Z

7.1.3 Spacers, of a diameter suitable for use with the samplers (7.1.1) for separating the pre-filters (7.1

and HF sar
on which th

7.1.4 Sampling pumps, with\an adjustable flow rate, capable of maintaining the selected flow

(see 9.1.1.2

For personal sampling the:pimps shall be capable of being worn by the worker without impeding normal |

activity.

The pump §

EN/TR 15230:2005[°! gives examples of inhalable samplers with the potential to meet tHe requiremen

rs, of a diameter suitable for use with the samplers (7.1.1).

Filters, pre-filters for sampling particulate fluorides, with a collection.efficiency of not less
s fraction for particles with a 0,3 ym diffusion diameter (see 1ISO @708:1995, 2.2), manufact
rial that does not react with HF.

for guidance on suitable materials from which pre-filters can be manufactured.

Filters, for sampling HF, impregnated with sodiumZcarbonate, e.g. 25 mm diameter cellu
5 impregnated with 100 pl of 2,0 mol I-1 sodium ¢arbonate solution (6.2.1.1) or 37 mm diam
trate filters impregnated with 250 pl of 0,75 mol I-1 sodium carbonate solution (6.2.1.2)
20]), dried in a dessicator for a minimum of 8 h=or 37 mm diameter quartz fibre filters impregn
bf 50 g I-1 sodium carbonate solution (6.2.1.3) (see Reference [21]).

for guidance on materials from which(HIF sampling filters can be manufactured.

npling filters (7.1.2.2), manufactured from an inert material that does not react with the acids
B acids are not adsorbed, e.g) polypropylene sleeves or PTFE-coated screens.

) to within £5 % of-the’nominal value throughout the sampling period (see 9.1.2).

hould have, as a minimum, the following features:

ts of

han
ired

ose
eter
see
hted

2.1)
and

rate

vork

an autd

matic_cantrol that l(nnlnc the volumetric flow rate constant in the case of g r‘hnnging back pres

ure;

either a malfunction indicator which, following completion of sampling, indicates that the air flow has been

reduced or interrupted during sampling or an automatic cut-out, which stops the pump if the flow rate is
reduced or interrupted;

a facility for the adjustment of flow rate, such that it can only be actuated with the aid of a tool

(e.g. screwdriver) or requires special knowledge for operation (e.g. via software), so as to preclude
inadvertent readjustment of the flow rate during use.

An integral timer is a highly desirable additional feature.

A flow-stabi

10

lized pump may be required to maintain the flow rate within the specified limits.
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EN 12320121 and EN 12919[4] require that the performance of the pumps be such that:

the pulsation of the flow rate does not exceed 10 %;

3:2010(E)

a flow rate set within the nominal range does not deviate by more than £5 % from the initial value under

increasing back pressure;

within the range of ambient temperatures from 5 °C to 40 °C, the flow rate measured under operating

conditions does not deviate by more than £5 % from the flow rate at 20 °C;

If th

app
zer(

7A1.
ratel

The]
is tr
at w

It is]
bett

71.

71
sam

71.
(exd

71.
(sesq

7A1.
atm
the

71.

b Flowmeter,

b Ancillary equipment.
6.1 Flexible tubing, of a diameter suitable for making a leakproof connection
plers (7.1.1) to the sampling pumps (7-1:4).

b.2 Belts or harnesses, to which the sampling pump can conveniently be fixed for persorj
ept where the sampling pumpstare small enough to fit in workers' pockets).

tha opnaratina timma ic at lnact 2 h  and Arafarahh, Q he
tHE-OpP et gt e TS o eaSt=Z= o pr Ty O 11

the flow rate does not deviate by more than £5 % from the initial value during the operating tim

e sampling pump is used outside the range of conditions specified in EN 1232002 or
ropriate action should be taken to ensure that the performance requirements aremet. For insta
temperatures it might be necessary to keep the pump warm.

portable, with an accuracy that
(see 9.1.1.2) to be measured to within £5 %.

calibration of the flowmeter shall be checked against a primary standard, i.e. a flowmeter who
hceable to national standards. If appropriate (see 9.1.3), record the atmospheric temperature a
hich the calibration of the flowmeter was checked.

advisable that the flowmeter used be capable of measuring the volumetric flow rate to wit

er.

b.3 Tweezers, manufactured from or tipped with PTFE, for loading and unloading filters in
9.2.2 and 10.1.2.1).

b.4 Thermometer, range 0 °C to 50 °C, graduated in divisions of at least 1 °C, for mea
bspheric temperature, if required (see 9.1.3). For applications at temperatures below freezing,
hermometer;shall extend to the appropriate desired range.

B.5 Barometer, suitable for measurement of atmospheric pressure, if required (see 9.1.3)

e.

N 129191
hce, at sub-

is sufficient 10 )enable the volufetric flow

e accuracy
nd pressure

hin +2 % or

from the

al sampling

to samplers

surement of
he range of

7.2

|_Laboratory apparatus

Ordinary laboratory apparatus and in particular the following.

7.21

substances. PVC gloves are suitable.

7.2.2

7.2.21

with

Glassware.

the requirements of ISO 3585, cleaned before use with water (6.1).

© 1SO 2010 — All rights reserved
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7.2.2.2 One-mark volumetric flasks, of suitable capacities between 100 ml and 1 I, complying with the
requirements of ISO 1042 class A, made of borosilicate glass 3.3 complying with the requirements of
ISO 3585, cleaned before use with water (6.1).

Alternatively, the flasks may be cleaned with a suitable laboratory detergent using a laboratory washing
machine and rinsed thoroughly with water.

7.2.3 Plastic labware.

7.2.31 One-mark volumetric flasks, of suitable capacities between 10 mland 1 I.

7.2.3.2 Screw-cap polyethylene vessels, disposable, of a suitable capacity, e.g. 10 ml.
7.2.3.3 Beakers, of a suitable capacity, e.g. 50 ml.
7.2.34 Graduated centrifuge tubes, with caps, of a suitable capacity, e.g. 15 ml.

7.2.3.5 Filter funnels, of a size suitable for transferring washings from the internal surfaces of| the
sampler (7.[1.1) into a tube.

7.2.3.6 Disposable filters, PTFE, pore size 0,45 um, for use in ion chromatography.

7.2.3.7 Disposable syringes, of a suitable capacity, e.g. 2 ml or 5 ml{with luer lock connector, for|use
with disposable filters (7.2.3.6).

7.2.3.8 Autosampler vials, of a suitable capacity, e.g. 1,5 ml to.2 ml.

7.2.4 Piston-operated volumetric instruments, complying with the requirements of ISO 8655-1 |and
tested in adcordance with 1SO 8655-6: including pipettors, with capacities of 10 pl to 5 ml, complying with the
requiremenfs of ISO 8655-2, for the preparation of standard solutions, calibration solutions and dilutiop of
samples.

7.2.5 Ultrasonic bath, preferably with a timer, suitable for use in the extraction of particulate fluorjdes
and HF.

7.2.6 lon|chromatograph, having thescamponents listed in 7.2.6.1 to 7.2.6.10. Components and tubing|that
come into dontact with the sample solution or eluent shall, as far as possible, be composed of inert materjals,
e.g. polyether ether ketone (PEEK),

7.2.6.1 Pump, capable ,of\delivering a constant flow within the range 0,1 mI min-! to 5 mImin~! gt a
pressure of[15 MPa to 150MPa.

7.2.6.2 Eluent generation system, for producing an eluent suitable for use with the selected separnator
column (7.4.6.5) (seefor example Reference [22]).

7.2.6.3 Sample injection system, consisting of a low dead-volume, electronically metallic valve fltted
with a sample-loop having a volume of up 10 500 il for injecting the sample solution inta the eluent stream

7.2.64 Guard column, placed before the separator column (7.2.6.5) to protect it from fouling by particles
or strongly adsorbed organic constituents of the sample solution.

7.2.6.5 Separator column.

7.2.6.51 Separator column for chemically suppressed ion chromatography, packed with high-
capacity pellicular anion exchange resin, suitable for resolving fluorides from other inorganic anions.

7.2.6.5.2 Separator column for electronically suppressed ion chromatography, packed with silica or
organic polymers, suitable for resolving fluorides from other inorganic anions.
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7.2.6.6 Suppressor module for chemically suppressed ion chromatography, suitable for use with
the separator column (7.2.6.5.1).

7.2.6.7 Conductivity detector, flow-through, low volume, with an electronically metallic flow path.

NOTE A conductivity detector can be used with both chemically suppressed and electronically suppressed ion
chromatography.

7.2.6.8 UV-vis detector, flow-through, low volume.

NOTE A UV-vis detector can be used with electronically suppressed ion chromatography for inverse UV detection.
7.26.9 Recorder, integrator or computer, compatible with detector output, capable-df recording

detector response as a function of time, for the purpose of measuring peak height or area) The use of an
autgmated system is recommended.

7.2.6.10 Container, suitable for use as a reservoir for storing eluent or water used for eluen{ generation
(7.26.2).

7.2f pH-meter.

8 |Occupational exposure assessment

8.1 General

Thig part of ISO 21438 pertains to the taking of personal“and static samples. Refer to relevant Ingternational,
Eurppean or National Standards (e.g. EN 4820101 EN'689['1] and ASTM E1370l"]) for guidancg on how to
devglop an appropriate assessment strategy and for,general guidance on measurement strategy.

8.2| Personal sampling

Exppsure of workers to HF and particutate fluorides shall normally be determined by personal sampling, since
the lconcentration of HF and particulate”fluorides in the breathing zone can be different from the background
level in the workplace.

8.3| Static sampling

Stafic sampling maybe.Carried out, if appropriate, to assess the exposure of workers in a situgtion where
pergonal sampling 4s'\not possible (see Note to 9.1.2.1 for an example of such a situation); to charpcterize the
background levekof-HF and particulate fluorides in the workplace in order to give an indication of the efficiency
of ventilation,.ento provide information on the location and intensity of an emission source.

8.4| Selection of measurement conditions and measurement pattern

8.4.— Generat
8.41.1 Sampling shall be carried out in such a way as to cause the least possible interference with the
worker and the normal performance of the job, and to provide samples that are representative of normal
working conditions and that are compatible with the analytical method.

8.4.1.2 The pattern of sampling shall take into consideration practical issues, such as the nature of the
measurement task and the frequency and duration of particular work activities.
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8.4.2 Screening measurements of variation of concentration in time and space

Screening measurements of variation of concentration in time and space are used to:

a)
b)
c)

d) estima

provide information on the likely pattern of concentration of chemical agents;
identify locations and periods of elevated exposure;

provide information on the location and intensity of emission sources;

e the effectiveness of ventilation or other technical measures.

843 Sc
measurem

8.4.31

relatively cr|
exists at a
determine it

8.4.3.2
initial stage
representat

eening measurements of time-weighted average concentration and worst-g

nts

Screening measurements of time-weighted average concentration are performed to ol
Lde quantitative information on the exposure level in order to decide whether an.exposure prok
| and, if so, to appraise its possible seriousness. These measurements~can also be use
the exposure is well below or well above the limit value.

Screening measurements of time-weighted average concentration are typically carried out in
5 of a survey to assess the effectiveness of control measures. Sampling may be carried out du
ve work episodes to obtain clear information about the level-and pattern of exposure, or w

case measlyirements may be made.

g

4

NOTE
during which

8.44 Me

Measuremsgq
of the sourg
a significan

8.4.5
8.45.1

8.4.5.1.1
information
agent in thg

8.4.5.1.2
shall be as

8.4.5.1.3
collected fqg

bcreening measurements of time-weighted average concentration made to identify clearly work epis
highest exposure occurs are typically referred to as “worst-gase measurements”.

Asurements near an emission source

e. In association with other information, they can enable the elimination of a suspected sourc
contributor to exposure.

Measurements for comparison with limit values and periodic measurements

Measurements for comparison with limit values
Measurements for comparison with limit values are performed to provide accurate and reli
air that could be.jnhaled (see EN 482[10]),

When making measurements for comparison with a short-term exposure limit, the sampling
Close as\possible to the reference period, which is typically 15 min.

When making measurements for comparison with a long-term exposure limit, samples sha
r the entire working period, if possible, or during a number of representative work episodes

ase

tain
lem
d to

the
ring
Drst-

bdes

nts may be performed near an emission source to provide information on the location and intensity

P as

able

on, or enable the ‘prediction of, the time-weighted average concentration of a specific chenpical

me

| be
see

9.1.2.1 for the minimum sampling time).

NOTE

often not practicable (e.g. because of the possibility of overloading the filter).

8.4.5.2

Periodic measurements

The best estimate of long-term exposure is obtained by taking samples for the entire working period, but this is

Periodic measurements are used to determine whether exposure conditions have changed since the
measurements for comparison with limit values were performed, or whether control measures remain effective.

14
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9 Sampling
9.1 Preliminary considerations

9.1.1 Selection and use of samplers

9.1.1.1 Select samplers (7.1.1) designed to collect the inhalable fraction of airborne particles, as defined
in ISO 7708, manufactured from a material that does not react with HF.

If possible, the samplers selected should be manufactured from conducting material, since samplers
manufactured from nnn-nnndlm’ring material have electrostatic prnpnrtine that can influence representative

sanpling.

9.1.11.2 Use the samplers at their design flow rate and in accordance with the instructions“proyided by the
marnufacturer. See CEN/TR 1523018l for further guidance.

9.1.2 Sampling period

9.1.1 Select a sampling period that is appropriate for the measurementtask (see 8.4), but ensure that it
is lgng enough to enable particulate fluorides and HF to be determined withacCeptable uncertainty (see 3.5.8)
at Igvels of industrial hygiene significance. For example, estimate the minimum sampling time, ¢,,,;,{ in minutes,
required to ensure that the amount collected is above the lower limit(of the working range of the analytical
method when particulate fluorides or HF are present in the test atmasphere at a concentration of 0,1 times the
limi{ value, using Equation (1):

tinin = —— oM (1)
qr X0,1x pLy
where
mower 1S the lower limit, in micrograms, ©f the analytical range;
qy is design flow rate, in litres\per minute, of the sampler;
ALV is the limit value, in milligrams per cubic metre.
NOTE If the minimum samplihg time is not short enough for the method to be useful for the intended measurement

task| consider the possibility 6f using a sampler designed to be used at a higher flow rate (see 9.3.2.1).

9.1.2.2 When high)concentrations of airborne particles are anticipated, select a sampling périod that is
not po long as to risk overloading the pre-filter with particulate matter.

9.1.R.3 When a high concentration of HF is anticipated, select a sampling period that is not sp long as to
risk|exceeding'the maximum sampling capacity of the HF sampling filter. See Reference [20].

9.1.pC-Temperature and pressure effects

9.1.3.1 Effect of temperature and pressure on flow rate measurements

Refer to the manufacturer's instructions to determine whether the indicated volumetric flow rate of the
flowmeter (7.1.5) is dependent upon temperature and pressure. Consider whether the difference between the
atmospheric temperature and pressure at the time of calibration of the flowmeter and during sampling is likely
to be great enough to justify making a correction to take this into account, e.g. if the error could be greater
than 5 %. If a correction is necessary, measure and record the atmospheric temperature and pressure at
which the calibration of the flowmeter was checked (see 7.1.5), and measure and record the atmospheric
temperature and pressure at the start and at the end of the sampling period (see 9.4.1 and 9.4.2).

NOTE An example of temperature and pressure correction for the indicated volumetric flow rate is given in A.1 for a
constant-pressure drop, variable-area flowmeter.
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9.1.3.2

Expression of results

Consider whether it is necessary to recalculate the concentration of HF and particulate fluorides in air to
reference conditions (see I1SO 8756[2]). If so, measure and record the atmospheric temperature and pressure
at the start and at the end of the sampling period (see 9.4.1 and 9.4.2) and use Equation (A.2) or (A.3) to
apply the necessary correction.

NOTE

(temperature, pressure) at the workplace.

9.1.4 Sample handling

To minimiz
filters (7.1.2
air is as low

The concentration of particulate fluorides and HF in air is generally stated for actual environmental conditions

e the risk of damage or contamination, only handle the pre-filters (7.1.2.1), HF ~samy
.2), and spacers (7.1.3) in a clean area where the concentration of HF and particulatecfluoride
as possible and only handle filters using tweezers (7.1.6.3).

9.2 Preparation for sampling

9.21 Cle
Clean the

soak in de
before reas

ning of samplers

mplers (7.1.1) before use, unless using disposable sampling cassettes. Dismantle the samp
ergent solution, rinse thoroughly with water (6.1), wipe with absorbent tissue and allow to
5embling. Alternatively, use a laboratory washing machine.

9.2.2 Loading the samplers with filters

Load each

pre-filter (7
configuratio
then throug
seal with its

Key

Clean sampler (see 9.2.1), first with an HF sampling-filter (7.1.2.2), then a spacer (7.1.3) and th
1.2.1). A spacer may also be placed behind the:HF sampling filter to support it. Ensure that
n in which the filters are loaded leads to the.sampled air passing first through the pre-filter
h the impregnated filter (see Figure 1). Label @ach sampler so that it can be uniquely identified
protective cover or plug to prevent contamination.

1

____________________________________ 2

3
\ 4
4

ling
s in

ers,
dry

BN a
the
and
and

1
2

pre-filter
spacer

3 HF sampling filter

4  direction

16

of air flow through the sampler

Figure 1 — Filter loading configuration
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9.2.3 Setting the volumetric flow rate
Perform the following in a clean area, where the concentrations of particulate fluorides and HF are minimal.

Connect each loaded sampler (see 9.2.2) to a sampling pump (7.1.4) using flexible tubing (7.1.6.1), ensuring
that no leaks can occur. Remove the protective cover or plug from each sampler, switch on the sampling
pump, attach the flowmeter (7.1.5) to the sampler so that it measures the flow through the sampler inlet
orifice(s) and set the required volumetric flow rate (see 9.1.1.2). Switch off the sampling pump and seal the
sampler with its protective cover or plug to prevent contamination during transport to the sampling position.

If necessary, allow the sampling pump operating conditions to stabilize before setting the volumetric flow rate.

|4 Field blanks

9.2

Retain as blanks one unused loaded sampler from each batch of 10 prepared, subject to,a minimyum of three.
Treat these in the same manner as those used for sampling in respect of storage and transport fo and from
the pampling position, but draw no air through the filters.

9.3| Sampling position

9.3.1 Personal sampling

9.3.1.1 Position the sampler in the worker's breathing zonefas close to the mouth and |nose as is
reagonably practicable, e.g. fastened to the worker's lapel. Attach the sampling pump to the worker in a
manner that causes minimum inconvenience, e.g. to a belt (7.1.6.2) around the waist, or place it in a

conyenient pocket.

9.3.
bety
a s
as

t difference
easured by
ler as close

1.2 Give consideration to whether the nature of¢he process is likely to result in a significar
veen the actual exposure of the worker and the concentration of particulate fluorides and HF
mpler mounted on the lapel. If this is the case,(make special arrangements to mount the samp
ossible to the worker's nose and mouth.

9.3. Static sampling

9.3..1

sanf
ind

If static sampling is carried-out to assess the exposure of a worker in a situation whg
pling is not possible, position the $ampler in the immediate vicinity of the worker and at breathi
bubt, take the sampling position to be the point where the risk of exposure is considered to be ¢

re personal
ng height. If
reatest.

9.3.
HF
resy

Lorides and
5, such that

R.2 If static sampling is carried out to characterize the background level of particulate fl
n the workplace, select’a sampling position that is sufficiently remote from the work processe
Its are not directly-affected by particulate fluorides and HF from emission sources.

9.4| Collection of samples

9.4.1 When ready to begin sampling, remove the protective cover or plug from the sampler and switch on
the [sampling pump. Record the time and volumetric flow rate at the start of the sampling period. If the
sampling pump is fitted with an integral timer, check that this is reset to zero. If appropriate [see 9.1.3),
measure the atmospheric temperaiure and pressure at the start ol the sampling period using the
thermometer (7.1.6.4) and barometer (7.1.6.5), and record the measured values.

NOTE If the temperature or pressure at the sampling position is different from that where the volumetric flow rate was
set (see 9.2.3), the volumetric flow rate can change and can require readjustment before sampling.

9.4.2 At the end of the sampling period (see 9.1.2), record the time and calculate the duration of the
sampling period. Check the malfunction indicator or the reading on the integral timer, if fitted, and consider
the sample to be invalid if there is evidence that the sampling pump was not operating properly throughout
the sampling period. Measure the volumetric flow rate at the end of the sampling period using the
flowmeter (7.1.5), and record the measured value. If appropriate (see 9.1.3), measure the atmospheric
temperature and pressure at the end of the sampling period using the thermometer (7.1.6.4) and barometer
(7.1.6.5), and record the measured values.
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9.4.3 Carefully record the sample identity and all relevant sampling data (see Clause 13). Calculate the
mean volumetric flow rate by averaging the volumetric flow rates at the start and at the end of the sampling
period and, if appropriate (see 9.1.3), calculate the mean atmospheric temperature and pressure. Calculate
the volume of air sampled, in litres, at atmospheric temperature and pressure, by multiplying the mean flow

rate, in litres per minute, by the duration, in minutes, of the sampling period.

9.5 Transportation

9.5.1

Samplers with an internal filter cassette

For samplefs with an internal filter cassette, remove the filter cassette from each sampler and fasten wit
lid or transport clip.

9.5.2 Sa

For sample
they were ¢

plers of the disposable cassette type

's of the disposable cassette type, transport the samples to the laboratory in the>samplers in w
pllected.

9.5.3 Transport of samples to the laboratory

h its

hich

9.5.3.1 Transport the samples (9.5.1 and 9.5.2) to the laboratory in a container which has been designed
to prevent damage to the samples in transit and which has been labelled.to ensure proper handling.

9.5.3.2 Ensure that the documentation which accompanies, the* samples is suitable for a “chaip of
custody” to pe established (see, for example, ASTM D4840(8]).

10 Analysis

CAUTION + Use suitable personal protective equipment (including suitable gloves, face shield or

safety glasses, etc.) while carrying out the analysis.

10.1 Preplaration of test and calibration solutions

10.1.1 Selection of sample preparation method

Decide whether to use water.(6:1) or eluent (6.4.10 or 6.4.12, depending on the analytical technique

separator ¢

10.1.2 Pre

10.1.21
screw-cap

blumn used) to prepare test solutions for determination of particulate fluorides and HF.

baration of test solutions

Open.each filter cassette or sampler (see 9.5) and transfer both filters into individual, labg
essels (7.2.3.2) or beakers (7.2.3.3) using clean tweezers (7.1.6.3), ensuring that the side of

and

lled
the
jure

pre-filter on

which the particulate fluoride sample was collected is facing upwards. Follow the same proce

for the blank filters (see 9.2.4).

10.1.2.2

10.1.2.3

10.1.2.4

18

Pipette 5,0 ml of water (6.1) into each screw-cap vessel (7.2.3.2) or beaker (7.2.3.3).

Swirl gently to mix the contents, ensuring that the filter remains completely immersed. Sonicate
for 15 min in an ultrasonic bath (7.2.5) and then allow the immersed filters to sit for 1 h at room temperature,
swirling or agitating occasionally. (Ultrasonic treatment of the impregnated filter may be omitted, if desired.)

Filter each sample solution through a PTFE filter (7.2.3.6), e.g. by using a disposable
syringe (7.2.3.7), dispensing each filtrate into an individual, labelled, autosampler vial (7.2.3.8).
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10.1.3 Preparation of calibration solutions
Prepare a minimum of five calibration solutions to cover a concentration range, e.g. from 0,8 mg -1 to 8 mg I-*
of fluoride. Accurately pipette appropriate volumes of fluoride working standard solution (6.5.2) into individual,

labelled plastic one-mark volumetric flasks (7.2.3.1) or graduated centrifuge tubes (7.2.3.4), dilute to the mark
with water (6.1), close and mix thoroughly. Prepare these calibration solutions fresh daily.

10.2 Instrumental analysis

10.2.1 Setting up the instrument

10.2.1.1 Set up the ion chromatograph in accordance with manufacturer's instructions.
10.2.1.2 Install a sample loop that gives a suitable injection volume.
10.2.1.3 Adjust the detector to measure to a suitable measuring range.

10.2.1.4 Adjust the flow rate of the eluent (6.3, 6.4.10, 6.4.12) to a value, that is compatihle with the
colymns used.

10.2.1.5  Adjust the flow rate of the regeneration solution to a suitable value.

10.2.2 Analysis

10.2.2.1 Inject the calibration solutions (10.1.3) into thecden chromatography system in order of increasing
congentration and measure fluoride peaks for each calibration solution, in peak area mode.

10.2.2.2 Use the instrument's computer to generate a calibration function using a linear [regression.
Releat the calibration if the coefficient of determination, 2, is not greater than 0,999.

NOTE If 2 <0,999, it can be possible to remave an erroneous calibration point and reprocess the datg to obtain an
accgptable calibration.

10.2.2.3 Inject the blank and sample’test solutions (10.1.2) into the ion chromatography systerh and make
measurements for each solution.\Use the stored calibration function (10.2.2.2) to determine fhe fluoride
congentrations in milligrams pef litre.

10.2.2.4 Analyse the_calibration blank and a mid-range calibration solution after the initial cal{bration and
then after every 10 test 'solutions. If the measured concentration of fluoride in the continuing calibfation blank
(COB) is above the.'method detection limit, as determined in 10.3.2, or if the measured concgentration of
fluofide in the continuing calibration verification (CCV) has changed by more than +5 %, take|one of the
follqwing corrective measures. Either use the instrument software to correct for the sensitivity change (reslope
facility), or stispend analysis and recalibrate the instrument. In either case, reanalyse the test sglutions that
werg analysed during the period in which the sensitivity change occurred or, if this is not possiblg, reprocess
the pata.to take account of the sensitivity change.

10.2.2.5 Analyse reagent blank solutions and laboratory blank solutions as specitied in 10.4.1, and quality
control solutions as specified in 10.4.2.1. Use the results to monitor the performance of the method as
specified in 10.4.2.2.

10.2.2.6 If concentrations of fluoride are found to be above the upper limit of the linear calibration range,
dilute the test solutions in order to bring them within the linear range and repeat the analysis. Add an
appropriate volume of extraction solution when making dilutions so that the diluted test solutions and the
calibration solutions are matrix matched, and record the dilution factor, fyiution-

For samples expected to have very high concentrations of fluoride, it may be necessary to dilute the test
solutions before they are first analysed.
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10.3 Estimation of detection and quantification limits

10.3.1 Esti

10.3.1.1

mation of the instrumental detection limit

Estimate the instrumental detection limit under the working analytical conditions following

the

procedure described in 10.3.1.2 and 10.3.1.3 and repeat this exercise whenever the experimental conditions
are changed significantly.

NOTE

The instrumental detection limit is of use in identifying changes in instrument performance, but it is not a

method detection limit (see Reference [23]). The instrumental detection limit is likely to be lower than the method detection
limit, because it only takes into account the variability between individual instrumental readings; determinations made on

one solution

10.3.1.2

limits by dilliting the working standard solution (6.5.2) by an appropriate factor.

10.3.1.3
instrumentg

10.3.2 Estimation of the method detection limits and quantification limits

10.3.2.1
conditions
described i

significantlyl.

10.3.2.2

near the anticipated detection limits, e.g. 1 ug of fluoride, by spiking each filter with 0,01 ml of a solu

prepared b
following th

10.3.2.3
filter (10.3.2
sample sta
the pre-filte
fluoride and
the determi

NOTE
fortified with

A

10.4 Quality control

oot take frto consideratiomr contributions to vartabitity from themmatrix or sampte:

Prepare a test solution with fluoride concentrations near the anticipated instrumental(deted

Make at least 10 ion chromatographic measurements on the test solution and calculate
| detection limit as three times the sample standard deviation of the mean congcentration value.

Estimate the method detection limits and quantification limits under the working analyj
ollowing the procedure described in 10.3.2.2 and 10.3.2.3 (which”’is based upon the apprdg
N Reference [24]), and repeat this exercise whenever the experimental conditions are chan

Fortify at least 10 pre-filters (7.1.2.1) and at least 10%HF sampling filters (7.1.2.2) with flud

y diluting the working standard solution (6.5.2) by.an appropriate factor. Prepare test solut
b sample dissolution procedure used to prepare the sample test solutions (see 10.1.2).

Make ion chromatographic measurements on the test solutions derived from each sp
.2) and calculate the method detection limit'and the quantification limit as 3 times and 10 times
ndard deviation of the mean concentration value, respectively, for each filter type. The resultg
r give the method detection limit@nd the quantification limit for the determination of particu
the results for the HF sampling filter give the method detection limit and the quantification lim
nation of HF.

n alternative procedure for_éstimating the method detection limit involves the analysis of filter sam
he analyte of interest at¥alues spanning the predicted detection limit (see Reference [23]).

10.4.1 Lab

Carry reagent blanks (water and reagents) and media blanks (unspiked filters) throughout the entire sar

ratory blanks

tion

the

tical
ach
ged

ride
tion
ons

ked
the
5 for
late
t for

ples

nple

preparation|and.analytical process to determine whether the samples are being contaminated from laborgtory
activities. Process reagent blanks according to a frequency of at least 1 in 20 samples or a minimum of|one
per batch.

10.4.2 Spiked samples and spiked duplicate samples

10.4.2.1

Carry spiked samples and spiked duplicate samples throughout the entire sample preparation

and analytical process to estimate the method accuracy on the sample batch, expressed as a percentage
recovery relative to the true spiked value. Spiked samples and spiked duplicate samples consist of filters to
which known amounts of fluoride have been added. [This can be accomplished by spiking with known
volumes of fluoride working standard solution (6.5.2) at amounts within the linear dynamic range of the
instrument. The working fluoride standard solution used shall be prepared from a stock standard fluoride
solution from a different source than that used for preparing the calibration solutions.] Process these quality
control samples according to a frequency of at least 1 in 20 samples or a minimum of one per batch.
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2.2 Monitor the performance of the method by plotting control charts of the relative

3:2010(E)

percentage

recoveries and of the relative percentage differences between the spiked samples and the spiked duplicate
samples. If quality control results indicate that the method is out of control, investigate the reasons for this,
take corrective action, and reanalyse the samples if necessary. See ASTM E882[6] for general guidance on
the use of quality control charts.

10.4

.3 Certified reference materials

If available, suitable certified reference materials (CRMs)") for fluoride shall be analysed prior to routine use of
the method to establish that the percentage recovery relative to the certified value is satisfactory.

10.4

If th
recq
sch

NOT
(Ref

10.

It is
acc
iden
The
both
ultin
of 2

NOT
Refd

NOT

NOT
mea3
estin
(see

preg

bme, if such a scheme exists and if it has access to it.

b Measurement uncertainty

brdance with ISO/IEC Guide 98-3[4l. This entails constructing.a cause and effect diagram (I1SC

.4 External quality assessment
e laboratory carries out the analysis of fluoride in workplace air samples on a -regular

mmended that it participate in a relevant external quality assessment scheme or proficie

E

strongly recommended that the laboratory estimate and report the uncertainty of its meas

tify the individual sources of random and systematic error\in the overall sampling and analyti
standard uncertainties associated with these errors_are then estimated, determined exper

nately multiplied by an appropriate coverage factor, t6 produce an expanded uncertainty. A cov

E1 The application of cause and effect analysis to analytical methods is described in ISO/IEC Guide
rences [26] and [27].

E2 See EN 138903 for guidance'on including the uncertainty associated with sampling in the uncert
E3 Terms that contribute to the random variability of an analytical method are generally account]
surement precision, which can-be estimated from quality control data. Error associated with instruments
hated, assuming a rectangular probability distribution, by dividing the allowable drift before recalib

10.2.2.4). Systematic errors of an analytical method include, for example, those associated with analyt
aration of working standard solutions, dilution of test solutions, etc.

basis, it is
ncy testing

For information about existing proficiency testing schemes, refer, for example, to the EPT|IS database
erence [25]) or to a national accreditation organization.

irements in
) 900403]) to
cal method.
mentally or

, and combined in what is referred to as an uncertainty budget. The combined standard uncertainty is

brage factor

is ordinarily recommended, giving a level of confidence of approximately 95 % in the calculated value.

b8-311 and in

ainty budget.

ed for in the
| drift can be
ration by 3
cal recovery,

1)
ISO

CRMs are available from the European Commission and National Institute for Standards and Technology (NIST). This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by

of the products supplied by these agencies.
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11 Expression of results

Calculate the mass concentration of HF and particulate fluorides in the air samples at ambient conditions,
using Equations (2) and (3):

(PF,1 X¥yx fdnution) - (PF,o X Vo)

PHF = % X fconversion (2)

(PF,1 XV x fdilution) - (PF,O X Vo)

PF = o (3)
¥
where
PHF is the mass concentration, in milligrams per cubic metre, of HF, as fluoride, in-the’air sampile;
PE is the mass concentration, in milligrams per cubic metre, of particulate flucrides, as fluotide,
in the air sample;
PE.0 is the mean concentration, in milligrams per litre, of fluoride in the blank test solutions;
PF A is the concentration of fluoride, in milligrams per litre, in the/sample test solution;
vV is the volume, in litres, of the air sample;
Vo is the volume, in millilitres, of the blank test solution;
V4 is the volume, in millilitres, of the sample test solution;
Jdilution is the dilution factor (fg;tion = 1 in the absence of dilution);

Jeonverson 18 the factor to convert from anionte acid concentration (1,053).

12 Method performance
12.1 Sampling efficiency and-sample storage

1211 HF

Laboratory festing withstest atmospheres of HF has determined the sampling efficiency to be >95 % for HF in
the range ¢f 0,13 mg'm=3 to 5mg m=3 at humidities of up to 60 %. At a humidity of 80 %, the sampling
efficiency ¢ecreases to 60 %. Recovery of HF was >95% after two weeks sample storage. [See
Reference [R0}Aor further information.

12.1.2 Particulate fluorides

Laboratory testing with filters spiked with fluoride yielded a recovery of >95 % after four weeks sample storage.
See Reference [20] for further information.

12.2 Quantification limit
The quantification limit of the method has been determined (see Reference [20]) to be 3,0 mg I for HF and

1,0 mg I for particulate fluorides. For a sample solution volume of 5 ml and an air sample volume of 120 |,
this is approximately equivalent to 0,13 mg m=23 for HF and 0,04 mg m~3 for particulate fluorides.
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