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ISO 21438-2:2024(en)

ord

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not eceived ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 2, Workplace

atmosphe

This seco
revised.

The main

— terms,

— infor

Alistof a

"es.

hd edition cancels and replaces the first edition (ISO 21438-2:2009), which has been t¢chnically

changes are as follows:
definitions and references have been updated;
mation on sample preparation and analytical methodology has been updated.

| parts in the ISO 21438 series can be found on the ISO website.

Any feedback or questions-on this document should be directed to the user’s national standards body. A

complete

listing of theSe-Bodies can be found at www.iso.org/members.html.
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Introduction

The health of workers in many industries is at risk through exposure by inhalation of volatile inorganic acids.
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 document has been published in order to make available a method for making valid exposure
measurements for volatile inorganic acids in use in the industry, such as hydrochloric acid, hydrobromic
acid and nitric acid, but excluding hydrofluoric acid. This document is intended to be of benefit to:

— agencies concerned with health and safety at work;

— industrial hygienists and other public health professionals;

— analyftical laboratories;
— indudtrial users of hydrochloric acid, hydrobromic acid and nitric acid and their workers; etc.

The execytion of the provisions and the interpretation of the results obtained with the use of this focument
are entrupted to appropriately qualified and experienced people.

The procg¢dure is intended to differentiate between the acids and their corresponding salts. Iff both are
present i} the air, particulate salts are trapped on a pre-filter. Co-sampled particulate matter eithdr trapped
on the pr¢-filter or deposited on the walls of the sampler, or both, can be analysed, if desired.

Acids can react with co-sampled particulate matter on the pre=filter, causing interference [with the
measurerhent of the acid concentration.

© IS0 2024 - All rights reserved
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Workplace atmospheres — Determination of inorganic acids
by ion chromatography —

Part 2

Volatile acids, except hydrofluoric acid (hydrochloric acid,

hydr

1 Scop

This docyment specifies a method for the determination of the time-weighted average mass concer

hydrogen
acid mist
quartz fib

For mist s
particles

2 Normative references

The follov
requirem
the latest

[SO 1042,
[SO 3585,
ISO 3696,
[SO 7708,

ISO 8655
recommel

ISO 8655+

ISO 8655-
the deterrn

bromicacid and nitricacid)
e

chloride (HCI) gas and hydrochloric acid mist, hydrogen bromide (HBr) vapour and hyq

tration of
robromic

and nitric acid (HNO3) vapour and mist in workplace air by collection‘on an alkali-impregnated

re filter and analysis by ion chromatography.

ampling, this method is applicable to the personal sampling of’the inhalable fraction o
hs defined in ISO 7708 and to static (area) sampling.

ying documents are referred to in the text in such'a'way that some or all of their content c
bnts of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (includilig any amendments) applies.

Laboratory glassware — One-mark volitmetric flasks

Borosilicate glass 3.3 — Properties

Water for analytical laboratory use — Specification and test methods

Air quality — Particle sizefraction definitions for health-related sampling

L1, Piston-operated~velumetric apparatus — Part 1: Terminology, general requirements
dations

2, Piston-operated volumetric apparatus — Part 2: Pipettes

6, Pistoni~operated volumetric apparatus — Part 6: Gravimetric reference measurement proj
hination.of volume

ISO 18158, Workplace air — Terminology

[ airborne

bnstitutes
bferences,

and user

cedure for

ISO 20581, Workplace air — General requirements for the performance of procedures for the measurement of
chemical agents

SO 21832:2018, Workplace air — Metals and metalloids in airborne particles — Requirements for evaluation of
measuring procedures

EN 13205, Workplace exposure — Assessment of sampler performance for measurement of airborne particle
concentrations
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18158 and the following apply.

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

— ISO0

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1

blank solution
solution prepared by taking a reagent blank, laboratory blank or field blank through the same procedure

used for

3.2
calibrati
calibratio

Note 1 to €

3.3

calibrati
solution p
at concen

3.4
extractio
solvent ot

3.5

sample diissolution

process o
not invol¥y

3.6
sample s
solution p

Note 1 to
solution (3|

3.7

imple dissolution (3.5)

bn blank solution
n solution (3.3) prepared without the addition of any working standard solution (39)

ntry: The concentration of chloride, bromide and nitrate in the calibration blankselution is taken

bn solution
repared by dilution of the working standard solution (3.9), containing chloride, bromide a
[rations that are suitable for use in calibration of the analytical instrument

n solution
solution used to solubilise the analyte(s) of interest

[ obtaining a solution containing chloride, bromide and nitrate from a sample, which do
e complete dissolution of the sample

blution
repared from a sample by the process of sample dissolution (3.5)

bntry: A sample solution can require further operations, for example, dilution, in order to pro
8) that is ready for analysis!

stock sta

solution, fised for preparation of the calibration solutions (3.3), containing chloride, bromide and
at a certiffied concentration that is traceable to national standards

3.8

test solution
blank solitian (3.1) or sample solution (3.6) that has been subjected to all operations required to by

dard solution

to be zero.

hd nitrate

bs or does

Huce a test

or nitrate

ing it into

a state in which it is ready for analysis, e.g. dilution, filtered

Note 1 to entry: The blank test solution is the blank solution and the sample test solution is the sample solution if these
solutions are not subjected to any further operations before analysis.

39

working standard solution
solution, prepared by dilution of the stock standard solution(s) (3.7), that contains chloride, bromide and
nitrate at concentrations that are better suited to the preparation of calibration solutions (3.3) than the
concentrations of chloride, bromide and nitrate in the stock standard solution(s)

© IS0 2024 - All rights reserved
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4 Principle

A known volume of air is drawn through a pre-filter and an alkali-impregnated quartz fibre sampling filter
mounted in an inhalable sampler to collect HCI, HBr and HNO;. The acids are collected on the sampling filter,
while particulate salts of the acids are trapped on the pre-filter.

The acids collected on the sampling filter are extracted with water or eluent (see 10.1.2), without heating, to
solubilize the analytes of interest.

Aliquots of the sample solution are subjected to ion chromatography in order to separate the extracted
chloride, nitrate or bromide from other anions. Following this separation, the anions are measured using a
conductivity or UV/visible detector.

Analyticall results are obtained by plotting the measured signal as a function of concentration. THey can be
used for gssessing the occupational exposure to HCl, HBr and HNO; in the air.

5 Requirement

The meaduring procedure shall comply with the performance requirements for procedures for measuring
chemical pgents in workplace air given in ISO 20581.

6 Reagents

Use only feagents of recognized analytical grade and only water asspecified in 6.1. It is advisablg to check
the blankjvalues of all chemicals before use.

NOTE Chlorides and nitrates are found ubiquitously in the environment, and the presence of chloride and nitrate
in reagent$ can lead to high blank values. It is therefore advisable.te check the blank values of all chemicals pefore use.

6.1 Water, from a purification system that deliver§,ultrapure water of grade 1, in accordancq with the
requiremgnts of [SO 3696.

NOTE State-of-art water purification systenis-deliver water of grade 1 with higher quality than specified in
ISO 3696 (p.g. resistivity greater than 18 MQ.-cm)s

6.2 Sodium carbonate (Na,CO0;),anhydrous, mass fraction greater than 99,9 %.

6.3 Sodium carbonate solution;, 1 mol/], for impregnation of 37 mm diameter quartz fibre filtefs.

Dissolve [10,6 g of Na,CO5{(6.2) in water. Quantitatively transfer the solution into a 100 ml jone-mark
volumetric flask, dilute £oythe mark with water, stopper and mix thoroughly.

6.4 Sodium bicarbonate (NaHCO;), anhydrous, mass fraction greater than 99,9 %.

6.5 Sodium carbonate/sodium bicarbonate extraction and eluent stock solution.

Create a stock solution for the extraction and eluent solution. The stock solution shall be appropriate to the
used application.

6.6 Sodium carbonate/sodium bicarbonate extraction and eluent solution.

The concentration of the extraction and eluent solution are typically matched, but this can be modified
according to the laboratory procedure.

NOTE An alkaline solution (potassium hydroxide or sodium hydroxide) can be used in place of the buffer solution
according to modifications to the method, but the resulting solution will require adjustment before analysis.

© IS0 2024 - All rights reserved
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6.7 Chloride, bromide and nitrate standard solutions.

6.7.1 Chloride, bromide and nitrate stock solutions.

Use a commercial standard solution with a certificate of its concentration, e.g. 1 000 mg/l, traceable to
national standards. Observe the manufacturer's expiry date or recommended shelf-life. If necessary, dilute
the standard solution (e.g. from 1 000 mg/1to 100 mg/1) to prepare the working standard solution.

6.7.2 Chloride, bromide and nitrate calibration solutions.

Pipette appropriate volumes of the stock solution or working standard solution to create the calibration.
The calibration range shall be in accordance with the calculated working range in 1SO 21832:2018, 5.2.1,
and the limit of quantification (LOQ) in ISO 21832:2018, 8.1.2. A multi-point (i.e. the number of| points to
be consistent with the quality system of the laboratory) calibration shall be constructed within the linear
range of the analytical method.

6.8 Chlpride, bromide and nitrate check-standard.

Use a ceiftified reference material (CRM) as described in 10.4.3 with a certificate of its concentration,
for example, 200 mg/1 for chloride, 400 mg/1 for bromide and 400 mg/1 forynitrate, traceable tp national
standards. Observe the manufacturer's expiry date or recommended shelf-life;

6.9 Chlpride, bromide and nitrate check-standard working solution.

The check-standard working solution should be in the middle _of the calibration range. Pipettel a proper
volume of check-standard (6.8) to create a check-standard working solution with the eluent (6.6). Prepare
this solutjon fresh for every calibration. If necessary, create a check-standard working solution for chloride,
bromide gnd nitrate separately.

7 Apparatus
7.1 Sampling equipment

7.1.1 Samplers, designed to collect the:inhalable fraction of airborne particles, complying with EN 13205,
suitable fpr mounting a pre-filter andisampling filter separated by a spacer, manufactured from 4§ material
that does|not react with acids.

NOTE 1 |[If samplers have andnternal filter cassette, this too has to be manufactured from a material that does not
react with|acids.

NOTE 2 [Materials whiel” do not react with acids, from which samplers and internal filter cassetfles can be
manufactyred, include/polytetrafluoroethylene (PTFE) and other fluorinated polymers, polyvinyl chloifide (PVC),
polyethylene, polypropylene and polycarbonate.

NOTE 3 [CEN/TR 152302 gives examples of inhalable samplers with the potential to meet the requifements of
EN 13205 thatwere available on the market up to 2004, including a list of published reports on their performance.

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

Hydrogen chloride (HCl) gas and hydrochloric acid mist, hydrogen bromide (HBr) vapour and hydrobromic
acid mist and nitric acid (HNO3) vapour and mist are strong acids. Therefore, correct selection of the filter
used for sample collection is of paramount importance. Also, some filters, for example, glass fibre filters, can
contain metals, for example, barium, that react with acids to produce insoluble salts.

Chloride, bromide and nitrate are found ubiquitously in the environment and the presence of chloride,
bromide and nitrate in filter materials can lead to high blank values. It is therefore essential to check the
blank values of each batch of filters used.

© IS0 2024 - All rights reserved
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71.2.1 Pre-filters, of a diameter suitable for use with the samplers (7.1.1), with a collection
efficiency 299 % for particles with a 0,3 pm diffusion diameter and manufactured from a material that does
not react with HCI, HBr or HNO;, for use as pre-filters to remove interfering particulate salts and also is
compatible with the sample preparation and analysis method.

Refer to Clause B.1 for guidance on suitable materials from which pre-filters can be manufactured.

7.1.2.2 Sampling filters, such as quartz fibre, impregnated with sodium carbonate solution, for use as
sampling filters for volatile inorganic acids; e.g. 25 mm diameter filters impregnated with 200 pl of 2,5 mol/I
sodium carbonate solution or 37 mm diameter filters impregnated with 500 pl of 1 mol/l sodium carbonate
solution (6.3) (see References [10] and [11]).

Refer to (i3

7.1.3 Spacers, of a diameter suitable for use with the samplers (7.1.1), for separating‘the pre-filters
(7.1.2.1) gnd sampling filters (7.1.2.2), manufactured from an inert material that doesmot react with the
acids andfon which the acids are not adsorbed, e.g. polypropylene sleeves or PTFE-coatéd screens.

7.1.4 S‘Impling pumps, according to ISO 1313711 should be used.

If the sanppling pump is used outside the range of conditions specified in {50°13137[L] appropripte action
should beftaken to ensure that the performance requirements are met. For instance, at sub-zero temperatures
it can be fecessary to keep the pump warm.

7.1.5 Flow meter, portable, with an accuracy that is sufficientto enable the volumetric flow fate to be
measured to within =5 %.

The calibfation of the flow meter shall be checked against’a primary standard, i.e. a flow mefer whose
accuracy |s traceable to national standards. If appropriate (see 9.1.3), record the atmospheric teMiperature
and pressjure at which the calibration of the flow metéiywas checked.

[t is advidable that the flow meter used be capable)of measuring the volumetric flow rate to withip +2 % or
better.

7.1.6 Ancillary equipment.

— Flexible tubing, for example, silicone of an outer diameter of 10 mm and an inner diameteif of 6 mm
for mpking a leakproof connection from the samplers to the sampling pumps without compressing as a
resulf of the pressure difference between ambient atmosphere and the in-line vacuum at the used flow
rate.

— Belts|or harnessegs;which the sampling pumps can conveniently fix for personal sampling.
— Tweefers manufactured from or tipped with PTFE, for handling filters.

— Filter] transport cassettes, or similar, if required (see 9.5.1), in which to transport samples to the
laborptory.

— Thermometer, of range 0 °Cto 50 °C, graduated in divisions of 1 °C or less, for measurement of atmospheric
temperature. For applications at temperatures below freezing, the range of the thermometer shall extend
to the appropriate desired range.

— Barometer, suitable for measurement of atmospheric pressure.

7.2 Laboratory apparatus

CAUTION — Chlorides, nitrates and, to a minor degree, bromides are found ubiquitously in the
environment, and the presence of chlorides, in particular, can lead to elevated blanks. Check all
disposable labware for chloride, nitrate and bromide contamination before use and clean all reusable
laboratory apparatus thoroughly.

© IS0 2024 - All rights reserved

5


https://standardsiso.com/api/?name=90d109ab29572dd31a9ad8a27669e526

1SO 21438-2:2024(en)

7.2.1 Disposable gloves, impermeable, to avoid the possibility of contamination from the hands and to
protect them from contact with toxic and corrosive substances. PVC gloves are suitable.

7.2.2 Glassware, made of borosilicate glass 3,3, complying with the requirements of ISO 3585, cleaned
before use with water (6.1).

Alternatively, the glassware may be cleaned with a suitable phosphate-free laboratory detergent using a
laboratory washing machine and afterwards rinsed thoroughly with water (6.1).

7.2.3 One-mark volumetric flasks, of capacities up to 2 1, complying with the requirements of ISO 1042.

7 2 4_ P actic lahywrarn
N oo TIC IaoYwwar ©s

725 P
requirem
complyin

Screw-cap polyethylene vessels appropriate for the extraction of collected sample filters:
Beakers of appropriate capacity.

Dispasable filters of PTFE, of pore size 0,45 pm and for use in ion chromatographjy.
Dispgsable syringes of appropriate capacity and with appropriate needles.

Autogampler vials of appropriate capacity.

of standafd solutions, calibration solutions and dilution of samples.

726 U

HCI, HBr 4nd HNO; and for degassing the eluent solutions.

7.2.7 Idn chromatograph, having the following-components:

pump, capable of delivering a constantflow within the range 0,1 ml/min to 5 ml/min at a p

15 MPa to 150 MPa;

eluenft generation system for the‘production of a suitable eluent for use with the selected

column, as an alternative to use of a manually prepared eluent (e.g. see Reference [18]);

ston-operated volumetric instruments, of capacities 0f<50 pl to 10 ml, complying
bnts of ISO 8655-1, and tested in accordance with the~requirements of ISO 8655-6;
b with the requirements of ISO 8655-2, as an alternative to one-mark pipettes for the pr

trasonic bath, preferably with a timer, suitable for use in the ultrasonic extraction m

with the
pipettors,
eparation

ethod for

ressure of

separator

sample injection systemgeomprising a low dead-volume, non-metallic valve fitted with a samplee loop, for

injecting the sample solution into the eluent stream;

guard and separator column, packed with high capacity pellicular anion exchange resin, sy

resolying chloride, nitrate and bromide from other inorganic anions;

suppressoifymodule (chemically or electronically suppressed) for ion chromatography, suital

with the separator column;

itable for

le for use

conductivity detector, flow through, low volume, with a non-metallic flow path.

Components and tubing that come into contact with the sample solution or eluent shall, as far as possible, be
comprising inert materials, e.g. polyetheretherketone (PEEK).

8

Occupational exposure assessment

Refer to ISO 20581, EN 689[4] and ASTM E1370[2] for guidance on how to develop an appropriate assessment
strategy and for general guidance on measurement strategy.

© IS0 2024 - All rights reserved
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9 Sampling
9.1 Preliminary considerations

9.1.1 Selection and use of samplers

Select samplers (7.1.1) in accordance with the requirements of the applicable limit value. Size
samplers shall be designed to collect the appropriate fraction of airborne particles as defined in
and tested in accordance with EN 13205.

If p0551ble the samplers selected should be manufactured from conductmg material, smce

selective
ISO 7708

samplers
ence the

If the sanmpplers selected have an internal filter cassette or cartridge that has to be rinsed ‘duripg sample

preparatipn, this cassette shall be manufactured from a material that does not react with acids.

Use the g§amplers at their design flow rate and in accordance with the instrugtions providg
manufactprer. See Reference [9] for further guidance.

9.1.2 Sampling period

Select a spmpling period that is appropriate for the measurement tagk (see Clause 8) but ensurg
long enoygh to enable HCI, HBr or HNO; in the air to be determined\Wwith acceptable uncertaint)
of industrial hygiene significance. When high concentrations of @irborne particles are anticipaf
a samplinjg period that is not so long as to risk overloading thexfilter with particulate matter. For

d by the

that it is
i at levels
ed, select
example,

estimate [the minimum sampling time, t_;,, expressed in minutes, required to ensure that the amount

collected fis above the lower limit of the working range of the analytical method when HCI, HBr g

present iff the test atmosphere at the appropriate multiple of its limit value (i.e. 0,1 times for an
weightedjaverage limit value or 0,5 times for a short-term limit value), using Formula (1):
b4 Mioq
min T, 7. - \
(ay xkxpyy)
where
Emin is the minimum sampling time, expressed in minutes;
myoq is the limit of quantification, given as mass of the analyte on the sampling substrate,
in micrograms;
qy is the design flow rate, expressed in litres per minute, of the sampler;
k is the'appropriate multiple of the limit value (0,1 times for an 8 h time-weighted ave
ydlue or 0,5 times for a short-term limit value);
PLv 1s the limit value, expressed in milligrams per cubic metres.

r HNO; is
8 h time-

)

expressed

rage limit

If the minimum sampling time is not long enough for the method to be useful for the intended measurement

task, consider the possibility of using a sampler designed to be used at a higher flow rate.

When high concentrations of HCI, HBr or HNO; are anticipated, select a sampling period that is not
to risk exceeding the maximum sampling capacity of the sampling filter (see 12.3).

so long as

When high concentrations of airborne particles are anticipated, select a sampling period that is not so long

as to risk overloading the pre-filter with particulate matter.
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9.1.3 Effect of temperature and pressure on flow rate measurements

Refer to the manufacturer's instructions to determine if the indicated volumetric flow rate of the flow
meter (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 flow meter and during sampling is
likely to be great enough to justify making a correction to take this into account, for example, if the error
is greater than +5 %. If a correction is necessary, measure and record the atmospheric temperature and
pressure at which the calibration of the flow meter 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
Clause A.1

An example of temperature and pressure correction for the indicated volumetric flow rate is given in

forthe constant pressure drnp variable area and flow meter.

Consider

condition
startand
correctio

The conc
(temperat

limit valugs that are referenced at normal temperature and pressure, the cencentration should bg

normal te

whether it is necessary to recalculate the concentration of HCl, HBr and HNOj; in air|to
5 (see ISO 8756[2]). If so, measure and record the atmospheric temperature and press
at the end of the sampling period (see 9.4.1 and 9.4.2) and use Formula (A.2) to apply the
.

pntration of HCI, HBr and HNOj; in air is generally stated for actual-ehvironmental g
ure, pressure) at the workplace. If the concentration is to be comparedwith occupational

mperature and pressure.

9.1.4 Srmple handling

To minim
and space
only hand

9.2 Pre

9.21 C

Clean the
soak in d¢

reassemblly. Alternatively, use a labofatory washing machine.

9.22 L

Load each
the filtery
sampled :
each sam
contamin

ze the risk of damage or contamination, only handle pre-filters (7.1.2.1), sampling filter]
rs (7.1.3) in a clean area where the concentration of\HCl, HBr and HNO; in the air is mi
le using tweezers.

paration for sampling

eaning of samplers

samplers (7.1.1) before use, unlessjusing disposable sampling cassettes. Disassemble the
tergent solution, rinse thoroughly with water, wipe with absorbent tissue and allow to d

pading the aerosol samplers with filters

clean sampler (7:1:1), first with a sampling filter (7.1.2.2), then with a pre-filter (7.1.2.1), §
with a spacef, (j7.1.3). Ensure that the configuration in which the filters are loaded le
hir passing fitst through the pre-filter and then through the sampling filter (see Figure
pler so that it can be uniquely identified, and seal with its protective cover or plug
ation.

reference
Iire at the
hecessary

onditions
exposure
stated at

5 (7.1.2.2)
himal and

samplers,
ry before

eparating
\ds to the
| 1). Label
p prevent

Key

1  pre-filter 3 sampling filter

space

r

a Direction 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 concentration of HCl, HBr and HNO3 is minimal.

Connect each loaded sampler (7.1.1) to a sampling pump (7.1.4) using flexible tubing, ensuring that no leaks
can occur. Remove the protective cover or plug from each sampler, switch on the sampling pump, attach
the flowmeter to the sampler so that it measures the flow through the sampler inlet orifice(s) and set the
required volumetric flow rate. 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.

9.2.4 Fjeld blanks

Retain aq field blanks one unused loaded sampler (7.1.1) from each batch of 10 prepared, supject to a
minimum| of three. Treat these in the same manner as those used for sampling in respeéet of stprage and
transporf to and from the sampling position, but draw no air through the filters.

9.3 Sampling position

9.3.1 Pprsonal sampling

Position the sampler (7.1.1) in the worker's breathing zone, as close to{the mouth and nose as is reasonably
practicable, for example, fastened to the worker's lapel. Attach thesampling pump to the worker in|a manner
that causps minimum inconvenience, for example, to a belt around the waist or place it in a cpnvenient
pocket.

Give consfideration to whether the nature of the work process is likely to result in a significant difference
between fthe actual exposure of the worker and the.goncentration of HCl, HBr or HNO; measpred by a
sampler rhounted on the lapel. If this is the case, maké’special arrangements to mount the samplgr as close
as possible to the worker's nose and mouth.

9.3.2 Static sampling

If static spmpling is carried out to assess the exposure of a worker in a situation where personalf sampling
is not pogsible, position the samplerin the immediate vicinity of the worker and at breathing hgight. If in
doubt, take the sampling position'to-be the point where the risk of exposure is considered to be greatest.

If static spmpling is carried putto characterize the background level of HCI, HBr or HNO; in the workplace,
select a spmpling position that is sufficiently remote from the work processes, such that resulfs are not
directly affected by HClHBT or HNO3 from emission sources.

9.4 Collection©f samples

9.4.1 When\ready to begin sampling, remove the protective cover or plug from the sampler (7.1.1)
and switdhen the sampling pump Record the time and volumetric flow rate at the start of thelsampling
period. If the sampling pump is fitted with an integral timer, check that this is reset to zero. Measure the
atmospheric temperature and pressure at the start of the sampling period (see 9.1.3) using the thermometer
and barometer (7.1.6), 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 it can require re-adjustment before sampling begins.

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 and/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
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the flow meter and record the measured value. Measure the atmospheric temperature and pressure at the
end of the sampling period using the thermometer and barometer (7.1.6) and record the measured values.

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 calculate the mean atmospheric temperature and pressure (see 9.1.3). 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 of the sampling period in minutes.

If the post-sampling verification of flow rate is within +5 % of the measured value prior to sampling, then
it is possible to use the pre-sampling volumetric flow rate or to calculate the mean volumetric flow rate by
averaging the volumetric flow rates at the start and at the end of the sampling period.

Should thfe post-sampling flow rate differ by more than 5 % from the pre-sampling flow rate, tLe sample
should eitfher be considered invalid, or flagged with calculation of concentrations using both-flow rate values
and cons]deration of both values. However, samplers of selective size fractions are required tp operate
within a £5 % range of a nominal flow rate so the sample must be considered invalidjsirice a pr¢- to post-
sampling(deviation of greater than =5 % will be outside of the allowed range.

9.5 Trgnsportation

9.5.1 Samplers that collect airborne particles and/or gases on the filter

For samplers (7.1.1) that collect airborne particles and/or gases on)the filter (see 7.1.1 NOTE 2)), remove
the filter from each sampler, place in a labelled filter transport .cassette and close with a lid. Altdrnatively,
transport samples to the laboratory in the samplers in which they were collected. HCI, HBr or HNQ; acid are
strong aclds. Take particular care to prevent the collected sample from coming into contact with the walls of
the transport container.

9.5.2 Samplers with an internal filter cassette

For samplers (7.1.1) with an internal filter cassette, remove the filter cassette from each sampler gnd fasten
with its lid or transport clip.

9.5.3 Samplers of the disposable-cassette type

For samplers (7.1.1) of the disposable*cassette type, transport the samples to the laboratory in thg samplers
in which fhey were collected.

9.5.4 Transport of samples to the laboratory

Transporf the samples(to the laboratory in a container which has been designed to prevent damage to the
samples ip transit@nd which has been labelled to ensure proper handling.

Ensure tHat the~documentation which accompanies the samples is suitable for a “chain of custddy” to be
establish¢d{e'g. see ASTM D4840L[6l).

9.5.5 Equilibration period

After sampling, store the filters in a clean place for at least four days for equilibration before opening for
analysis[11],

10 Analysis

CAUTION — Use suitable personal protective equipment (including suitable gloves, face shield or
safety glasses, etc.) while carrying out the analysis.
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10.1 Preparation of test and calibration solutions, and filter samples

10.1.1 G

eneral

The eluent of the used separation column can be used as an extraction solution and to prepare test solutions
for determination of HCl, HBr or HNO;.

10.1.2 Preparation of filter solutions

Open the filter cassettes or samplers (see 9.5) and transfer each sampling filter into an individual, labelled,
screw-cap vessel or beaker, using clean tweezers. Follow the same procedure for the blank filters (see 9.2.4).

If analysi

of co-sampled particulate matter 1s desired, retain the pre-filter and sampler.

Accuratelly pipette a suitable volume, for example, 10,0 ml, of extraction solution (see 10.1) ifito“each beaker

or screw-

Treatmen|t for 15 min in an ultrasonic bath is recommended. Allow the immersed filters,te'sit for 1

temperat

For prep3
PTFE filte

10.1.3 P

A multi-p
shall be ¢

of chloride, bromide and nitrate. Accurately pipette approprjate volumes of chloride, bromide aj
tandard solution (6.7) into individual, labelled onte*mark volumetric flasks, dilute to the mark with

working §

water (6.1) or extraction solution (6.5), stopper, and .mix thoroughly. Prepare these calibration

fresh dail

10.2 Ins

Inject thd calibration solutions (see 10.1.3) into the ion chromatography system in order of i
concentrdtion and measure the chloride, bromide and nitrate peaks for each calibration solution i

area mod

Use the i
calibratio

NOTE 1

will yield gn acceptable<€alibration.

Inject the| test soltitions (see 10.1) into the ion chromatography system and make measurement

solution.
in mg/1.

Cap vessel. Swirl gently to mix the contents, ensuring that the filter remains completely i

ire, swirling or agitating occasionally.

ration of test solutions for analysis by ion chromatography, filter each sample solution

reparation of calibration solutions

bint (i.e. the number of points to be consistent with the guality system of the laboratory) c
bnstructed within the linear range of the analytical method to cover a proper concentrat

.

trumental analysis

h

hstrument's computer, to’ generate a calibration function using a linear regression. R
I if the coefficient gf détermination, rZ, is not r2 > 0,999.

If rz2 < 0,999, itis\possible that the removal of an erroneous calibration point and reprocessing

Jse the'stored calibration function to determine the chloride, bromide and nitrate conce

mmersed.
h at room

through a

1, for example by using a disposable syringe, dispensing each filtrdte into an individual, labelled
screw-cap vessel and an autosampler vial.

plibration
ion range
d nitrate

solutions

creasing
the peak

epeat the

bf the data

5 for each
ntrations

Analyse the calibration blank solution and a mid-range calibration solution after the initial calibration
and then after every 10 test solutions. If the measured concentration of chloride, bromide or nitrate in the
continuing calibration blank is above the method limit of detection (LOD), as determined in 10.3.2, or if the
measured concentration of chloride, bromide or nitrate in the continuing calibration verification has changed
by more than +5 %, take one of the following corrective measures. Either use the instrument software to
correct for the sensitivity change (reslope facility) or suspend analysis and recalibrate the instrument. In
either case, reanalyse the test solutions that were analysed during the period in which the sensitivity change

occurred

or, if this is not possible, reprocess the data to take account of the sensitivity change.

Analyse reagent blank solutions and laboratory blank solutions and quality control solutions as specified in
10.4 and use the results to monitor the performance of the method as specified.
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If the concentration of chloride, bromide or nitrate is 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 (see 10.1.2) when making dilutions, so that the
diluted test solutions and the calibration solutions are matrix-matched, and record the dilution factor.

NOTE 2  For samples expected to have very high concentrations of chloride, bromide or nitrate, it can require
dilution of the test solutions before they are first analysed.

10.3 Estimation of limits of detection and quantification

10.3.1 Estimation of the instrumental limit of detection

Estimate fhe instrumental LOD under the working analytical conditions following the procedure Hescribed
and repedt this exercise whenever the experimental conditions are changed significantly.

NOTE The instrumental LOD is of use in identifying changes in instrument performance, but it'is nof a method
LOD (see Heference [12]). The instrumental LOD is likely to be lower than the method LOD begause it only|takes into
account the variability between individual instrumental readings; determinations made on‘éne solution do not take
into consideration contributions to variability from the matrix or sample.

Prepare fa test solution with chloride, nitrate and bromide concentrations near the anticipated
instrumeptal LODs by diluting the working standard solution by an appropfiate factor. Make at lepst 10 ion
chromatographic measurements on the test solution and calculate the instrumental LOD as three|times the
sample sthndard deviation of the mean concentration value.

10.3.2 Eptimation of the method limit of detection and limit-of\quantification

Estimate the method LOD and LOQ under the working analytical conditions using the procedure described
in 10.3.1 (which is based on the approach described in Refetence [13]) and repeat this exercise whdnever the
experimehtal conditions are changed significantly.

Fortify at|{least 10 sampling filters (7.1.2.2) with chloride, nitrate and bromide near the anticipatgd method
LODs, for[example, 1 ug of chloride, nitrate or*bromide, by spiking each filter with 0,01 ml of & solution
prepared|by diluting the working standard solution (6.5.1) by an appropriate factor. Prepare test] solutions
following|the sample dissolution procedure‘used to prepare the sample test solutions (see 10.2.2).

NOTE An alternative procedure for éstimating the method LOD involves the analysis of filter samplg¢s fortified
with the ahalyte of interest at values spanning the predicted LOD (see Reference [12]).

10.4 Quality control

10.4.1 Reagent blanks and laboratory blanks

Carry reapgent blanks@nd laboratory blanks through the entire sample preparation and analytical process to
determing whethetvthe samples are being contaminated from laboratory activities. Prepare reagent blank
solutions fand. Iaboratory blank solutions at a frequency of at least one per 20 samples or a minimpm of one
per batch

If results for reagent blanks and/or laboratory blanks are significantly higher than expected, based on
previous experience, investigate whether contamination is occurring from laboratory activities and/or the
batch of filters used for sampling and take appropriate corrective action to ensure that this does not re-
occur.

10.4.2 Quality control solutions

Carry spiked samples and spiked duplicate samples through the entire sample preparation and analytical
process to estimate the method accuracy on the sample batch, expressed as a percent recovery relative to the
true spiked value. Spiked samples and spiked duplicate samples consist of filters to which known amounts of
chloride, bromide and nitrate have been added. (This can be accomplished by spiking with known volumes
of chloride, bromide and nitrate working standard solution at amounts within the linear dynamic range of
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the instrument. The chloride, bromide and nitrate working standard solution used shall be prepared from
chloride, bromide and nitrate stock standard solutions from a different source from that used for preparing
the calibration solutions.) Process these quality control samples at a frequency of at least one per 20 samples
or a minimum of one per batch.

Monitor the performance of the method by plotting control charts of the relative percent recoveries and of
the relative percent 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 re-analyse the samples if necessary. See ASTM E882!Z for general guidance on the use of quality
control charts.

10.4.3 Certified reference materials

Suitable (
percentag

10.4.4 P

If laborat
participat

NOTE
(European
organizati

10.5 Me

[t is recor
to ISO/IE
sources (@
experime
an approfy
which givj

NOTE 1

NOTE 2
measurem
can be es

instrument is recalibrated (see 10.2) by V3.

NOTE 3
standard S

11 Expy

Calculate

RMs for HCI, HBr or HNO; shall be analysed prior to routine use of the method to establig
e recovery relative to the certified value is satisfactory.

roficiency testing

pries carry out HCI, HBr or HNO; in air analysis on a regular basis, it.is\‘ecommended
e in a relevant proficiency testing scheme, if such a scheme exists and.theéy have access t

For information about existing proficiency testing schemes, refer, for-example, to the datal
Information System on Proficiency Testing Schemes, www.eptis:bam.de) or a national ac
bn.

asurement uncertainty

nmended that laboratories estimate and report the,uncertainty of their measurements
[ Guide 98-3.[3] The first step is to construct a cduse-and-effect diagram to identify the
f random and systematic error in the methed. These are then estimated and/or dg

riate coverage factor to produce an expanded uncertainty. A coverage factor of 2 is recof
es a level of confidence of approximately 95 % in the calculated value.

References [14] and [15] describe thevapplication of cause-and-effect analysis to analytical meth
Terms that contribute to the\random variability of the method are generally accounted

lent precision, which can be determined from quality control data. Error associated with instrun
fimated, assuming a rectangular probability distribution, by dividing the drift permitted

Systematic error$include those associated with method recovery, sample recovery, preparation
olutions and dilution of test solutions.

ession-of results

h that the

that they
it.

ase EPTIS
reditation

hccording
ndividual
termined

htally and combined in an uncertainty budget. Finally, the combined uncertainty is multiplied by

nmended,

pds.
for in the

ental drift
before the

pf working

the ‘'mass concentration of HCI, HBr or HNO; in the air samples at ambient conditi
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o is the mean concentration of chloride, bromide and nitrate in the field blank test solutions,

expressed in milligrams per litre;

1 Is the concentration of chloride, bromide and nitrate in the sample test solution, expressed in

milligrams per litre;
is the volume, expressed in litres, of the air sample;

is the volume, expressed in millilitres, of the field blank test solutions;

12 Method performance

12.1 Sar

Laboratot
efficiency
and HNO4
four week

NOTE
Laborator
affects the

12.2 Linpits of quantification

The targe
preferred
value con
the maxir

The LOQ{
sample sa
three aciq

12.3 Upj
The uppe

isthe vn]nmn, nvprnccpd in mi”ilih‘pc’ of the c:\mplp test cn]nfinn;

is the dilution factor (f; = 1 in the absence of dilution);

is the factor to convert the anion concentration to an acid concentration (f. = 1)028 4 fo
f.=1,012 6 for bromide and £, = 1,016 3 for nitrate).

hpling efficiency and sample storage

y testingl1®] with test atmospheres of HCl, HBr and HNQzapour has determined the
to be >95 % for HCl in the range 0,1 mg-m~3 to 10 mg-m-%HBr in the range 0,5 mg-m3 to

in the range 0,1 mg-m~3 to 10 mg-m=3. Recovery of HCL*HBr or HNO5 was found to be >9
s of sample storage. See Reference [7] for further infermation.

The sampling efficiency of the method is diminished if the pre-filter retains some of the san
 testing(1] has shown that small amounts of HNG3 can be retained on certain types of pre-filt
LOQ of the method if not corrected.

t values for LOQs depend on the.applicable local limit value. In accordance with ISO 2
that limits of quantificationare at least one-tenth or lower than the mass collected af
Centration in a sample volume associated with the applicable averaging time of the limit
hum flow rate of the method.

of the method have-been determined[lll to be 1 mg/l for chloride, bromide and nitn
lution volume of”10 ml and an air sample volume of 240 |, this is equivalent to 0,04 mg
S.

per limits of the working range

" limit of the working range of the method is governed by the maximum permissible load

 chloride,

sampling
|0 mg-m~3
5 % after

hpled acid.
br and this

D581, it is
the limit
value and

ate. For a
m3 for all

ing of the

sampling

filters. It has been demonstrated that no breakthrough occurs at sample loadings of up

Lo at least

0,4 mmol

of acid, for example, approximately 15 mg of HCI or 30 mg of HNO;.

12.4 Bias and precision

12.4.1 A

nalytical bias

Laboratory experiments have shown that the analytical method does not exhibit significant bias. The mean
analytical recovery determined from the analysis of spiked filters has been found to be in the range 96 % to
100 % for hydrochloric and nitric acids, see Reference [11].
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12.4.2 Analytical precision

The component of the coefficient of variation of the method that arises from analytical variability,
determined from the analysis of test gas samples, has been found to be in the range 0,4 % to 1,7 % for
hydrochloric acid and 1,1 % to 1,9 % for nitric acid, see Reference [11].

12.5 Uncertainty of sampling and analysis method

CV,analysis'

The expanded uncertainty of the method, using a coverage factor of 2, has been estimated to be <12 % for
HCl and HBr and <14 % for HNO;, see Reference [11]

12.6 Interferences

The ubiqu
equipmer]t used in the method (i.e. the chemicals and glassware). Therefore, the blank valuesjofall
and equigment have to be carefully checked.

An interlaboratory evaluation of the method was carried out at a test gas facility wsing differe
and filter
environmlental conditions (temperature of approximately 20 °C, humidity .of @pproximately j
estimate
was foundl that iron, zinc oxide and welding fumes can react with the acid gases and can lead to §
sample lo

types. Samples were collected at a concentration of 2 mg-m=3 for HCl\ahd HNO; und
he possible interferences, the pre-filter was pre-loaded with a number of potential inten

5s. Iron oxide was found not to interfere with the determinatijon.

If particullate salts containing chloride, bromide and nitrate are,collected on the pre-filter toge
a stronge
positive ifterference on acid results.

13 Test

' acid such as sulfuric acid, this will lead to displacement of chloride, bromide and nitt

report

13.1 Tedt record

A compre

a)
b)

asta

hensive record of the test performe@ shall be maintained, including the following inform

ement to indicate the confidentiality of the information supplied, if appropriate;

compllete identification of the dir)Sample, including the date of sampling, the place of sampling

of sa
(or a
samp|
samp

ple (personal or static),either the identity of the individual whose breathing zone wa
nother personal identifier) or the location at which the general occupational environ
I:ed (for a static sample), a brief description of the work activities that were carried out ¢
ing period, and-a-inique sample identification code;

arefdrence to this-document, i.e. ISO 21438-2:2024;

the makes, fypes and diameters of the filters used;

the make and type of sampler used;

itous presence of chlorides and nitrates leads to blank values being produced by the realgents and

rhemicals

t sampler
r typical
0 %). To
ferents. It
ignificant

ther with
ate and a

htion:

, the type
5 sampled
ment was
uring the

the make and type of sampling pump used, and its identification;

the make and type of flow meter used, the primary standard against which the calibration of the flow
meter was checked, the range of flow rates over which the calibration of the flow meter was checked,
and the atmospheric temperature and pressure at which the calibration of the flow meter was checked,
if appropriate (see 9.1.3);

the time at the start and at the end of the sampling period, and the duration of the sampling period, in
minutes;

the mean flow rate during the sampling period, expressed in litres per minute;
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the mean atmospheric temperature and pressure during the sampling period, if appropriate (see 9.1.3);

the volume of air sampled, expressed in litres, at ambient conditions;

the name of the person who collected the sample;

the time-weighted average mass concentration of HCl, HBr or HNO; found in the air sample (in mg/m3),

at ambient temperature and pressure, or, if appropriate, adjusted to reference conditions;

the analytical variables used to calculate the result, including the concentrations of chloride, bromide
and nitrate in the sample and blank solutions, the volumes of the sample and blank solutions, and the

dilution factor, if applicable;

NOTE T
calculations to be carried out, the laboratory report can contain the analytical result in micrograms,of
HNO;|per filter sample.

the type(s) of instrument(s) used for sample preparation and analysis, and unique identifiers(s);

the estimated instrumental LODs, method LODs and LOQs under the working ahalytical cond
measprement uncertainty determined in accordance with ISO/IEC Guide 98-3[3} and, if reques
er, quality control data;

eration not specified in this document or regarded as optional;
the name of the analyst(s) [or other unique identifier(s)];
the dpta of the analysis;

any inadvertent deviations, unusual occurrences or other notable observations.

13.2 Laljoratory report

The laborptory report shall contain all information required by the end user.

the above
HCl, HBr or

A

)

tions, the
Led by the
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