INTERNATIONAL
STANDARD 1

ISO
7091

First edition
2013-09-15

Workplace air — Determinatio
of lithium hydroxide, sodium
hydroxide, potassium-hydroxid
and calcium dihydroxide — Met
by measurementof correspondi
cations by suppressed ion
chromatography

Air des lieux detravail — Détermination de la teneur en H
lithium, hydroxyde de sodium, hydroxyde de potassium et
de calcium — Méthode par mesurage des cations corresp
chromatoegraphie ionique

ydroxyde de
dihydroxyde
bndants par

-_— Reference number
= N— 1SO 17091:2013(E)

©1S0 2013


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

ISO 17091:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

ISO 17091:2013(E)

Contents Page
FFOT@WOTM ........cccccc e85 5858585 \%
IIUETOAUICEION........coc et vi
1 SCOPI ..o 1
2 NOTITNATIVE TEECI@INCES ..........ccccocovooveieissie st 1
3 Terms and defiNItiONS ... s

3.1 General definitions ...,

32 Partictesize fractiomrdefimitions

3.3 Sampling definitions........

3.4 Analytical definitions..

3.5 SEATISICAL TOTIIIS ..o e e
4 PIINCIPI@ ..ot ssssesssssseessssseesgpe ey s 7
5 REQUIT@IMEINIT ...t e St | 7
6 REAZEIILS ..o KT e e 8
7 APPATARUS ..o N e

7.1 Sampling equipment

7.2 LabOoratory @PParats ...y e e 10
8 Occupational eXpoSure aSSESSIMENL...................ooocvradherssiiosssnerssssssssssssssssssesssssssssssssessssssessf o 11

8.1 GENETAL ..o

8.2 Personal sampling...

8.3 SEATIC SAMIPIING s

8.4  Selection of measurement conditions*and measurement pattern ..o 12
9 SAMUPLIIIG ... e

9.1 Preliminary considerations.,

9.2 Preparation for sampling.C.:

9.3 Sampling position........(..5"

9.4 ColleCtion Of SAMPLES ..o

9.5 B0 T 0 070 i =L (0 BSOSO
10 ANALYSIS .. e

10.1 Preparation of'test and calibration solutions....

10.2  Instrumental analysis. ...

10.3 Estimation of detection and quantification limits...

10.4  QuAlLty CONLIOL...oooi e

10.5 Measurement UNCETTAINTY ... ..ot
11 EXPEESSION Of T@SULLS ..o e 21
12 Method PerfOrMANICE ... s

12.1  Sampling efficiency and sample storage

12.2  QUANEIICATION TIMIE oot

12.3  Upper limits of the WOTKING FAN@E ...

12.4 Bias and precision

12.5 Uncertainty of sampling and analysis method. ... 22

T2.6  INEEITOIEIICES ..o
13 Testreport.......

13.1 Testrecord....

13.2 Laboratory report
Annex A (informative) Temperature and presSsure COrreCtion ... 24
Annex B (normative) Filter Materials ...t 25
Annex C (informative) Sampler Wall d@POSIES...............eee e 26

© 1S0 2013 - All rights reserved iii


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

ISO 17091:2013(E)

BIDIHOGTAPIY ... 27

iv © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

ISO 17091:2013(E)

Foreword

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

The health of workers in many industries is at risk through exposure by inhalation of lithium hydroxide,
sodium hydroxide, potassium hydroxide, and calcium dihydroxide. 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 International Standard

has been pu

blished in order to make available a method for making valid exposure measurements for

lithium hydroxide, sodium hydroxide, potassium hydroxide, and calcium dihydroxide 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; industrial users of lithium hydroxide, sodium

hydroxide,

It has been g
the interpre

otassium nydroxide, and calcium dinydroxide and their workers; etc.

ssumed in the drafting of this International Standard that the execution of its proyision and
Fation of the results obtained are entrusted to appropriately qualified and experieneed pgople.

Vi
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Workplace air — Determination of lithium hydroxide,
sodium hydroxide, potassium hydroxide and calcium
dihydroxide — Method by measurement of corresponding
cations by suppressed ion chromatography
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[nternational Standard specifies a method for the determination of the time-weighted a
entration of lithium hydroxide (LiOH), sodium hydroxide (NaOH), potassium hydfoxidg
im dihydroxide [Ca(OH);] in workplace air by collection of the particulate-hydroxidg
inalysis of the corresponding cations using ion chromatography.

q

erosol sampling, the method is applicable to the personal sampling/of the inhalablg
rne particles, as defined in ISO 7708, and to static (area) sampling.

d

method is applicable to the determination of masses of 0,005 mg to at least 2,5 mg of
le and 0,01 mg to at least 5 mg of sodium, potassium, and.€alcium per sample.

Concentration range of particulate LiOH, NaOH, KOH, and Ca(OH)3 in air for which th
bdure is applicable is determined by the sampling method selected by the user. Fora 1 m
vorking range is approximately 0,002 mg m-3 tocat’least 20 mg m-3 for all four hydr
dir sample, the lower limit of the working range\is‘approximately 0,1 mg m-3 for all four]
procedure does not allow differentiation-between the hydroxides and their corresp
th are present in the air. If the cations.dre present alone in the form of hydroxides, tH
fic for these basic compounds. In other circumstances, the results obtained represent
bntration of the hydroxides that couild be present in the sampled air. (See 12.6.)

Normative references

following documents;~in-whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latestedition of the referenced document (including any amendments) appl

042, Laboratery glassware — One-mark volumetric flasks

708:1995,/Air quality — Particle size fraction definitions for health-related sampling

recoi

nmendations

655<1, Piston-operated volumetric apparatus — Part 1: Terminology, general requireme

verage mass

e (KOH), and
s on a filter

b fraction of

lithium per
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xides. For a
hydroxides.

bnding salts
e method is
the highest

ent and are
For undated
es.

nts and user

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

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

I1SO 13137:—1), Workplace atmospheres — Pumps for personal sampling of chemical and biological agents
— Requirements and test methods

EN 13205-1, Workplace atmospheres — Assessment of performance of instruments for measurement of
airborne particle concentrations — Part 1: General requirements

1

© ISO

To be published.

2013 - All rights reserved


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

IS0 17091

3 Terms

:2013(E)

and definitions

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

3.1 General definitions

3.11

breathing zone
<general definition> space around the worker’s face from which breath is taken

[SOURCE: EN 1540:2011, 2.4.5, modified]

3.1.2

breathing 7
<technical d
human face
through thij

Note 1 to ent
[SOURCE: EI
3.1.3

one

efinition> hemisphere (generally accepted to be 0,3 m in radius) extending in front g
centred on the midpoint of a line joining the ears; the base of the hemisphere is a |
line, the top of the head, and the larynx

Fy: The definition is not applicable when respiratory protective equipment{isjused.

N 1540:2011, 2.4.5, modified]

chemical agent

any chemic
produced, u
intentionall

[SOURCE: C

3.1.4
exposure (|
situation in

[SOURCE: EJ

3.1.5

occupation
limit value
limitofthet
zone of a wd

[SOURCE: C

EXAMPLE
values (IOELJY
limit values if

il element or compound, on its own or admixed, asiit occurs in the natural state
Ked, or released, including release as waste, by any work activity, whether or not prod
 and whether or not placed on the market

uncil Directive 98/24/EC, Art. 2(a)]

py inhalation)
which a chemical agent is present in(the air that is inhaled by a person

N 1540:2011, 2.4.1, modified]

al exposure limit value

me-weighted average of the concentration of a chemical agentin the air within the brea
rker in relatiop-to/a specified reference period

uncil Directive 98/24/EC, Art. 2(d)]

Threshold limit values® (TLVs) established by the ACGIH, [15] indicative occupational exposure
s) promulgated by the European Commission,[16] and national limit values. Information on na
available from the International Labour Organization (ILO)[1Z] and on the GESTIS database.[18]

f the
blane

br as
uced

thing

limit
ional

3.1.6
measuring

procedure

measurement procedure
set of operations, described specifically, used for the sampling and analysis of chemical agents in air

Note 1 to entry: A measuring procedure for the sampling and analysis of chemical agents in air usually includes
the following steps: preparation for sampling, sampling, transportation and storage, preparation of samples for

analysis, and

[SOURCE: IS

analysis.

O/IEC Guide 99:2007, modified]
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ating time

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

[SOU

RCE: ISO 13137:—, 3.12]

3.1.8
reference period
specified period of time for which the occupational exposure limit value of a chemical agent applies

3.2
3.2.1

inhallable convention

targg
[SOy
3.2.2

inhallable fraction

mass

Note
and @

[soy

3.2.3
total
all pz

Note

kplace
ignated area or areas in which the work activities are carried out

RCE: EN 1540:2011, 2.5.2]

Particle size fraction definitions

t specification for sampling instruments wlén the inhalable fraction is of interest

RCE: ISO 7708:1995]

fraction of total airborne patticles which is inhaled through the nose and mouth

1 to entry: The inhalable fraetion depends on the speed and direction of air movement, on b
ther factors.

RCE: I1SO 7708:19951

airborne particles
irticles strrounded by air in a given volume of air

1 to\entry: Because all measuring instruments are size-selective to some extent, it is often

r short-term

such as those

eathing rate,

mpossible to

meas

uréthe total airborne particles concentration.

[SOU

3.3

RCE: ISO 7708:1995]

Sampling definitions

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

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

[SOU

© ISO

RCE: EN 1540:2011, 3.2.1, modified]

2013 - All rights reserved


https://standardsiso.com/api/?name=13a43aa810079dfa6e340e7d687ca506

ISO 17091:2013(E)

3.3.2

personal sampler

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

[SOURCE: EN 1540:2011, 3.2.2]

3.3.3
personal sampling
process of sampling carried out using a personal sampler

[SOURCE: EN.1540:2011,3 3 3]

3.34
static sampler
area sampler

sampler, notfattached to a person, that collects gases, vapours, or airborne particles at a particular lochtion

[SOURCE: EN 1540:2011, 3.2.3]

3.3.5
static sampling

area sampling

process of ajr sampling carried out in a particular location

[SOURCE: EN 1540:2011, 3.3.4]

3.4 Analytical definitions

3.4.1

analysis
all operations carried out after sample preparation to determine the amount or concentration df the
analyte(s) of interest present in the sample

[SOURCE: EN 14902:2005, 3.1.1, modified]

3.4.2
blank solutjion
solution prepared by taking a reagent blank, laboratory blank, or field blank through the same procddure
used for sample dissolution

3.4.3
calibration(blank solution
calibration golutionprépared without the addition of any working standard solution

Note 1 to entty: Fhé concentrations of Li, Na, K and Ca in the calibration blank solution are taken to be zero

[SOURCE: EN-1#902:2605;3-1-3; modified]

3.4.4

calibration solution

solution prepared by dilution of the working standard solution, containing Li, Na, K, and Ca at
concentrations that are suitable for use in calibration of the analytical instrument

[SOURCE: EN 14902:2005, 3.1.3, modified]

3.4.5

field blank

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

4 © IS0 2013 - All rights reserved
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3.4.6
laboratory blank
unused filter, taken from the same batch used for sampling, that does not leave the laboratory

3.4.7
linear dynamic range
range of concentrations over which the calibration curve for Li, Na, K, or Ca is linear

Note 1 to entry: The linear dynamic range extends from the detection limit to the onset of calibration curvature.

3.4.8

reag
all rq
field

3.4.9
sam|]
proc
invol

[SOU

3.4.1
samj
all o

ent blank

agents used in sample dissolution, in the same quantities used for preparation of labor]
blank, and sample solutions

ple dissolution
bss of obtaining a solution containing Li, Na, K, and Ca from a samplepwhich might ¢
ve complete dissolution of the sample

RCE: EN 14902:2005, 3.1.25, modified]

0
ble preparation
pberations carried out on a sample, after transportatien*and storage, to prepare it

including transformation of the sample into a measurablestate, where necessary

[SOU

3.4.1
samj
soluf]

Note

RCE: EN 14902:2005, 3.1.24, modified]

1
ble solution
ion prepared from a sample by the process of sample dissolution

1 to entry: A sample solution might\need to be subjected to further operations, e.g. dilutio

prodiice a test solution that is ready for analysis.

[SOU
3.4.1

RCE: EN 14902:2005, 3.1.225modified]
2

stock standard solution
solution, used for preparation of the calibration solutions, containing Li, Na, K, or Ca a
concentration thatdstraceable to national standards

[SOURCE: EN 14902:2005, 3.1.26, modified]

3.4.13
test soltition
blank Selution or sample solution that has been subjected to all operations required to b

atory blank,

r might not

for analysis,

h, in order to

t a certified

ing it into a

state in which it is ready for analysis

Note 1 to entry: “Ready for analysis” includes any required dilution. If a blank solution or sample solution is not

subje

[SOU

ct to any further operations before analysis, it is a test solution.

RCE: EN 14902:2005, 3.1.30, modified]

3.4.14

working standard solution
solution, prepared by dilution of the stock standard solution, that contains Li, Na, K, and Ca at
concentrations that are better suited to preparation of calibration solutions than the concentrations of
Li, Na, K, or Ca in the stock standard solutions

[SOU

© ISO
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3.5 Statistical terms

3.5.1

analytical recovery
ratio of the mass of analyte measured in a sample to the known mass of analyte in that sample

Note 1 to entry: The analytical recovery is usually given as a percentage.

[SOURCE: EN 1540:2011, 5.1.1]

3.5.2
bias

difference b

Note 1 to en
systematic e
reflected by 4

Note 2 to ent
over an appr

instrument nhinus a true value of the corresponding input quantity”.

Note 3 to ent
Note 4 to ent
the accepted
a standard te

[SOURCE: IS
3.5.3

coverage factor

k
numerical f]
expanded u

Note 1 to ent
[SOURCE: IS
3.5.4

combined standard uncertairty

Uc

standard ur
number of (
variances oj
varies with

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

[ry: Bias is the total systematic error as contrasted to random error. There may becone or
‘ror components contributing to the bias. A larger systematic difference from the_ true va
| larger bias value.

ry: The bias of a measuring instrument is normally estimated by averaging the error of indig
priate number of repeated measurements. The error of indication is the “indication of a meas

Fy: In practice, the accepted reference value is substituted for the truevalue.

ry: In the case of measurement procedures for the sampling @nd-analysis of chemical agents
reference value can be, for example, the certified value of a-reference material, the concentrat
st atmosphere, or the target value of an interlaboratory comparison.

0 3534-2:2006, 3.3.2]

hctor used as a multiplier of the, combined standard uncertainty in order to obtaj
ncertainty

Fy: A coverage factor, k, is typically'in the range from 2 to 3.

0/1EC Guide 98-3:2008]

certainty of\the result of measurement when that result is obtained from the values
ther quantities, equal to the positive square root of a sum of terms, the terms bein
covariances of these other quantities weighted according to how the measurement r
Changes in these quantities

[SOURCE: IS

more
ue is

ation

uring

n air,
on of

n an

of a
b the
esult

HMEC Caida QO 2.90N0Q
TGO \oawe vy ~avavie;

3.5.5

1
oo c—> ]

7/

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

[SOURCE: IS

3.5.6
precision

0/1EC Guide 98-3:2008]

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

Note 1 to entry: Precision depends only on the distribution of random errors and does not relate to the true value

or the specifi

6

ed value.

© ISO 2013 - All rights reserved
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Note 2 to entry: The measure of precision is usually expressed in terms of imprecision and computed as a standard
deviation of the test results or measurement results. Less precision is reflected by a larger standard deviation.

Note 3 to entry: Quantitative measures of precision depend critically on the stipulated conditions. Repeatability
conditions and reproducibility conditions are particular.

[SOURCE: ISO 3534-2:2006, 3.3.4]

3.5.7

true value

value which characterizes a quantity or quantitative characteristic perfectly defined in the conditions
which exist when that quantity or quantitative characteristic is considered

Note [l to entry: The true value of a quantity or quantitative characteristic is a theoretical concept arld, in general,
canngt be known exactly.

[SOURCE: ISO 3534-2:2006, 3.2.5]

3.5.8
uncertainty (of measurement)
parameter associated with the result of a measurement that characterizes the dispersion ¢f the values
that fould reasonably be attributed to the measurand

Note [l to entry: The parameter may be, for example, a standard deviation (or a given multiple of it)| or the width
of a cpnfidence interval.

Note P to entry: Uncertainty of measurement comprises, in genferal, many components. Some of thes¢ components
may pe evaluated from the statistical distribution of theggesults of a series of measurements, and can be
chargcterized by standard deviations. The other compenents, which also can be characterized|by standard
devigtions, are evaluated from assumed probability distributions based on experience or other|information.
ISO/IEC Guide 98-3:2008I[4] refers to these different’cases as type A and type B evaluations of uncertainty,
respgctively.

[SOURCE: ISO/IEC Guide 99:2007, modified]

4 Principle

4.1 | A known volume of ai\is drawn through a filter mounted in an inhalable sampler (7.1{1) to collect
particulate LiOH, NaOH, KOH, and Ca(OH)>.

4.2 | The filter is €xtracted with water or eluent solution (see 6.3 and 10.1.1), without heating, to
solubilize the particulate hydroxides.

4.3 | Aliquoets of the sample solution are subjected to ion chromatography in order to separate the
extrdcted Ii, Na, K, and Ca from other cations. Following this separation, Li, Na, K, and Ca are measured
using acconductivity detector.

4.4 Analytical results are obtained by plotting the measured conductivity as a function of concentration.
They can be used for the assessment of occupational exposure to LiOH, NaOH, KOH, and Ca(OH); in air.

5 Requirement

The measuring procedure shall comply with any relevant International, European, or National Standard
that specifies performance requirements for procedures for measuring chemical agents in workplace
air (e.g. EN 482[9]).

© IS0 2013 - All rights reserved 7
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6 Reagents
During the analysis, use only reagents of recognized analytical grade and only water as specified in 6.1.

NOTE Na, K, and Ca are found ubiquitously in the environment, and their presence in reagents will lead to
high blank values. It is therefore advisable to check the blank values of all chemicals before use.

6.1 Water, from a purification system that delivers ultrapure water having a resistivity greater than
0,18 MQ'm (usually expressed by manufacturers of water purification systems as 18 MQ-cm).

6.2 Sulfuric acid (H2S04) solution, 2,5 mol I-1.

NOTE A commercial solution may be used or 2,5 mol I-1 sulfuric acid may be prepared from contentjrated
sulfuric acid.

6.3 Sulfuricacid (H2S04) solution, 0,004 5 mol 1-1, for use as eluent and for extractian,ef the sampling
filters (see 10.1.3).

Dilute 1,8 mfl of 2,5 mol I-1 sulfuric acid solution (6.2) into a 1 000 ml one-markwvotumetric flask (742.2),
dilute to the mark with water, stopper, and mix thoroughly.

6.4 Cartridge, for generation of eluent for chemically suppressed ion{chromatography, suitable for use
with the elugnt generation system (7.2.6.2).

6.5 Standard solutions

6.5.1 Litl;[um stock standard solution

Use a commpercial standard solution with a certified lithium concentration, e.g. 1 000 mg 1-1 pf Li,
traceable to|national standards. Observe the manufacturer’s expiration date or recommended shelff life.

6.5.2 Sodjum stock standard solution

Use a comnjercial standard solution with a certified sodium concentration, e.g. 1 000 mg 1-1 df Na,
traceable to|national standards. Observe the manufacturer’s expiration date or recommended shelf life.

6.5.3 Potassium stock standard solution

Use a comnjercial standai'd/solution with a certified potassium concentration, e.g. 1 000 mg I-1of K,
traceable to|national staridards. Observe the manufacturer’s expiration date or recommended shelf life.

6.5.4 Caldium stock standard solution

Use a comnjercial standard solution with a certified calcium concentration, e.g. 1 000 mg I-1 gf Ca,
traceable to national standards. Observe the manufacturer’s expiration date or recommended shelf life.

6.5.5 Cation working standard solution, 25 mg1-1 of Li, 50 mg 1-1 of Na, K, and Ca.

Accurately pipette appropriate volumes, e.g. 0,5 ml, of the Li stock standard solution (6.5.1) and 1,0 ml
of the of Na, K, and Ca stock standard solutions (6.5.2 to 6.5.4) into a 20 ml plastic one-mark volumetric
flask (7.2.3.1), dilute to the mark with water (6.1), stopper, and mix thoroughly. Prepare this solution
fresh monthly.

8 © IS0 2013 - All rights reserved
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7 Apparatus

7.1

Sampling equipment

7.1.1 Samplers, designed to collect the inhalable fraction of airborne particles, complying with
EN 13205-1, manufactured from a material that does not react with alkaline hydroxides.

NOTE 1

If samplers have an internal filter cassette, this too has to be manufactured from a mate

not react with the hydroxides.

NOTEZ2

rial that does

Materials which do not react with hydroxides from which samplers and internal filter cassettes can be

many
polys

7.1.2
less
from

NOTH
to hig

7.1.3
selec

7.1.4
9.1.1

The
whos
temp

It is
with

7.1.5

7.1.5
(7.1

7.1.5
samj

7.1.5

factured include polytetrafluoroethylene (PTFE) and other fluorinated polymers, polyvinylck
thylene, polypropylene, and polycarbonate.

Filters, of a diameter suitable for use with the samplers (7.1.1) with a collection effi
han 99,5 % for particles with a 0,3 pum diffusion diameter (see 2.2 of ISO 7#08:1995), m
a material that does not react with hydroxides, e.g. quartz fibre.

Na, K, and Ca are found ubiquitously in the environment and their.presence in filter matej
h blank values. It is therefore essential to check the blank values of each batch of filters used.

Sampling pumps, complying with the requirements of 1S0 13137 and capable of ma
ted flow rate (see 9.1.1.2) to within +5 % of the nominal valuethroughout the sampling periq

Flow meter, portable, with an accuracy that is sufficient to enable the volumetric fl
2) to be measured to within 5 %.

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

advisable that the flow meterused is capable of measuring the volumetric f
in +2 % or better.

Ancillary equipment

.1 Flexible tubing; of a diameter suitable for making a leak-proof connection from t
|) to the samplingpumps (7.1.3).

.2 Belts 'or harnesses, to which the sampling pump can conveniently be fixed |
ling (except where the sampling pumps are small enough to fit in workers’ pockets).

.3, Tweezers, manufactured from or tipped with PTFE, for loading and unloading

loride (PVC),

riency of not
anufactured

rials can lead

ntaining the
d(see9.1.2).

pw rate (see

flow meter
htmospheric

ow rate to

he samplers

or personal

r filters into

1014 2 12

Sam

1 (o290 |
ITIS (| L.4.2 AU IV 1.0.1 7.

7.1.5.4 Thermometer, 0 °C to 50 °C, graduated in divisions of 1 °C or better, for measurement of
atmospheric temperature, if required (see 9.1.3).

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

7.1.5.5 Barometer, suitable for measurement of atmospheric pressure, if required (see 9.1.3).
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7.2 Laboratory apparatus

Use ordinary laboratory apparatus, and the following.

NOTE 1

NOTE 2

It is preferable to use plastic labware rather than glassware.

Na,K,and Caarefoundubiquitouslyinthe environment. Thiscanleadto elevated blankssoitis especially

important to take great care that all disposable plastic labware is checked for Na, K, and Ca contamination and
that all reusable laboratory apparatus is thoroughly clean before use.

7.2.1 Disposable gloves, impermeable, to protect the hands from contact with toxic and corrosive

substances.

PVC gloves 4

7.2.2 Glag
and 1 000 ¢
complying W

Alternatively, the flasks may be cleaned using a laboratory washing machine’and afterwards ri

thoroughly

7.2.3 Pladtic labware

7.2.3.1 Oy
7.2.3.2 Sc
7.2.3.3 B¢
7.2.3.4 G

7.2.3.5 Fil
the sampler

7.2.3.6 Di

7.2.3.7 Di
with dispos:

7.2.3.8 Ay

re suitable.

sware, beakers and one-mark volumetric flasks, of suitable capacities, between 10

hl capacity, complying with the requirements of ISO 1042, made of boresilicate glass |(3.3

rith the requirements of [SO 3585, cleaned before used with water (6.1).

vith water.

je-mark volumetric flasks, of suitable capacities, between 10 ml and 1 L.
rew-cap polyethylene vessels, disposable, of a stiitable capacity, e.g. 10 ml.
akers, of a suitable capacity, e.g. 50 ml.

aduated centrifuge tubes, with caps, of a suitable capacity, e.g. 10 ml.

ter funnels, of a size suitahle\for use in transferring washings from the internal surfad
(7.1.1) into a tube.

sposable filters, PFFE; pore size 0,45 pm, for use in ion chromatography.

es of

Kposable syringes, of a suitable capacity, e.g. 2 ml or 5 ml, with luer lock connector, for use

ible filters (£2.3.6).

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

7.2.4 Pist

n“onoratoad valn atric inctrumantc ~cnnn hoa yraoriivrayannte AFICAN OLBE D

and

wing aanth +
ix UPDI (%35 "A%Y V\ll“lll\'bl IC IO UIIivIiivg, LUIAIIJIJ llls VVlLll CIIcC l\'\.olull CITICIICO \.Il TOU UUJJ

tested in accordance with ISO 8655-6, including pipettors, with capacities of 10 pl to 5 ml, complymg
with the requirements of ISO 8655-2, for the preparation of standard solutions, calibration solutions, and
dilution of samples.

7.2.5 Ultrasonic bath, preferably with a timer, suitable for use in the extraction of hydroxides.

7.2.6

Ion chromatograph, having the components listed in 7.2.6.1 to 7.2.6.9. Components and tubing

that come into contact with the sample solution or eluent shall, as far as possible, be comprised of inert
materials, e.g. poly ether ether ketone (PEEK).

7.2.6.1 Pump, capable of delivering a constant flow within the range 0,1 ml min-1 to 5 ml min-1 at a
pressure of 15 MPa to 150 MPa.

10
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7.2.6.2 Eluent generation system, for producing an eluent suitable for use with the selected separator
column (7.2.6.5 and e.g. Reference [20]).

7.2.6.3 Sample injection system, comprising of a low dead-volume, electronically controlled metallic
valve fitted with a sample loop having a volume of up to 500 pl, for injecting the sample solution into the
eluent stream.

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

7.2.4.5 Separator column

7.2.6.5.1 Separator column for chemically suppressed ion chromatography, packed with high-
capafity pellicular cation exchange resin, suitable for resolving Li, Na, K, and Ca frem. other cptions.

7.2.4.5.2 Separator column for non-suppressed ion chromatography, packed with hiigh-capacity
pelli¢ular cation exchange resin, suitable for resolving Li, Na, K, and Ca froim other cations.

7.2.4.6 Suppressor module for chemically suppressed ion chromatography, suitable [for use with
the separator column (7.2.6.5.1).

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

NOTH A conductivity detector can be used with beth’ chemically suppressed and non-suppressed ion
chromatography.

7.2.4.8 Recorder, integrator, or computer;-compatible with detector output, capable pf recording
dete¢tor response as a function of time, for the'purpose of measuring peak height or area.

The fise of an automated system is recommended.

7.2.4.9 Container, suitable for\use as a reservoir for storing eluent or water used for eluent
genefration (7.2.6.2).

7.2.7 pH meter

8 OQccupational exposure assessment

8.1 | General

This Internatlonal Standard pertalns to the taklng of personal and statlc samples Refer to relevant
3 1370,[Z] etc.)
for guldance on how to develop an approprlate assessment strategy and for general guidance on
measurement strategy.

8.2 Personal sampling

Exposure of workers to LiOH, NaOH, KOH, and Ca(OH); shall normally be determined by personal
sampling, since the concentration of LiOH, NaOH, KOH, and Ca(OH)7 in the breathing zone can be different
from the background level in the workplace.

© IS0 2013 - All rights reserved 11
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8.3 Static sampling

Static sampling may be carried out, if appropriate, to assess the exposure of workers in a situation where
personal sampling is not possible (see NOTE in 9.1.2.1 for an example of such a situation), to characterize
the background level of LiOH, NaOH, KOH, and Ca(OH)3 in the workplace in order to give an indication of
the efficiency of ventilation, or to provide information on the location and intensity of an emission source.

8.4 Selection of measurement conditions and measurement pattern

8.4.1 General

8.4.1.1 Sa
worker and
working con

8.4.1.2 TH
measuremel

8.4.2 Scre

Screening

provide]
identify
provide

estimat

8.4.3 Scrd
measuremé¢

8.4.3.1 Sc
relatively cr
problem exi
to determin

8.4.3.2 Sc
the initial st
during reprg
or worst cag

mpling shall be carried out in such a way as to cause the least possible interferencerwit]
the normal performance of the job, and to provide samples that are representatiye-of ndg
ditions and that are compatible with the analytical method.

e pattern of sampling shall take into consideration practical issues, such.as the nature g
ht task and the frequency and duration of particular work activities.

ening measurements of variation of concentration in time and/or space
easurements of variation of concentration in time and/or §pdce are used to
information on the likely pattern of concentration of chemical agents,
locations and periods of elevated exposure,

information on the location and intensity of emission sources, and

b the effectiveness of ventilation or other technical measures.

ening measurements of time-weighted average concentration and worst case
ents

reening measurements of time-weighted average concentration are performed to o
lde quantitative inform@ation on the exposure level in order to decide whether an exp
5ts at all and if so to appraise its possible seriousness. These measurements can also be
e if the exposure is well below or well above the limit value.

Feening measuréments of time-weighted average concentration are typically carried g
hges of a survey to assess the effectiveness of control measures. Sampling may be carrie
sentativework episodes to obtain clear information about the level and pattern of expg
e megsurements may be made.

NOTE S

h the
rmal

f the

btain
sure
used

ut in
d out
sure,

reening measurements of time-weighted average concentration made to identify clearly

work

episodes during which highest exposure occurs are typically referred to as ‘worst case measurements’.

8.4.4 Measurements near an emission source

Measurements may be performed near an emission source to provide information on the location
and intensity of the source. In association with other information, they can allow the elimination of a
suspected source as a significant contributor to exposure.

12
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8.4.5 Measurements for comparison with limit values and periodic measurements
8.4.5.1 Measurements for comparison with limit values

8.4.5.1.1 Measurements for comparison with limit values are performed to provide accurate and
reliable information on, or allow the prediction of, the time-weighted average concentration of a specific
chemical agent in the air that could be inhaled (see EN 482[2]).

8.4.5.1.2 For making measurements for comparison with a short-term exposure limit, the sampling
time shall be as close as possible to the reference period, which is typically 15 min.

8.4.3.1.3 For making measurements for comparison with a long-term exposure limit;samples shall be
collefted for the entire working period, if possible, or during a number of representative work episodes
(see P.1.2.1 for the minimum sampling time).

NOTH The best estimate of long-term exposure is obtained by taking samples for\the entire wdrking period,
but this is often not practicable (e.g. because of the possibility of overloading the-filter).

8.4.9.2 Periodic measurements
Perigdic measurements are used to determine whether exposure conditions have changed since

the theasurements for comparison with limit values were performed, or whether contrpl measures
remgdin effective.

9 S$ampling
9.1 | Preliminary considerations
9.1.1 Selection and use of samplers

9.1.1.1 Selectsamplers (7.1.1) designed to collect the inhalable fraction of airborne particlgs, as defined
in ISQ 7708:1995, manufactured\fitom a material that does not react with LiOH, NaOH, KOH, gnd Ca(OH)>.

If popsible, the samplers selécted should be manufactured from conducting material, since samplers

manyifactured from non=Conducting material have electrostatic properties that cap influence
representative sampling.

9.1.1.2 Use the-samplers at their design flow rate and in accordance with the instructions|provided by
the manufactiirer.

9.1.2 ~Sampling period

9.1.2.1 Select a sampling period that is appropriate for the measurement task (see 8.4), but ensure that
it is long enough to enable LiOH, NaOH, KOH, and Ca(OH)3 to be determined with acceptable uncertainty
(see 3.5.8) at levels of industrial hygiene significance. For example, estimate the minimum sampling time
required to ensure that the amount collected is above the lower limit of the working range of the analytical
method when LiOH, NaOH, KOH, and/or Ca(OH); are present in the test atmosphere at an appropriate
multiple of their limit values, using Formula (1).
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min

where

min

Miower

dv

:2013(E)

Miower
qy X Fx PLv

is the minimum sampling time, in minutes;

is the lower limit of the analytical range, in micrograms;

is the design flow rate of the sampler, in litres per minute;

M

PLv

NOTE If
measuremen

9.1.2.2 W
not so long 4

9.1.3 Tem

9.1.3.1 Ef

Refer to the
meter (7.1.4]
atmospherid
is likely to by
be greater {
and pressur
atmospherid

NOTE
A.1 for a cons

9.1.3.2 Expression ofresults

Consider wi
air to refere
pressure at {

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

is an appropriate multiple of the limit value (e.g. 0,1 times for an 8 h time-weighted ay
age limit value or 0,5 times for a short-term limit value);

is the limit value, in milligrams per cubic metre.

the minimum sampling time is not short enough for the method to be useful for the inte
L task, consider the possibility of using a sampler designed to be used at'ahigher flow rate.

nen high concentrations of airborne particles are anticipated;select a sampling period t
s to risk overloading the filter with particulate matter.

perature and pressure effects

fect of temperature and pressure on flow rate measurements

manufacturer’s instructions to determine if the indicated volumetric flow rate of the
is dependent upon temperature and pressure. Consider whether the difference betwee

e great enough to justify makingacorrection to take this into account, e.g. if the error

han +5 %. If a correction is, necessary, measure and record the atmospheric temper
b at which the calibration of'the flow meter was checked (7.1.4) and measure and recor
temperature and pressure«at the startand at the end of the sampling period (see 9.4.1 and §

tant pressure drop,wariable area flow meter.

lether it\is’necessary to recalculate the concentration of LiOH, NaOH, KOH, and Ca(OH
nce canditions (see ISO 8756[2]). If so, measure and record the atmospheric temperatur
he start and at the end of the sampling period (see 9.4.1 and 9.4.2) and use the formula §

Ver‘_

nded

hat is

flow
n the

temperature and pressure at the time of calibration of the flow meter and during sampling

rould
hture
d the
.4.2).

ren in

)2 in
e and
riven

inA.l.2toa

bply the necessary correction

NOTE

conditions (temperature and pressure) at the workplace.

9.1.4 Sample handling

The concentration of LiOH, NaOH, KOH, and Ca(OH); in air is generally stated for actual environmental

To minimize the risk of damage or contamination, only handle filters (7.1.2) in a clean area where the
concentration of Li, Na, K, and Ca compounds in air is as low as possible and only handle filters using
tweezers (7.1.5.3).
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Preparation for sampling

9.2.1 C(leaning of samplers

Clean the samplers (7.1.1) before use, unless disposable sampling cassettes are used. Disassemble the
samplers, rinse thoroughly with water, wipe with absorbent tissue, and allow to dry before reassembly.
Alternatively, use a laboratory washing machine.

9.2.2 Loading the samplers with filters

Loa

each clean sampler (see 9.2.1) with suitable filters (7.1.2), 1abel each sampler so th

at it can be

uniq

9.2.3
Perfd

Conr
ensu|
samj
samy
pum
to th

If ne
flow

9.2.4

Reta
threg
and f

9.3
9.3.1

9.3.1
reas(

iely identified, and seal with its protective cover or plug to prevent contamination.

Setting the volumetric flow rate
rm the following in a clean area, where the concentration of Li, Na, K, and £a compound

ect each loaded sampler (see 9.2.2) to a sampling pump (7.1.3) using flexible tub
ring that no leaks can occur. Remove the protective cover or plug ftem each sampler, s
ling pump, attach the flow meter (7.1.4) to the sampler so that:it'measures the flow
ler inlet orifice(s), and set the required volumetric flow rate (see 9.1.1.2). Switch off t

e sampling position.

Cessary, allow the sampling pump operating condition’s to stabilize before setting th¢
rate.

Field blanks

n as blanks one unused loaded sampler_ from each batch of 10 prepared, subject to a
. Treat these in the same manner as'those used for sampling in respect of storage and
rom the sampling position, but draw'no air through the filters.

Sampling position
Personal sampling

.1 Position thé-sampler in the worker’s breathing zone, as close to the mouth an
nably practiegble, e.g. fastened to the worker’s lapel. Attach the sampling pump to th

a manner that ¢auses minimum inconvenience, e.g. to a belt (7.1.5.2) around the waist, or

convy

9.3.1.

enient pocket.

5 is minimal.

ng (7.1.5.1),
vitch on the
through the
he sampling

b and seal the sampler with its protective cover or plug to prevent contamination duripg transport

b volumetric

minimum of
transport to

1 nose as is
e worker in
place it in a

differen

2- “Give consideration to whether the nature of the process is llkely to result in

h significant
OH, KOH, and

Ca(OH)2 measured by a sampler mounted on the lapel If thls is the case, make spec1a1 arrangements to
mount the sampler as close as possible to the worker’s nose and mouth.

9.3.2 Static sampling

9.3.2.1

If static sampling is carried out to assess the exposure of a worker in a situation wh

ere personal

sampling is not possible, position the sampler in the immediate vicinity of the worker and at breathing height.
Ifin doubt, take the sampling position to be the point where the risk of exposure is considered to be greatest.

9.3.2.2

If static sampling is carried out to characterize the background level of Li, Na, K, and Ca in the

workplace, select a sampling position that is sufficiently remote from the work processes, such that results
will not be directly affected by Li, Na, K, and Ca from emission sources.

© ISO
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9.4 Collection of samples

9.4.1 When ready to begin the sampling, remove the protective cover or plug from the sampler and
switch on the sampling pump. Record the time and volumetric flow rate at the start of the sampling
period. If the sampling pump is fitted with an integral timer, check that this is reset to zero. If appropriate
(see 9.1.3), measure the atmospheric temperature and pressure at the start of the sampling period using
the thermometer (7.1.5.4) and barometer (7.1.5.5), and record the measured values.

NOTE If the temperature or pressure at the sampling position is different from that where the volumetric flow
rate was set (see 9.2.3), the volumetric flow rate could change and it might need to be re-adjusted before the sampling.

9.4.2 At the end of the sampling period (see 9.1.2), record the time and calculate the duratiofig

sampling pej
consider thg
throughout

using the fl
atmospheri(
and barome

9.4.3 Cardg
the mean vd
sampling pe
Calculate th
the mean fld

9.5 Tranj

9.5.1 Sam

For samplerj
with its lid d

9.5.2 Sam

For sampler
which they

riod. Check the malfunction indicator and/or the reading on the integral timer, ifditted

sample to be invalid if there is evidence that the sampling pump was not operating pro
the sampling period. Measure the volumetric flow rate at the end of the sampling p
bw meter (7.1.4), and record the measured value. If appropriate (see 9:1.3), measur
temperature and pressure at the end of the sampling period using the thermometer (7.1
fer (7.1.5.5), and record the measured values.

fully record the sample identity and all relevant sampling data (see Reference [13]). Cald
lumetric flow rate by averaging the volumetric flow rates atthe start and at the end ¢
riod and, ifappropriate (see 9.1.3), calculate the mean atmgspheric temperature and preg

f the
, and
perly
briod
b the
.5.4)

ulate
f the
sure.

b volume of air sampled, in litres, at atmospheric temperature and pressure, by multiplying

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

plers with an internal filter cassette

s with an internal filter cassette, remove the filter cassette from each sampler and f:
r transport clip.

plers of the disposable cassette type

5 of the disposable cassette type, transport the samples to the laboratory in the samplg
vere collected.

9.5.3 Tranpsport of samples to the laboratory

9.53.1 Tr
to prevent d

1sten

rsin

hnsportthe samples (9.5.1 and 9.5.2) to the laboratory in a container which has been designed

amage to the samples in transit and which has been labelled to ensure proper handling

9.5.3.2 En

«

custody’ to be established (see, for example, ASTM D 4840I[8]).

10 Analysis

CAUTION

16

in of

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

1 Selection of sample preparation method

Decide whether to use water (6.1) or eluent (6.3) to prepare test solutions for determination of LiOH,
NaOH, KOH, and Ca(OH)3, depending on the analytical technique and separator column used. See e.g.
Reference [20] for further guidance.

10.1.

Prior_to opening filter transport cassettes or samplers, consider the possibility that particl

2 Action to be taken regarding sampler wall deposits

s may have

depo
may

10.1

10.1
screy
side
blanl

NOTH
suffid
case,
shoul
contg

10.1
If thd
samy
mate

0,1 npl of ethanol because of the hydrophobic nature of these filters.

10.1
Soni
temp

10.1
(7.2.]

10.1

Prep

sited on the interior walls of the cassette or sampler during the sampling event, and
be required to include such particles in the sample. Additional information is prowided

3 Preparation of test solutions

v cap vessels (7.2.3.2) or beakers (7.2.3.3 or 7.2.2) using clean tweezers (7.1.5.3), ensu
bf the filter on which the sample was collected is facing upwards.cFoltow the same procg
 filters (see 9.2.4).

It is possible to carry out the extraction in samplers ofythe disposable cassette type
ient capacity and are watertight when the sample outlet orifice is sealed with its protective
the extraction solution (see 10.1.3.2) should be added to the'sampler via the air inlet orifice and|
d be maintained in an upright position while in the ultrasonic bath (see 10.1.3.3) to avoid
mination of the sample solutions.

3.2 Accurately pipette 10,0 ml of water (6:1 or eluent (6.3) into each screw cap vess

sampler used was of a type in which airborne particles deposited on the internal su
ler form part of the sample (see C.2),"use the water or eluent to carefully wash any
rial adhering to the internal surfaceS of the sampler into the beaker. In the case of PTF

3.3 Swirl gently to mix/the contents, ensuring that the filter remains completely
fate for 15 min in an ultrasonic bath (7.2.5) and then allow the immersed filters to sit foj
erature, swirling or agitating occasionally.

3.4 Filter each~sample solution through a PTFE filter (7.2.3.6), e.g. by using a dispos
B.7), dispensifig-€ach filtrate into an individual, labelled, autosampler vial (7.2.3.8).

4 Preparation of calibration solutions

hre. a minimum of five calibration solutions to cover the required concentration ran

actions that
in Annex C.

3.1 Open each filter cassette or sampler (see 9.5) and transfer the filter into individual, labelled

ring that the
dure for the

f they are of
plug. In this
the samplers
spillage and

el or beaker.
-faces of the
r particulate
E filters, add

r immersed.
1 hatroom

able syringe

be, e.g. from

0,3

K and Co Accnivatrnlyy minmnttn

b ¥l 40 2 g 11 for Tiand N e o l-14+0 £ g l-1 forr No

To T TOO TG T TOT ot 9;0Trg T TOOTIrgT TOT VO, Iy, ot oo 1 rctorocCry prpteed

appropriate

volumes of cation working standard solution (6.5.5) into individual, labelled one-mark volumetric flasks
(7.2.3.1 or 7.2.2) or graduated centrifuge tubes (7.2.3.4), dilute to the mark with water (6.1), close, and
mix thoroughly. Prepare these calibration solutions fresh daily.

10.2

10.2.

10.2

10.2

© ISO

Instrumental analysis
1 Setting up the instrument
.1.1 Set up the ion chromatograph in accordance with manufacturer’s instructions.

.1.2 Install a sample loop that gives a suitable injection volume.
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10.2.1.3 Adjust the detector to measure to a suitable measuring range.

10.2.1.4 Adjust the flow rate of the eluent (6.4) to a value that is compatible with the columns used.

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

10.2.2 Analysis

10.2.2.1 Inject the calibration solutions (see 10.1.4) into the ion chromatography system in the order of

increasing c

ncentration and measure hyvdroxide peaks for each calibration solution in peak area mode.

10.2.2.2 Uy
Repeat the d

NOTE 1 If
obtain an acd

10.2.2.3 In
make measy
hydroxide c

10.2.2.4 Aq
and then aft
calibration

concentratiq
than +5 %, {
for the sensi
case, reanal]
occurred, o1

10.2.2.5 An
quality cont
method, as |

10.2.2.6 If
range, dilutg
an appropri
the calibrati

NOTE Fq
necessary to

e the instrument’s computer to generate a calibration function using a linear_regreq
alibration if the coefficient of determination, R2, is not > 0,999.

R2 < 0,999, it might be possible to remove an erroneous calibration point and reprocess the d
eptable calibration.

rements for each solution. Use the stored calibration function (sge.10.2.2.2) to determin
ncentrations in mg 1-1.

alyse the calibration blank and a mid-range calibrationsolution after the initial calibr

blank is above the method detection limit, as détermined in 10.3.2, or if the meas
n of Li, Na, K, and Ca in the continuing calibration verification has changed by

tivity change (reslope facility), or suspend analysis and recalibrate the instrument. In e
Ise the test solutions that were analysedyduring the period in which the sensitivity ch
if this is not possible, reprocess the data'to take account of the sensitivity change.

alyse reagent blank solutions.and laboratory blank solutions, as specified in 10.4.1
Fol solutions, as prescribed in'10.4.2.1, and use the results to monitor the performance ¢
rescribed in 10.4.2.2.

foncentrations of Li; Na, K, and Ca are found to be above the upper limit of linear calibr

the test solutions inrorder to bring them within the linear range and repeat the analysis
hte volume of eXtraction solution when making dilutions, so that the diluted test solution
pn solutions‘are matrix-matched, and record the dilution factor (DF).

r samplés‘expected to have very high concentrations of LiOH, NaOH, KOH, and Ca(OH)3, it mig
dilutethe test solutions before they are first analysed.

sion.

hta to

ect the blank and sample test solutions (see 10.1.3) into the ion chromatography system and

e the

htion

er every 10 test solutions. If the measured concentration of Li, Na, K, and Ca in the continuing

ured
more

ake one of the following corrective measures;Either use the instrument software to correct

ither
ange

and
fthe

ntion
Add
5 and

ht be

10.3 Estin
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10.3.1 Estimation of the instrumental detection limit

10.3.1.1 Estimate the instrumental detection limit under the working analytical conditions following
the procedure described in 10.3.1.2 and 10.3.1.3, and repeat this exercise whenever the experimental

conditions a

NOTE

re changed significantly.

The instrumental detection limit is of use in identifying changes in instrument performance, but it

is not a method detection limit (see Reference [21]). The instrumental detection limit is likely to be lower than
the method detection limit because it only takes into account the variability between individual instrumental
readings; determinations made on one solution do not take into consideration contributions to variability from
the matrix or sample.
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10.3.1.2 Prepare a test solution with hydroxide concentrations near the anticipated instrumental
detection limits by diluting the cation working standard solution (6.5.5) by an appropriate factor.

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

10.3.2 Estimation of the method detection limits and quantification limits

10.3.2.1 Estimate the method detection limits and quantification limits under the working analytical
conditions following the procedure described in 10.3.2.2 and 10.3.2.3 (which is based upon the approach

descfibed in Reference [22]), and repeat this exercise whenever the experimental conditions
significantly.

10.3
e.g. 1
workK
dissd

2.2 Fortify at least 10 filters (7.1.2) with Li, Na, K, and Ca near the anticipated dete
ug of each cation, by spiking each filter with 0,01 ml of a solution prepared-by dilutir
ing standard solution (6.5.5) by an appropriate factor. Prepare test solutions following
lution procedure used to prepare the sample test solutions (see 10.13).

10.3
(see
time

2.3 Make ion chromatographic measurements on the test solutions derived from each
10.3.2.2) and calculate the method detection limit and the Quantification limit as 3 t
5 the sample standard deviation of the mean concentrationvalue, respectively.

NOTH
samp

An alternative procedure for estimating the method detection limit involves the ana
les fortified with the analyte of interest at values spanning'the predicted detection limit (see Rej

10.4 Quality control

10.4{1 Laboratory blanks

Carr
sample preparation and analytical ptocess to determine whether the samples are being cc
from|laboratory activities. Process reagent blanks according to a frequency of at least 1 pet
or a minimum of one per batch-

10.4{2 Spiked samples and spiked duplicate samples
10.4
and

recoy

2.1 Carry spiked-samples and spiked duplicate samples throughout the entire sample
hnalytical proeess to estimate the method accuracy on the sample batch, expressed
rery relative’to the true spiked value. Spiked samples and spiked duplicate samples con

are changed

ction limits,
g the cation
r the sample

spiked filter
mes and 10

llysis of filter

ference [21]).

y reagent blanks (water and reageiits) and media blanks (unspiked filters) throughout the entire

ntaminated
20 samples

preparation
hs a percent
sist of filters
spiking with
range of the
rd solutions

nt. The working cation standard solution used shall be prepared from sto

hese quality
er batch.

control samples according to a frequency of at least 1 per 20 samples or a minimum of one p

10.4.2.2 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 reanalyse the samples if necessary. See ASTM E 882[6] for general guidance
on the use of quality control charts.

10.4.3 Certified reference materials (CRMs)

If available, suitable certified reference materials (CRMs) for Li, Na, K, and Ca shall be analysed prior
to routine use of the method to establish that the percent recovery relative to the certified value is
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satisfactory. CRMs are available from European Reference Materials (ERM), the Institute for Reference
Materials and Measurements (IRMM), and the National Institute for Standards and Technology (NIST).

10.4.4 External quality assessment

If the laboratory carries out the analysis of hydroxides in workplace air samples on a regular basis, it
is recommended that the laboratory participates in a relevant external quality assessment scheme or
proficiency testing scheme, if such a scheme exists and if the laboratory has access to it.

NOTE
to a national

10.5 Meas

It is strong
measureme
and effect d|
sampling af
estimated,
budget. The
to produce 3
confidence ¢

NOTE 1
3:2008l[4] and

NOTE2 E]
uncertainty H

NOTE3 Td
the measurer
drift can be

recalibration
with analytig

20

Tlhe application of cause and effect analysis to analytical methods is described in ISO/IEC Guid

accreditation organization.

Information about existing proficiency testing schemes, refer, for example, to the database EPTIS[23]or

urement uncertainty

rly recommended that the laboratory estimates and reports the uncertainty g
nts in accordance with ISO/IEC Guide 98-3:2008.[4] This entails first constriicting a ¢
liagraml3] to identify the individual sources of random and systematic,érror in the oy
d analytical method. The standard uncertainties associated with these errors are
etermined experimentally, or both, and combined in what is referred'to as an uncert
combined standard uncertainty is ultimately multiplied by an appropriate coverage f;
n expanded uncertainty. A coverage factor of 2 is ordinarily reéommended, giving a le)
f approximately 95 % in the calculated value.

in References [24] and [25].

N 13890[12] provides guidance on including the wficertainty associated with sampling i
udget.

rms that contribute to the random variability-of‘an analytical method are generally accounted
hent precision, which can be estimated from(guality control data. Error associated with instrumn
bstimated, assuming a rectangular probability distribution, by dividing the allowable drift b
by V3 (see 10.2.2.4). Systematic errors.6fan analytical method include, for example, those asso(
al recovery, preparation of working standard solutions, dilution of test solutions, etc.

f its
ause
erall
then
hinty
hctor
Vel of

e 98-

n the

for in
ental
efore
iated
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11 Expression of results

Calculate the mass concentration of LiOH, NaOH, KOH, and Ca(OH); in the air samples at ambient
conditions using Formula (2).

(pcation,l X V1 X f dilution ) - (pcation,O X V() )

Phydroxide = v X feonversion (2)
where
) is the mass concentration of LiOH, NaOH, KOH, and Ca(OH)3 in the air sample, in mil-

h I | il
Ty aroxrac

ligrams per cubic metre;

P cation,0 is the mean concentration of Li, Na, K, and Ca in the blank test solatiens, [in milli-
grams per litre;

Pcation 1 is the concentration of Li, Na, K, and Ca in the sample test solution, in milligrams per
litre;
4 is the volume, in litres, of the air sample;
V0 is the volume, in millilitres, of the blank test solution;
4] is the volume, in millilitres, of the sampletest solution;
dilution is the dilution factor Tation = 1 i the absence of dilution);
f the dilution factor ( fgiution =10 the ab f dilut

is the factor to convert from-cation to hydroxide concentration [3,45 for [LiOH, 1,73
for NaOH, 1,43 for KOH, and 1,85 for Ca(OH)3].

f conversion

12 Method performance

12.1Sampling efficiency-and sample storage

Labdratory testing with-filters spiked with LiOH, NaOH, KOH, and Ca(OH); yielded a recovgry of >95 %
after]{ four weeks sample storage. See Reference [19] for further information.

12.2 Quantification limit

TherTuantification limit of the method has been determined[19] to be 0,5 mg1-1 for Li and 1 mg -1 for Na,
K, ar{d Ca.For a sample solution volume of 10 ml and an air sample volume of 420 ], this is gquivalent to
0,041 mxg m-3 for LiOH and NaOH, 0,034 mg m-3 for KOH, and 0,044 mg m-3 for Ca(OH)>.

12.3 Upper limits of the working range

The upper limit of the analytical range is governed by the maximum permissible loading of the sample
filter. Ithas been demonstrated[19] that no breakthrough occurs for quartz fibre filters at sample loadings
of up to 1 mg.
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12.4 Bias and precision

12.4.1 Analytical 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[19] to be in the
range 100 % + 2 % for LiOH, NaOH, KOH, and Ca(OH)3.

12.4.2 Analytical precision

The compo
(analysis),
LiOH, 0,9 %

12.5 Unce

The expand
for particuld

12.6 Inter

Na, K, and (
other solubl
using the m
and sensitiy
than one hy
CO2 can be

selected be

results are 1

13 Test report

13.1 Test 1

A comprehe

a) astatement to indicate the.confidentiality of the information supplied, if appropriate;

etermined from spiked samples, has been found[19] to be in the range 0,7 % to 1,34
to 3,0 % for NaOH, 0,8 % to 1,9 % for KOH, and 1,4 % to 3,4 % for Ca(OH)3.

rtainty of sampling and analysis method

bd uncertainty of the method, using a coverage factor of 2, has been estimated[19] to be <
ite hydroxides.

ferences

a are ubiquitous in the environment and, if present in the’sampled air in high am

ethodology described in this International Standard.>However, there are also select
ity issues when measuring hydroxides by titrimetry. For example, mixed exposure to
roxide can occur and the presence of carbonates.and reaction of sampled hydroxides
confounding factors. The methodology described in this International Standard has
ause it gives worst case results, i.e. falsesp@sitive results are possible but false-neg
jot.

record

hsive record of the test performed shall be maintained, including the following informd

o for

22 %

ounts,
e Na, K, and Ca salts can significantly affect measurements of NaOH, KOH, and Ca(OH); lliade

ivity
more
with
been
ative

tion:

b) acomplete 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 zong was
sampled (or otherpersonal identifier) or the location at which the general occupational environment
was samplediffor a static sample), a very brief description of the work activities that were cafried
out during the sampling period, and a unique sample identification code;

c) areference to this International Standard;

d) the make, type, and diameter of filters used;

e) the make and type of sampler used;

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

g) 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);
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