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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The health of workers in many industries is at risk through exposure by inhalation of particulate acids
such as sulfuric acid or phosphoric acid compounds. 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 particulate acids in
use in industry. It will be of benefit to: agencies concerned with health and safety at work; industrial
hygienists and other public health professionals; analytical laboratories; and industrial users of sulfuric
and phosphoric acids, and their workers

It has been assumed in the drafting of the ISO 21438 series that the execution of its provisions‘and|the
interpretation of the results obtained are entrusted to appropriately qualified and experienced-people.
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Workplace atmospheres — Determination of inorganic
acids by ion chromatography —

Part 1:
Non-volatile acids (sulfuric acid and phosphoric acid)
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Scope

5 document specifies a method for the determination of the time-weighted ave
centration of sulfuric acid and phosphoric acid in workplace air by ion chromatography.
detected by conductivity.

method is applicable to the personal sampling of airborne particles; as defined in ISO 7
ic (area) sampling.

method does not apply to the determination of sulfur trioxide.

procedure does not differentiate between the acids dnd’ their corresponding salts
sent in the workplace air.

procedure does not differentiate between phospharic acid and diphosphorus pentoxide (
ydride) if both are present in the workplace air.

Normative references

following documents are referred-to in the text in such a way that some or all of th
stitutes requirements of this decument. For dated references, only the edition cited 4
ated references, the latest editioir of the referenced document (including any amendmen

1042, Laboratory glasswarey>— One-mark volumetric flasks

3585, Borosilicate glass 3.3 — Properties

3696, Water for analytical laboratory use — Specification and test methods
7708, Air quatity — Particle size fraction definitions for health-related sampling

8655-1,\Riston-operated volumetric apparatus — Part 1: Terminology, general requiremen
mmendations

ISO

rage mass
The anions

708, and to

f both are

bhosphoric

Pir content
pplies. For
[s) applies.

ts and user

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

ISO 8655-6, Piston-operated volumetric apparatus — Part 6: Gravimetric reference measurement
procedure for the determination of volume

ISO

18158, Workplace air — Terminology

ISO 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.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1

blank solutien
solution prepared by taking a reagent blank, laboratory blank or field blank through the same pro¢eédure
used for sapnple dissolution (3.5)

3.2
calibration blank solution
calibration|solution (3.3) prepared without the addition of any working standard solytion (3.9)

Note 1 to entry: The concentration of sulfate and phosphate in the calibration blank solution is taken to be zdgro.

3.3
calibration solution
solution priepared by dilution of the working standard solution (3.9), containing sulfate and phosphate at
concentratjons that are suitable for use in calibration of the analyticalMnstrument

3.4
extraction solution
solvent or $olution used to solubilise the analyte(s) of interest

3.5
sample dissolution
process of pbtaining a solution containing sulfateand phosphate from a sample, which might or mjght
not involveg complete dissolution of the sample

3.6
sample solution
solution priepared from a sample by the process of sample dissolution (3.5)

Note 1 to eptry: A sample solutiofi ¢an sometimes need to be subjected to further operations, e.g. dilution, in
order to prdduce a test solution(328) that is ready for analysis.

3.7
stock stanldard solution
solution, used for preparation of the calibration solutions (3.3), containing sulfate and/or phosphatefat a
certified cdncentration that is traceable to national standards

3.8
test solution
blank solution (3.1) or sample solution (3.6) that has been subjected to all operations required to bring 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.

3.9

working standard solution

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

2 © IS0 2022 - All rights reserved
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4 Principle

A known volume of air is drawn through a filter to collect acid mist. The filter is mounted in a sampler
designed to collect the required particle fraction of airborne particles (see 7.1.1).

Currently, limit values in different countries exist for sulfuric acid either as “total particulate mass”,
defined by the performance of a sampler, or in the inhalable or the thoracic size selective fraction. A
suitable sampling device for the applicable particle fraction shall be used considering the existing limit
value/particle fraction.

The collected sample is then treated with eluent and ultrasonic application, without heating, to extract
sulfjuric and phosphoric acids.

Aliquots of the sample solution are subjected to ion chromatography in order to separateth¢ extracted
sulflate and phosphate from other anions. Following this separation, the anions ane'nfeasufed using a
conductivity detector.

Andlytical results are obtained by plotting the measured conductivity as axfunction of conlcentration.
They can be used for assessment of occupational exposure to sulfuric acid-and phosphorif acid (and
diphosphorus pentoxide) in air.

5 [Requirement

Theg measuring procedure shall conform to any relevant international, European or nationgl standard
which specifies performance requirements for procedures-for measuring chemical agents in|workplace
air fe.g. 1SO 2058113]).
6 |Reagents

Use| only reagents of recognized analytical(grade and only water as specified in 6.1. It is aflvisable to
chefk the blank values of all chemicals before use.

NOTE1 Sulfates and phosphates aré found ubiquitously in the environment and the presence of pulfates and
phopphates in reagents can lead to high blank values.

6.1| Water, from a purification system that delivers ultrapure water of grade 1 (in accorflance with
1S0[3696).

NOTE 2  State of art-water purification systems deliver water of grade 1 with higher quality than|specified in
ISOB696:1987 (e.g.aesistivity greater than 18 MQ-cm).

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

6.3| _Sodium hydrogencarbonate (NaHCO;), anhydrous, mass fraction > 99,9 %.

NOTE 3  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.

6.4 Sodium carbonate/sodium hydrogen carbonate extraction and eluent stock solution.

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

6.5 Sodium carbonate/sodium hydrogen carbonate 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.

©1S0 2022 - All rights reserved 3
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6.6 Sulfate and phosphate stock solutions.

Use a commercial standard solution with a certificate of its concentration, e.g. 1 000 mg/], 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/1 to 100 mg/1) to prepare the stock solution.

6.7 Sulfate and phosphate calibration solutions.

Pipette appropriate volumes of the stock solution to create the calibration. The calibration range shall
be in accordance with the calculated worklng range (from ISO 21832 2018 5.2. 1) and the limit of
vith
the

Use a certified reference material (CRM) as described in 10.4.3 with a certificate of \its concentratfion,
/1 for sulfate and 600 mg/] for phosphate, traceable to national standards. Observe|the
manufactufrer’s expiry date or recommended shelf-life.

6.9 Sulfate and phosphate check-standard working solution.

The check-standard working solution should be in the middle of the-calibration range. Pipette a prdper
volume of the sulfate and phosphate check-standard (6.8) to create a check-standard with the elyent
(6.4). Preppre this solution fresh for every calibration. If necessary, create a check-standard worlking
solution for sulfate and phosphate separately.

7 Apparatus
7.1 Sampling equipment

7.1.1 Samplers as required to collect-samples consistent with applicable limit values. [The
performanice of samplers shall be in acGerdance with EN 13205 where specific size-selective fractjons
are stipulated.

The operating instructions supplied by the manufacturer should be consulted to find out whether
particulatd matter deposited. bn the internal surfaces of the sampler forms part of the sample.

NOTE1 In general, persenal samplers for collection of the inhalable fraction of airborne particles do| not
exhibit the §Jame size-selective characteristics if used for static sampling.

NOTE2  Yome inhaldble samplers are designed to collect the inhalable fraction of airborne particles on the
filter, and gny particulate matter deposited on the internal surfaces of the sampler is not of interest. Ofher
inhalable sgmplers are designed such that airborne particles which pass through the entry orifice(s) mptch
the inhalable eonvention, in which case particulate matter deposited on the internal surfaces of the samipler
does form part of the sample. (Samplers of this second type generally incorporate an internal filter cassette or
cartridge that can be removed from the sampler to enable this material to be easily recovered.)

NOTE3 PDCEN/TR 152302 gives examples of inhalable samplers with the potential to meet the requirements
of EN 13205, including published reports on their performance.

NOTE 4  Reference [13] discusses the relationship between inhalable and thoracic fractions of sulfuric acid in
workplaces.

4 © IS0 2022 - All rights reserved
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7.1.2 Filters, of a diameter suitable for use with the samplers, with a collection efficiency = 99 % for
particles with a 0,3 pm diffusion diameter and manufactured from a material that is compatible with

the

sample preparation and analysis method.

Sulfuric acid and phosphoric acid are strong acids. They react (e.g. by dehydration) with many organic
and polymeric materials, and destroy the filter material. Therefore, correct selection of the filter used
for sample collection is of paramount importance. In particular, the filter has to be manufactured from a
material that does not react with the acids. Also, some filters (e.g. glass fibre filters) can contain metals
(e.g. barium) that react with sulfuric and/or phosphoric acids to produce insoluble salts. The following
filter types are generally suitable for use:

Sulf
pho

binder-free quartz fibre filters;
polyvinyl chloride (PVC) membrane filters, of pore size 5 um or less;
polytetrafluoroethylene (PTFE) membrane filters, of pore size 5 um or less;

ates and phosphates are found ubiquitously in the environment and the\presence of s
sphates in filter materials can lead to high blank values. It is therefore éssential to chec

valuies of each batch of filters used.

7.1.

3 Sampling pumps, in accordance with ISO 1313721, should®ge used.

1fates and
k the blank

If the sampling pump is used outside the range of conditiehg specified in 1SO 13137[2] gppropriate

acti
tem

7.1.
med

Thd
wh
tem

Itis
or H

7.1.

on should be taken to ensure that the performance requirements are met. For instance,
peratures it can be necessary to keep the pump wanm:

4 Flowmeter, portable, with an accuracy that'is sufficient to enable the volumetric floy
isured to within £5 %.

calibration of the flowmeter shall be, checked against a primary standard, i.e. a
se accuracy is traceable to national standards. If appropriate (see 9.1.3), record the a
perature and pressure at which thelcalibration of the flowmeter was checked.

advisable that the flowmeter used is capable of measuring the volumetric flow rate to w
etter.

5 Ancillary equipment:

Flexible tubing; e:g. silicone of an outer diameter of 10 mm and an inner diameter o
making a leakproof connection from the samplers to the sampling pumps without com
aresult of thepressure difference between ambient atmosphere and the in-line vacuum
flow rate-of 3,51 min~1.

BeltSor harnesses, which the sampling pumps can conveniently fix for personal sampl

ht sub-zero

vV rate to be

flowmeter
mospheric

ithin 2 %

f 6 mm for
bressing as
at the used

ng.

Tweezers, manufactured from or tipped with PTFE, for handling filters

©IS

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

laboratory.

Thermometer, of range 0 °C to 50 °C, graduated in divisions of 1 °C or less, for measurement of

atmospheric temperature. For applications at temperatures below freezing, the ra
thermometer shall extend to the appropriate desired range.

Barometer, suitable for measurement of atmospheric pressure.

02022 - All rights reserved
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7.2 Laboratory apparatus

CAUTION — Both sulfates and phosphates are found ubiquitously in the environment. This can
lead to elevated blanks so it is especially important to take great care that all disposable plastic
labware is checked for sulfate and phosphate contamination and that all reusable laboratory

apparatus

is thoroughly clean before use.

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 Gl3
before use

Alternativg
a laboratoy

7.2.3 On|
ISO 1042.

7.2.4 PI4
— Screw
Beake
Dispo

Dispo

7.2.5 Pis
requireme
requireme
solutions, ¢

7.2.6 Ultrasonic bath, preferably with a timer, suitable for use in the ultrasonic extraction met]

for sulfurig

7.2.7 lon
that come
materials,

Pump

le-mark volumetric flasks, of capacities up to 2 1, conforming to she requirement

Autosampler vials, of appropriate capacity.

with water (6.1).

ly, the glassware may be cleaned with a suitable phosphate-free laboratory detergént u
y washing machine and afterwards rinsed thoroughly with water (6.1).

sticlabware:

-cap polyethylene vessels proper for the extraction of ¢ollected sample filters.

rs, of appropriate capacity.

s5able membrane filters, of PTFE, of pore size 0,45 pm, for use in ion chromatography.

sable syringes, of appropriate capacity, appropriate needles.

ton-operated volumetric instruments, of capacities of 50 pl to 10 ml, conforming to
hts of ISO 8655-1, and tested in(accordance with ISO 8655-6; pipettors, conforming to
hts of ISO 8655-2, as an alternative to one-mark pipettes for the preparation of stand
alibration solutions and dilution of samples.

acid or phosphoriéacid.

nto contactwith the sample solution or eluent shall, as far as possible, be comprised of i
b.g. polyetheretherketone (PEEK).

capable of delivering a constant flow within the range 0,1 ml/min to 5 ml at a pressur

15 MP

ssware, made of borosilicate glass 3.3, conforming to the requirements of ISO 3585, cleaned

bing

5 of

the
the
ard

hod

chromatogtraph, having the following listed components inclusive. Components and tulhing

hert

e of

h t0’150 MPa.

Eluent generation system, for producing an eluent suitable for use with the selected separator

column, as an alternative to use of a manually prepared eluent (see, for example, Reference [23]).

loop, for injecting the sample solution into the eluent stream.

for res

olving sulfates and phosphates from other inorganic anions.

chromatography, suitable for use with the separator column.

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

© IS0 2022 - All rights rese

Sample injection system, comprising a low dead-volume, non-metallic valve fitted with a sample

Guard and separator column, packed with high capacity pellicular anion exchange resin, suitable

Suppressor module (chemically suppressed or electronically suppressed) for ion
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8 Occupational exposure assessment

Refer to relevant international, European or national standards (e.g. 1SO 20581[3], EN 689[10]
ASTM E1370[8]) for guidance on how to develop an appropriate assessment strategy and for general
guidance on measurement strategy.

9 Sampling

9.1 Preliminary considerations

9.1{1 Selection and use of samplers

Seldgct samplers (7.1.1) according to the requirements of the applicable limit valu€. Size selective
sanjplers shall be designed to collect the appropriate fraction of airborne particles as|defined in
[SO[7708 and tested in accordance with EN 13205.

If ppssible, the samplers selected should be manufactured from conducting material, since samplers
manufactured in non-conducting material have electrostatic properties that can| influence
representative sampling.

If the samplers selected have an internal filter cassette or cartridgethat has to be rinsed duifing sample
preparation (see 9.5.2 and 10.1.3), this cassette shall be mardufactured from a material that does not
reaft with acids.

Use| the samplers at their design flow rate and in accordance with the instructions provided by the
mafufacturer. See PD CEN/TR 1523012] for further gunidance.

9.12 Sampling period

Selgct a sampling period that is appropriate-for the measurement task (see Clause 8), but enpure that it
is lgng enough to enable sulfuric acid oFphosphoric acid to be determined with acceptable yncertainty
at levels of industrial hygiene significance. When high concentrations of airborne pafrticles are
antjcipated, select a sampling period-that is not so long as to risk overloading the filter with particulate
mafter. For example, estimate thesminimum sampling time, ¢_;,, in minutes, required to ensyre that the
amg@unt collected is above the lower limit of the working range of the analytical method when sulfuric
acid or phosphoric acid is present in the test atmosphere at a concentration of 0,1 times its |imit value,

using Formula (1):

—

— Mower (1)
qy X0 X pry

tmin
whére

Mjgwer 1S the lower limit, in micrograms, of the analytical range;

qy is design flow rate, in litres per minute, of the sampler;
PLv is the limit value, in milligrams per cubic metre.

If the minimum sampling time is not short 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.

9.1.3 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 (7.1.4) 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.

©1S0 2022 - All rights reserved 7


https://standardsiso.com/api/?name=4afd019fa0f4792698c9aa5ae02490ea

1SO 21438-1:2022(E)

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, 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
Clause A.1 for a constant pressure drop, variable area flowmeter.

Consider whether it is necessary to recalculate the concentration of sulfuric acid or phosphoric acid in
air to reference conditions (see ISO 8756M). 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 the formula

given in Cl

The concer
conditions
occupation
concentrat

9.14 Sa

To minimi
concentratj

9.1.5 Sa

Sulfuric ac
processing
batteries).
sulfur diox
acid is wid
cements, a
flame reta
pentoxide

address th

huse A.2 to apply the necessary correction.

tration of sulfuric acid or phosphoric acid in air is generally stated for actual envirenme
(temperature, pressure) at the workplace. If the concentration is to be compared Vv
al exposure limit values that are referenced at normal temperature and pressure, then
ion should be stated at normal temperature and pressure.

mple handling

ze the risk of damage or contamination, only handle filters¢inva clean area where
ion of sulfuric acid and phosphoric acid in air is minimal and using PTFE tweezers.

mpling interferences

d is widely used in industry (e.g. in the extraction of rock phosphates and other ores, in m
in electroplating, for sulfonation, as a componentof nitrating acids, as a desiccant, in
At many workplaces, not only sulfuric acid is present; sulfates or other sulfur compounds
ide, or sulfur trioxide and dithiocarbonic agid derivatives) can occur. Similarly, phosph
ely used in industry (e.g. in the production of phosphate fertilisers, phosphates, porce|
5 a polymerisation catalyst, in metal processing, as an etching agent in the productio
‘dants). At many workplaces, not only-phosphoric acid is present; phosphates, diphosphd
br other phosphorus compounds_(e:g! metaphosphates) can also be evident. Consider hoy
e problem of possible interferences before commencing with sampling; see the following
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If resullts are required for compatison with a limit value for sulfuric acid and/or phosphoric 3
and it Is expected that sulfatesorphosphates are present in the test atmosphere, correct result
the frge acid content by coltecting and analysing a sample from the emission source, e.g. pick|
bath s¢lution (see 12.6).

and
ore,
pric
[ion

If resylts are required for comparison with separate limit values for phosphoric acid
diphogphorus pentexide, itis not possible to distinguish between the two chemical agents. Theref
if both|substances could be present in the test atmosphere (see 12.6), report results as phosph
acid and add-a-note to the test report to the effect that the reported phosphoric acid concentra
include¢s any(diphosphorus pentoxide.

NOTE inds

exist as gases or vapours and do not interfere with the sampling method.

9.2 Preparation for sampling

9.2.1 C(leaning of samplers

Clean the samplers (7.1.1) before use. Dismantle the samplers, soak in detergent solution, rinse
thoroughly with water (6.1), wipe with absorbent tissue and allow drying before reassembly.
Alternatively, use a laboratory washing machine.

NOTE Some samplers are single use and disposable and do not require cleaning before use.
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2 Loading the samplers with filters

Load clean samplers (see 9.2.1) with suitable collecting filters (7.1.2), label each sampler so that it can
be uniquely identified and seal with its protective cover or plug to prevent contamination.

NOTE

9.2.

Some samplers are pre-loaded with filters by the manufacturer.

3 Setting the volumetric flow rate

Perform the following in a clean area, where the concentration of sulfuric acid and phosphoric acid is
minimal.

Con
occ
flov
req
cov

If n
floy

9.2

Ret
min

trapsport to and from the sampling position, but draw n¢-air through the filters.

9.3

9.3

Pos
pra
tha

Giv
bet

med
the

9.3

If s
san
heig

nect each loaded sampler to a sampling pump using flexible tubing, ensuring that) nd
ir. Remove the protective cover or plug from each sampler, switch on the samplingpump
Umeter to the sampler so that it measures the flow through the sampler inlet oxifice(s)
lired volumetric flow rate. Switch off the sampling pump and seal the samplef with its
br or plug to prevent contamination during transport to the sampling position.

bcessary, allow the sampling pump operating conditions to stabilize before setting the
y rate.

4 Field blanks

hin, as field blanks, one unused loaded sampler from¢eaeh batch of ten prepared, s
imum of three. Treat these in the same manner as those used for sampling in respect of §

Sampling position

1 Personal sampling

tion the sampler in the worker’s breathing zone, as close to the mouth and nose as is

causes minimum inconvenience(e.g. to a belt around the waist, placed it in a convenient

e consideration to whethér)the nature of the process is likely to result in a significant
veen the actual exposure of the worker and the concentration of sulfuric acid or phos
isured by a sampler tnounted on the lapel. If this is the case, make special arrangement]
sampler as close aspossible to the worker’s nose and mouth.

2  Static sampling

fatic sampling is carried out to assess the exposure of a worker in a situation wher
plingiis'not possible, position the sampler in the immediate vicinity of the worker and a
rht. If in doubt, take the sampling position to be the point where the risk of exposure is

to he greatest

leaks can
attach the
hnd set the
protective

volumetric

ibject to a
torage and

Feasonably

Cticable (e.g. fastened to the worker’s lapel). Attach the sampling pump to the worker i a manner

pocket).

difference
bhoric acid
s to mount

e personal
f breathing
considered

If static sampling is carried out to characterize the background level of sulfuric acid or phosphoric acid
in the workplace, select a sampling position that is sufficiently remote from the work processes, such
that results will not be directly affected by sulfuric acid or phosphoric acid 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. Measure
the atmospheric temperature and pressure at the start of the sampling period (see 9.1.3) using the
thermometer and barometer, and record the measured values.
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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), it is possible the volumetric flow rate will change and need to be readjusted 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 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 the flowmeter, and record the measured value. Measure the atmospheric temperature and
pressure at the end of the sampling period (see 9.1.3) using the thermometer and barometer, and record
the measured-ratues:

9.4.3 Carefully record the sample identity and all relevant sampling data (see Clause 13)-Calcullate
the mean volumetric flow rate by averaging the volumetric flow rates at the start and at thé €nd of|the
sampling geriod and calculate the mean atmospheric temperature and pressure (see 9123). Calcullate
the volumg, in litres, of air sampled at atmospheric temperature and pressure by multiplying the mean
flow rate, ip litres per minute, by the duration, in minutes, of the sampling period.

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

If the post{sampling flow rate differs by more than 5 % from the pre?sampling flow rate, the sample
should eitHer be considered invalid, or flagged with calculation of concentrations using both flow fate
values and| consideration of both values. However, samplers of selective size fractions are requirefl to
operate within a +5 % range of a nominal flow rate so the sample shall be considered invalid sinfe a
pre- to posft-sampling deviation of greater than +5 % will bé.outside of the allowed range.

9.5 Tranpsportation

9.5.1 Samplers that collect airborne particles on the filter

For sampldrs that collect airborne particles-on the filter (see NOTE 2 to 7.1.1), remove the filter ffom
each sampler, place in a labelled filter\transport cassette (7.1.5) and close with a lid. Alternatiyely,
transport gamples to the laboratory in the samplers in which they were collected. Sulfuric acid and
phosphori¢ acid are strong acids. Take particular care to prevent the collected sample from coming |nto
contact with the walls of the transport container.

When usinfg quartz fibre filters, place the filter in a screw-cap polyethylene vessel immediately affter
sampling ysing clean PTEE tweezers, accurately pipette 4,0 ml of extraction solution into the vegsel,
close with p plastic cap,and shake gently.

9.5.2 Samplerswith an internal filter cassette

For samplegrsiwith an internal filter cassette (see NOTE 2 to 7.1.1), except when using quartz fibre filters
(see 9.5.1), remove the filter cassette from each sampler and fasten with its lid or transport clip.

9.5.3 Samplers of the disposable cassette type

For samplers of the disposable cassette type, transport the samples to the laboratory in the samplers in
which they were collected.

In the cases described in 9.5.2 and 9.5.3 when using quartz fibre filters, place the filter in a screw-cap
polyethylene vessel immediately after sampling using clean PTFE tweezers, rinse the internal surfaces
of the filter cassette into the sample vessel with 4,0 ml of extraction solution, close with a plastic cap
and shake gently.
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It is possible to carry out the extraction in the samplers described in 9.5.2 and 9.5.3 if they are of
sufficient capacity and are watertight when the sample inlet and outlet orifices are sealed with their
protective plugs. In this case, the extraction solution should be added to the sampler via the air inlet
orifice, the sample inlet and outlet orifices should be sealed with their protective plugs and the sampler
should be maintained in an upright position during transportation.

NOTE Anecdotal evidencell2 suggests that it is necessary to extract sulfate from quartz fibre filters
immediately after sampling to achieve quantitative recovery of sulfuric acid.

9.5.4 Transport of samples to the laboratory

Trapsport the samples (see 9.5.1 to 9.5.3) to the laboratory in a container which has beendesigned to
preyent damage to the samples in transit, and which has been labelled to ensure properhangling.

Ensjure that the documentation which accompanies the samples is suitable for a “chain of custtody” to be
estgblished (see, for example, ASTM D4840l[6l).

10|Analysis

CAUTION — Use suitable personal protective equipment (including gloves, face shield or safety
glasses, etc.) while carrying out the analysis.

10.1 Preparation of test, calibration solutions and filter samples

10.1.1 General

The eluent of the used separation column can bg used as an extraction solution and to prepare test
solytions for determination of sulfuric acid or phosphoric acid.

10.1.2 Quartz fibre filters

Swilrl each screw-cap polyethylene yessel or sampling cassette (see 9.5.3) to mix the contentss, ensuring
that the filter remains completely immersed. Agitate for 15 min in an ultrasonic bath and then allow the
immersed filters to sit for 1 h at feom temperature, swirling or agitating occasionally.

If the extraction is to be arried out in a sampler of the disposable cassette type (see|[9.5.3), the
profective plug should bée removed from the sample inlet orifice and the sampler should be fnaintained
in gn upright position*while in the ultrasonic bath to avoid spillage and contamination of fhe sample
solytion.

Filter each sample solution through a membrane filter (7.2.4) using a disposable syringe, [dispensing
each filtratedinto an individual, labelled, autosampler vial.

10.1.3"PVC and PTFE filters

Open the filter transport cassettes, sampler filter cassettes or samplers (see 9.5) and transfer each
filter into an individual, labelled 50 ml beaker using clean PTFE tweezers, ensuring that the side of the
filter on which the sample was collected is facing upwards. A disposable tube can also be used for the
extraction, ensuring that the filter is immersed when the extraction solution is added. Follow the same
procedure for the blank filters (see 9.2.4).

It is possible to carry out the extraction in samplers of the disposable cassette type if they are of
sufficient capacity and are watertight when the sample outlet orifice is sealed with its protective plug.
In this case, the extraction solution should be added to the sampler via the air inlet orifice and the
samplers should be maintained in an upright position while in the ultrasonic bath to avoid spillage and
contamination of the sample solutions.
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Accurately pipette 4,0 ml of extraction solution into each beaker or disposable tube. If the sampler used
was of a type in which airborne particles deposited on the internal surfaces of the sampler form part of
the sample (see NOTE 2 to 7.1.1), use the extraction solution to wash carefully any particulate material
adhering to the internal surfaces of the sampler into the beaker. In the case of PTFE filters, add 0,1 ml of
ethanol because of their hydrophobic nature.

Swirl gently to mix the contents, ensuring that the filter remains completely immersed. Agitate for
15 min in an ultrasonic bath and then allow the immersed filters to sit for 1 h at room temperature,
swirling or agitating occasionally.

Filter each sample solution through a membrane filter (7.2.4), e.g. by using a disposable syringe,
dispensing each filtrate into an individual, labelled, autosampler vial.

10.1.4 Preparation of calibration solutions

A multi-pdint (the number of points to be consistent with the quality system of-the laboratgry)
calibration| shall be constructed within the linear range of the analytical method te-cover a prqper
concentratjion range of sulfate and phosphate. Accurately pipette appropriate velumes of sulfate pnd
phosphate|working standard solution (6.6) into individual, labelled one-mark yolumetric flasks, dijute
to the mark with water (6.1) or eluent (6.5), stopper and mix thoroughly. Prepare these calibration
solutions fresh daily.

10.2 Instrumental analysis

Inject the ¢alibration solutions (see 10.1.4) into the ion chromategraphy system in order of increaging
concentration and measure the conductivity of the sulfurie acid or phosphoric acid peak for dach
calibration| solution, in peak area mode.

Use the indtrument’s computer to generate a calibration function using a linear regression. Repeat|the
calibration|if the coefficient of determination r? < 0,999.

NOTE1 Ifrz <0999, itis possible that the removal of an erroneous calibration point and reprocessing of the
data will yi¢ld an acceptable calibration.

Inject the |aboratory blank solutions (see.10.4.1) and the blank and sample test solutions (see 1)0.1)
into the ioh chromatography system-and make conductivity measurements for each solution. Use[the
stored calipration function to determine the concentration, in milligrams per litre, of sulfuric acidl or
phosphorig acid.

Analyse the calibration blank.solution and a mid-range calibration solution after the initial calibration
and then dJfter every 10est solutions. If the measured concentration of sulfate or phosphate in|the
continuing| calibration btahk (CCB) is above the method detection limit, as determined in 10.3.2, ¢r if
the measufed concentration of sulfate or phosphate in the continuing calibration verification (CCV)|has
changed by morethan +5 %, take one of the following corrective measures:

— use th¢ instrument software to correct for the sensitivity change (reslope facility);

— 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.

If the concentrations of sulfate or phosphate 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 (see 10.1) when making dilutions, so that the
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diluted test solutions and the calibration solutions are matrix-matched, and record the dilution factor,

fdilution'
NOTE 2  For samples expected to have very high concentrations of sulfate or phosphate, it can be necessary to
dilute the test solutions before they are first analysed.

10.

3 Estimation of detection and quantification limits

10.3.1 Estimation of the instrumental detection limits

Estimate
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ditions, following the described procedure, and repea cise whenever the ex

ditions are changed significantly.

E The instrumental detection limit is of use in identifying changes in instrument,performal
h method detection limit(20l, The instrumental detection limit is likely to be lower than the meth
k because it only takes into account the variability between individual instrumental readings; det
e on one solution do not take into consideration contributions to variability frontthe matrix or s

pare a test solution with sulfate and phosphate concentrations near-the anticipated in
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calculate the instrumental detection limits for sulfate and{phosphate as three times
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8.2 Estimation of the method detection limit and quantification limit

mate the method detection limit and quantification limit under the working
ditions following the procedure described in10.3.1 (which is based upon the approach
Reference [20]) and repeat this exercise *whenever the experimental conditions ap
ificantly.

Lify at least 10 filters (Z.1.2) with sulfate and phosphate near the anticipated method det¢
1,5 pg of sulfate or phosphate) by spiking each filter with 0,1 ml of a solution prepared
working standard solution thy-an appropriate factor. Make ion chromatographic meg
he test solutions derived-from each spiked filter, after carrying out extraction of the
ulate the method deteCtion limit and the quantification limit as three times and ten

ple standard deviation ef the mean concentration value, respectively.

E An alternative procedure for estimating the instrumental detection limit involves the ana

samples fortified with the analyte of interest at values spanning the predicted detection limit[20],

10.

10.

4 Quality) control

1.1 “Reagent blanks and laboratory blanks
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ection limits, by diluting the working standard solution by an appropriate factor. Make at least
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Fhe sample
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filters, and
times the
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Carry reagent blanks and laboratory blanks through the entire sample preparation and analytical
process to determine whether the samples are being contaminated from laboratory activities. Prepare
reagent blank solutions and laboratory blank solutions according to a frequency of at least one per
20 samples or a minimum 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
recur.
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10.4.2 Quality control solutions

Carry spiked samples and spiked duplicate samples throughout the entire sample preparation and
analytical process to estimate the method accuracy, expressed as a percentage recovery relative to the
true spiked value, on the sample batch. Spiked samples and spiked duplicate samples consist of filters to
which known amounts of sulfate and phosphate have been added. (This can be accomplished by spiking
with known volumes of sulfate and phosphate working standard solution at amounts within the linear
dynamic range of the instrument. The sulfate and phosphate working standard solution used shall be
prepared from sulfate and phosphate stock standard solutions from a different source than that used

for preparing the calibration solutions.) Process these quality control samples according to a frequency
of at least qne per 20 samples or minimum of one per hatch

Monitor the performance of the method by plotting control charts of the relative percentage recoveries
and of the tfelative percentage differences between the spiked samples and the spiked duplicate samples.
If quality cpntrol results indicate that the method is out of control, investigate the reasons‘for this, fake
corrective pction, and reanalyse the samples if necessary. See ASTM E882!Z for general guidance on|the
use of qualjity control charts.

10.4.3 Certified reference materials

Suitable CRMs for sulfuric acid or phosphoric acid shall be analysed prior to'toutine use of the method to
establish that the percentage recovery relative to the certified value issatisfactory. CRMs are available
from the Huropean Commission and National Institute for Standards)and Technology (NIST), among
other sourges.

10.4.4 External quality assessment

If laboratdries carry out sulfuric acid or phosphoric _acid in air analysis on a regular basis, {t is
recommenfed that they participate in a relevant extérnal quality assessment scheme or proficigncy
testing schieme, if such a scheme exists and they havé-access to it.

NOTE For information about existing proficieney testing schemes, refer, for example, to a database $uch
as the Eurdpean Information System on Proficiency Testing Schemes (EPTIS)[18] or a national accreditation
organizatiop.

10.5 Measurement uncertainty

It is recommended that laboratoties estimate and report the uncertainty of their measureménts
in accordance with ISO/IEG Guide 98-3:2008[4]. The first step is to construct a cause and effect
diagraml1q to identify the iidividual sources of random and systematic error in the method. These
are then ¢stimated and/or determined experimentally and combined in an uncertainty budget.
Finally, the combined~uncertainty is multiplied by an appropriate coverage factor to producq an
expanded fincertainty. A coverage factor of two is recommended, which gives a level of confidende of
approximately,959% in the calculated value.

NOTE 1 eferences [16] and [17] describe the application of cause and effect analysis to analytical methodls.

NOTE 2 Terms that contribute to the random variability of the method are generally accounted for in the
measurement precision, which can be determined from quality control data. Error associated with instrumental
drift can be estimated, assuming a rectangular probability distribution, by dividing the drift permitted before
the instrument is recalibrated (see 10.2) by V3.

NOTE 3  Systematic errors include those associated with method recovery, sample recovery, preparation of
working standard solutions, dilution of test solutions, etc.
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11 Expression of results

Calculate the mass concentration, p,4, in milligrams per cubic metre, of sulfuric acid or phosphoric
acid in the air samples at ambient conditions, using Formula (2):

_ (panion,l ><Vl X fdilution )_(panion,O ><VO )

Pacid = v conversion (2)
where

Panion.0 tsthemmear concentration, T mittigrams per titre; of sulfate orphosphate i the field
blank test solutions;

Panion.1 is the concentration, in milligrams per litre, of sulfate or phosphate inithe sgmple test
solution;

%4 is the volume, in litres, of the air sample;

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

4 is the volume, in millilitres, of the sample test solution;

fdilution is the dilution factor (for neat solutions fy;;,tiga51);

feonversion 1S the factor to convert from anion to acidssoncentration (fq,version = 1,021 for sulfate;
Seonversion = 1,0318 for phosphate).

12(Method performance

12.1 Sample collection and stability

Labjoratory testing with generated atmospheres of sulfuric acid mist yielded a collection efficiency
of >195 % over the range 0,5 mg m~3.tb 10 mg m=3 of sulfuric acid on 0,45 um pore-size PTFE filters[12],
and| > 95 % recovery of sulfurictacid or phosphoric acid was found four weeks after sample| collection.
On quartz fibre filters, 97 % t0~100 % recovery of sulfuric acid or phosphoric acid was found four weeks
aftdr sample collectionl13],

12.2 Quantification limits

The target valueSfor quantification limits depend on the applicable local limit value. In accorgance with
1S0{20581[3],_itiis preferred that limits of quantification are at least one-tenth or lower thap the mass
collected at.the limit value concentration in a sample volume associated with the applicabl¢ averaging
timp of theldimit value and the maximum flow rate of the method.

12.3-Yppertimits-of the-analytical range

The upper limit of the analytical range is governed by the maximum permissible loading of the sample
filter. It has been demonstrated[2] that no breakthrough occurs for quartz fibre filters at sample
loadings of up to 1 mg.

NOTE Anecdotal evidence suggests that breakthrough of phosphoric and sulfuric acids can occur for certain
filter types at high sample loadings.
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12.4 Bias

12.4.1 An

and precision

alytical 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[!2] to be in the
range 97 % to 100 % for both phosphoric acid and sulfuric acid.

12.4.2 Analytical precision

Cv

analysis’ !

3,2 % for phosphoric acid and 0,5 % to 2,6 % for sulfuric acid.

12.5 Unc

The expan
be <23 %
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etermined from the analysis of spiked filters, has been

found[13] t

ertainty of sampling and analysis method

ded uncertainty of the method, using a coverage factor of two, has'been estimated to
or both phosphoric acid and sulfuric acid.

rferences

bnts
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fous presence of sulfate and phosphate leads to blank values,being produced by the reagg
hent used in the method (chemicals, glassware). Therefore, the blank values of all chemi
hent have to be carefully checked.

e and phosphate are found ubiquitously in the environment. The procedure does not aflow
Lion between anions found ubiquitously and those due to the presence of the free afids
ce air (see 9.1.5). In work areas where nosdistinction can be made between sulfuri¢ or
acid aerosols and aerosols containing sulfate or phosphate, a sample also needs to be taken
5sion source (e.g. pickling bath solutien) in parallel with the air samples (see 9.1.5). Both

the free sylfuric or phosphoric acid and the total phosphate or sulfate content of the emission soyrce

sample shd

A correctid
source sanj

P
Pa

K=

where

Pacid

Panion

uld be determined[21].

n factor for air concentration, K; is calculated from the results of the analysis of the emisgion

ple, using Formula (3):

cid

(3)

hion

is the stlfuric or phosphoric acid concentration of the emission source sample, determiped

by acid-base titration;

is'the sulfate or phosphate concentration of the emission source sample (calculated as

sulfuric or phosphoric acid), determined by 1on chromatography.

Measurements of the mass concentration of sulfuric acid or phosphoric acid in the air samples are
then corrected by the factor calculated. Formula (4) yields the corrected concentration, p,ciq corp i
milligrams per cubic metre, of sulfuric or phosphoric acid in the air sample:

(4)

pacid,corr = pracid,det

where p, g 4et IS the determined concentration, in milligrams per cubic metre, of sulfuric or phosphoric
acid in the air sample (see Clause 11).

NOTE Diphosphorus pentoxide (P,05) reacts with water to form phosphoric acid, and the two substances
therefore cannot be differentiated.
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13 Test report

13.1 Testrecord

A comprehensive record of the test performed shall be maintained, including the following information:

a)
b)

h)

j)

k)
1)

a statement to indicate the confidentiality of the information supplied, if appropriate;

a complete identification of the air sample, including the date of sampling, the place of sampling,
the type of sample (personal or static), either the identity of the individual whose breathing

Zone Was Qamp]nd (nr ather pprcnnq] idpnfifipr) ar the location at which the gpnpr:ﬂ nrcupationa]

environment was sampled (for a static sample), a brief description of the work activitie
carried out during the sampling period, and a unique sample identification code;

a reference to this document, i.e. ISO 21438-1;

the make, type and diameter of filter used;

the make and type of sampler used;

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

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

5 that were

tion of the
meter was
flowmeter

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

sampling period;

the mean flow rate, in litres per minute, during the sampling period;

the mean atmospheric temperature and pressure during the sampling period, if apprdpriate (see

9.1.3);
the volume, in litres, of air sampled at ambient conditions;
the name of the person who"collected the sample;

the time-weighted average mass concentration, in milligrams per cubic metre, of sulfy
phosphoric acid féund in the air sample at ambient temperature and pressure, or, if a
adjusted to referénce conditions;

the analytical variables used to calculate the result, including the concentrations of
phosphadte‘in the sample and blank solutions, the volumes of the sample and blank sol
the dilution factor, if applicable;

fric acid or
bpropriate,

ulfate and
itions, and

br the above

NOTE Ifnecessary data (e.g. the volume of air sampled) are not avallable to the laboratoryf

\,Cll\,ulaLlUllb LU UC LalllCu UuL, LllC 1auu1 dLUl_y ICpuUl L cdall LUlchllll LllC allal_y Lll,al u:.)uu. lll llll

sulfuric acid or phosphoric acid per filter sample.

rograms of

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

the estimated instrumental detection limits, method detection limits and quantification limits
under the working analytical conditions; the measurement uncertainty determined in accordance

with ISO/IEC Guide 98-3:2008[4] and, if requested by the customer, quality control data;
any operation not specified in this document, or regarded as optional;
the name of the analyst(s) [or other unique identifier(s)];

the date of the analysis;
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t) anyinadvertent deviations, unusual occurrences, or other notable observations.

13.2 Laboratory report

The laboratory report shall contain all information required by the end user, regulatory authorities and
accreditation organizations.
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