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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmentar, 1 _laison with 1SU, also take part In the WOrk. 1SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting- Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting'a vote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 152023 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 2, Workpface
atmosphergs.

ISO 15202 [consists of the following parts, under the general title; Workplace air — Determination of metals
and metalldids in airborne particulate matter by inductively coupled plasma atomic emission spectrometry:.

— Part 1:{Sampling
— Part 2:(Sample preparation

— Part 3:|Analysis

iv © ISO 2004 — All rights reserved
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Introduction

The health of workers in many industries is at risk through exposure by inhalation to toxic metals and
metalloids. Industrial hygienists and other public health professionals need to determine the effectiveness of
measures taken to control workers' exposure and this is generally achieved by making workplace air
measurements. This part of ISO 15202 has been published in order to make available a method for making
vali ids i ase in inaustry. 1t will e of benefit
to: fagencies concerned with health and safety at work; industrial hygienists and other\ \pdblic health
profiessionals; analytical laboratories; industrial users of metals and metalloids and their workers, efc.

Thig part of ISO 15202 specifies a generic method for determination of the mass congentration off metals and
methlloids in workplace air using inductively coupled plasma atomic emission spegctrometry (ICP-AES) and
givgs requirements and test methods for analysis of sample solutions.

Parf 1 of ISO 15202 gives details of relevant international, European and. national standards which specify
chafacteristics, performance requirements and test methods relating ‘t0./sampling equipment] augments
guidance provided elsewhere on assessment strategy and measurement.strategy; and specifies 4 method for
collgcting samples of airborne particulate matter for subsequent chemical analysis.

Parf 2 of ISO 15202 describes a number of procedures for ‘preparing sample solutions for pnalysis by
ICPLAES.

It hgis been assumed in the drafting of this part of 1SO-15202 that the execution of its provisiagns and the
intefpretation of the results obtained are entrusted to.appropriately qualified and experienced people.

© 1SO 2004 - All rights reserved \
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Workplace air — Determination of metals and metalloids in
airborne particulate matter by inductively coupled plasma
atomic emission spectrometry —

Pn

rt 3:

Ar

1

Thig

jalysis

Scope

part of ISO 15202 specifies a procedure for the use of inductively-coupled plasma atom)

ic emission

speftrometry for analysing test solutions prepared as prescribed in 1SO 15202-2 from samples|of airborne
particulate matter collected as specified in ISO 15202-1. Method development, performance checks and a
routine analysis method are specified.

Thig part of ISO 15202 is applicable for the assessment of workplace exposure to metals and metalloids for
comlparison with limit values (see e.g. EN 689[1], ASTM E 1370[2], etc.).

The| following is a non-exclusive list of metals and\metalloids for which limit values have beg¢n set (see
Reference [3]), and for which one or more of the sample dissolution methods specified in ISO 15202-2 and
the fnalytical procedure described in this part ofASO 15202 are applicable. However, there is nofinformation
avallable on the effectiveness of any of thessample dissolution methods specified in ISO 15202;2 for those
elements in italics.

alurinium calcium magnesium selenium tungsten
antimony chromium manganese silver urahium
arsenic cobalt mercury sodium vanadium
barium copper molybdenum strontium yttrjum
beryllium hafnium nickel tantalum zing

bisrputh indium phosphorus tellurium zircpnium
borgn iron platinum thallium

caepium lead potassium tin

cadmium lithium rhodium titanium

NOTE ISO 15202 is not applicable to determination of elemental mercury, since mercury vapour is not collected

using the sampling method specified in ISO 15202-1.

The procedure is suitable for assessment of exposure against the long-term exposure limits for most of the
metals and metalloids listed above when sampling at a typical flow rate of 2 I-min~"for sampling times in the
range 30 min to 8 h and for assessment of exposure against the short-term exposure limits, where applicable
(see 10.4).

The procedure suffers from no significant spectral interferences (see 10.5), provided that suitable analytical
wavelengths are used. However, inaccurate background correction and/or inadequate matrix-matching can
adversely affect results.

© 1SO 2004 - All rights reserved
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (
ISO 648:19
ISO 1042:1
ISO 3585:1
ISO 3696:1

ISO 8655-1
recommend

ISO 8655-2
ISO 8655-5

ISO 8655-6
measurems

ISO 15202
inductively

ISO 15202
inductively
3 Term
For the pur

3.1

3.141

including any amendments) applies.
77, Laboratory glassware — One-mark pipettes
998, Laboratory glassware — One-mark volumetric flasks

998, Barosilicate glass 3.3 — Properfies

D87, Water for analytical laboratory use — Specification and test methods

Piston-operated volumetric apparatus — Part 1: Terminology, general requiremerts and
ations

Piston-operated volumetric apparatus — Part 2: Piston pipettes
Piston-operated volumetric apparatus — Part 5: Dispensers

Piston-operated volumetric apparatus — Part 6: Gravimetric methods for the determinatio
nt error

1:2000, Workplace air — Determination of metals and metalloids in airborne particulate matte
coupled plasma atomic emission spectrometry — Part 1:Sampling

P:2001, Workplace air — Determination of metals and metalloids in airborne particulate matte
coupled plasma atomic emission spectrometry =Part 2: Sample preparation
Is, definitions and abbreviated terms

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

General definitions

chemical agent

any chemic
any work ag

3.1.2
measuring
procedure
transportati

3.1.3

al element or compound, on its own or admixed, as it occurs in the natural state or as produce
tivity, whethefr)or'not produced intentionally and whether or not placed on the market

procedure
or.'sampling and analysing one or more chemical agents in the air and including storage

liser

n of

r by

r by

H by

and

pn-of the sample

time-weighted average concentration
TWA concentration
concentration of a chemical agent in the atmosphere, averaged over the reference period

NOTE
Government

3.14
limit value

Industrial Hygienists[3].

reference figure for concentration of a chemical agent in air

A more detailed discussion of TWA concentrations has been published by the American Conference of

© ISO 2004 — All rights reserved
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NOTE An example is the Threshold Limit Value® (TLV) for a given substance in workplace air, as established by the
ACGIHI3],

315
reference period
specified period of time stated for the limit value of a specific chemical agent

NOTE Examples of limit values for different reference periods are short-term and long-term exposure limits, such as
those established by the ACGIH!3!.

3.1.6
workplace
defined area or areas in which the work activities are carried out

[EN[1540(4]]

3.2 Analytical definitions

3.21
blank solution
soldtion prepared by taking a reagent blank, laboratory blank or field blank through the same progedure used
for gample dissolution

NOTE A blank solution might need to be subjected to further opérations, e.g. addition of an internal standard, if the
sample solutions are subjected to such operations in order to produce.test solutions that are ready for analysis.

3.2
calipration blank solution
calibration solution prepared without the addition of.any stock standard solution or working standargd solution

NOTE The concentration of the analyte(s) of interest in the calibration blank solution is taken to be zero.

3.23
calipration solution
soldtion prepared by dilution of the stock standard solution(s) or working standard solution(s), coptaining the
analyte(s) of interest at a concentration(s) suitable for use in calibration of the analytical instrument

NOTE The technique of matrix-matching is normally used when preparing calibration solutions.
3.2.51
field blank

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

3.2p
laboratory blank
d'filte

di

3.2.6
linear dynamic range
range of concentrations over which the calibration curve for an analyte is linear

NOTE The linear dynamic range extends from the detection limit to the onset of calibration curvature.

3.2.7

reagent blank

solution containing all reagents used in sample dissolution, in the same quantities used for preparation of
laboratory blank, field blank and sample solutions

© 1SO 2004 - All rights reserved 3
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3.2.8

sample dissolution
process of obtaining a solution containing all analytes of interest present in a sample, which might or might not
involve complete dissolution of the sample

3.29

sample preparation
all operations carried out on a sample after transportation and storage to prepare it for analysis, including

transformat

3.2.10

ion of the sample into a measurable state, where necessary

sample solution

solution pre

NOTE
standard, in

A

3.2.11

stock stan
solution us|
analyte(s) @

3.2.12
test solutig
blank soluti
which it is r

NOTE 1

NOTE 2 1
solutions are

3.2.13

pared from a sample by the process of sample dissolution

sample solution might need to be subjected to further operations, e.g. dilution and/or addition-of’an int
brder to produce a test solution that is ready for analysis.

Hard solution
ed for preparation of working standard solutions and/or calibration. ‘solutions, containing
f interest at a certified concentration(s) traceable to national standards

n
bn or sample solution that has been subjected to all operations required to bring it into a sta
pady for analysis

“Ready for analysis” includes dilution and/or the addition of@an’internal standard.

[he blank test solution is the blank solution and. the*sample test solution is the sample solution if t
not subjected to any further operations before analysis.

working standard solution

solution, pr
concentrati
in the stock

3.3 ICP-
3.31

axial plas
end-on pl
plasma that

3.3.2

epared by dilution of the stock standard solution(s), that contains the analyte(s) of interest

standard solution(s)

AES definitions

I'lLa
asma

is viewed end-on by the optical detection system

backgroungd‘correction

brnal

the

e in

nese

at a

bn(s) better suited to preparation of calibration solutions than the concentration(s) of the analyfe(s)

process of correcting the intensity at an analyfical wavelength for the intensity due to the underlying spectral
background

3.3.3
backgroun

d equivalent concentration

concentration of an analyte that results in an emission signal of an intensity equivalent to the background
emission signal at the analytical wavelength

3.34

corrosion-resistant sample introduction system
sample introduction system that features a nebulizer, spray chamber and torch injector tube that are resistant
to corrosion by hydrofluoric acid

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=ec64a455b7e0f6265ffe6c9c44c9420e

ISO 15202-3:2004(E)

3.35

excitation interference

matrix interference that manifests itself as a change in sensitivity due to a change in plasma conditions when
the matrix of a calibration or test solution is introduced into the plasma

3.3.6

ICP torch

device used to support and introduce sample into an ICP discharge

NOTE An ICP torch usually consists of three concentric tubes, the outer two usually made from quartz.
3.3.

inductively coupled plasma

ICP

high-temperature discharge generated in flowing argon by an alternating magnetic fieldyinduced|by a radio-
frequency (RF) load coil that surrounds the tube carrying the gas

3.3.

injector

cenfre tube
inngrmost tube of an ICP torch, through which the sample aerosol is introduced to the plasma

NOTE The injector is usually made of quartz or ceramic material.

3.3.
inner argon flow
nebulizer argon flow
ple argon flow
flow] of argon gas that is directed through the nebulizer and carries the sample aerosol through|the injector
and|into the plasma

NOTE The inner argon gas flow rate is typically 0,5 - min~' to 2,0 - min~".

3.3.110

intgr-element correction
intgrference correction
spegtral interference correction technique in which emission contributions from interfering elemerjts that emit
at the analyte wavelength are subtracted from the apparent analyte emission after measuring the interfering
element concentrations ‘at)other wavelengths

3.3./11

intgrmediate argon flow
auxjiliary argon'flow

flow of argon-gas that is contained between the intermediate and centre (injector) tubes of an ICP torch

NOTE The intermediate argon gas flow rate is typically 0 I-min~" to 2,0 I-min~".

3.3.12

internal standard

reference element

non-analyte element, present in all solutions analysed, the signal from which is used to correct for matrix
interferences or improve analytical precision

3.3.13

internal standardization

reference element technique

technique that uses the signal from an internal standard to correct for matrix interferences

© 1SO 2004 - All rights reserved 5


https://standardsiso.com/api/?name=ec64a455b7e0f6265ffe6c9c44c9420e

ISO 15202-3:2004(E)

3.3.14
load coil

length of tubing wound around the end of an ICP torch and connected to the radio-frequency (RF) generator,
used to inductively couple energy from the RF generator to the plasma discharge

3.3.15

matrix interference
matrix effect
non-spectral interference
interference of a non-spectral nature caused by a difference between the matrix of the calibration and test

solutions

3.3.16

matrix-matching
technique Used to minimize the effect of matrix interferences on analytical results, involving the preparatio
calibration $olutions in which the concentrations of acids and other major solutes are matched with thos
the test solditions

3.3.17
nebulizer
device useq

3.3.18

outer argo
plasma ard
coolant arg
flow of argg
NOTE 1
3.3.19

pneumatic
nebulizer th

3.3.20
radial plas
plasma that

3.3.21

spray chan
device, pla
according t
pumped to

3.3.22
spectral in

to create an aerosol from a liquid

h flow

on flow

on flow

n gas that is contained between the outer and intermediate tubes of an ICP torch

'he outer argon flow is typically 7 I-min~" to 15 - min~1.

nebulizer
at uses high-speed gas flows to create-an aerosol from a liquid

ma
is viewed from the side by the optical detection system

hber
ced between a_ nebulizer and an ICP torch, whose function is to separate out aerosol droj
b their size, so that only very fine droplets pass into the plasma and large droplets are draine]
vaste

erference

n of
e in

lets
d or

interferencs

caused by the emission from a species other than the analyte of interest

3.3.23

transport interference
transport effect

matrix interference caused by a difference in viscosity, surface tension or density between the calibration and
test solutions that produces a change in nebulizer efficiency and hence in the amount of analyte reaching the

plasma

NOTE
between the

calibration and the test solutions.

A transport interference can be due to a difference in dissolved solids, type and concentration of acid, etc.,

© ISO 2004 — All rights reserved
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3.3.24

ultrasonic nebulizer

nebulizer in which the aerosol is created by flowing a liquid across a surface that is oscillating at an ultrasonic
frequency

3.3.25

viewing height

observation height

(radial plasma) position in a radial plasma from where the emission measured originates

NOTE The viewing height is generally given as the distance, in millimetres, above the load coil.
3.3.6
x-y centring

(axigl plasma) horizontal and vertical adjustment of an axial plasma to establish optimum,viewing conditions,
such that only emission from the central channel of the plasma is measured

3.4| Statistical terms

3.4.q
analytical recovery
ratig of the mass of analyte measured when a sample is analysed to,the-known mass of analyte in that sample,
expfessed as a percentage

3.4p
bias
congistent deviation of the results of a measurementOprocess from the true value of the| air quality
chafacteristic itself

NOTE Adapted from ISO 6879151,

348
overall uncertainty
(of @ measuring procedure or of an instfument) quantity used to characterize as a whole the uncertainty of a
resylt given by an apparatus or measuring procedure.

NOTE The overall uncertainty~is calculated based on a combination of bias and precision, usually in acqordance with
Equation (1) and is expressed-as-a percentage:

x—xref|+2s

x100 (1

Y ref
whele

X is the mean value of results of a number (n) of repeated measurements;

X _is the true or accepted reference value of concentration;

s is the standard deviation of the measurements.

[EN 482[6]]

344

precision

closeness of agreement of results obtained by applying the method several times under prescribed conditions

NOTE Adapted from ISO 6879[°].

© 1SO 2004 - All rights reserved 7
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3.4.5
true value

value which characterizes a quantity perfectly defined in the conditions which exist when that quantity is

considered

[1ISO 3534-117]]

NOTE The true value of a quantity is a theoretical concept and, in general, cannot be known exactly; see EN 154014,
3.4.6

uncertainty

(of measuri‘ment) parameter associated with the result of a measurement that characterizes the dispersign of
the values that could reasonably be attributed to the measurand

NOTE 1 The parameter can be, for example, a standard deviation (or a given multiple of it), or‘the’ width |of a
confidence interval.

NOTE 2  Uncertainty of measurement comprises, in general, many components. Some of these ‘Components cah be
evaluated frgm the statistical distribution of the results of series of measurements and can be.characterized by standard
deviations. The other components, which also can be characterized by standard deviations;. are evaluated from assymed
probability d|stributions based on experience or other information. The ISO Guide to, the-éxpression of uncertainfy in
measuremerlt (GUM)[8] refers to these different cases as Type A and Type B evaluations’ef uncertainty, respectively.
NOTE 3  Adapted from VIML®].

4 Prindiple

4.1 Airborne particles containing metals and metalloidstare collected using the method specified in
ISO 1520211.

4.2 The ¢ollected sample and the filter are then treated to dissolve the metals and metalloids of intgrest
using one gf the sample dissolution methods specified in ISO 15202-2.

4.3 The f[esultant solutions are analysed for the metals and metalloids of interest using the inductively
coupled plasma atomic emission spectrometry method specified in this part of ISO 15202.

5 Requirements

The measuring procedure{as a whole (specified in ISO 15202-1, ISO 15202-2 and this part of ISO 15202)
shall complly with any refevant international, European or national standard, e.g. EN 482(6] and EN 1389((10],
which specifies performance requirements for measuring chemical agents in workplace air.

6 Reagents

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

6.1
0,1 mS-m-1

and resistivity greater than 0,01 MQ-m at 25 °C).

Water, complying with the requirements for ISO 3696 grade 2 water (electrical conductivity less than

It is recommended that the water used be obtained from a water 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 Ammonium citrate solution, 17 gI! (NH,),HCgH50; and 5gl-! CgHgO,-H,O, prepared in
accordance with B.4.2 of ISO 15202-2:2001.

© ISO 2004 — All rights reserved
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NOTE This solution is required only when soluble nickel compounds are to be determined (see B.6.1.3 of ISO 15202-
2:2001).

6.3 Mineral acids, concentrated, of various types, as required for preparation of matrix-matched calibration
solutions (see 6.6.2).

The concentration of the metals and metalloids of interest shall be less than 0,1 mg-I-1.

NOTE It might be necessary to use mineral acids of higher purity in order to obtain an adequate quantification limit
for some metals and metalloids.

Nitric acid (HNO;), concentrated, p~ 1,42 g-mI~', mass fraction = 70 %.

WARNING — Concentrated nitric acid is corrosive and oxidizing and nitric acid fumes-are|an irritant.
id contact with the skin or eyes, or inhalation of the fumes. Use suitable ‘personal| protective
ipment (including suitable gloves, face shield or safety glasses, etc.) when working with the

Hydrochloric acid (HCI), concentrated, p ~ 1,18 g-ml~1, mass fraction~ 36 %.

WARNING — Concentrated hydrochloric acid is corrosive and hydrochloric acid vapour is|an irritant.
id contact with the skin or eyes, or inhalation of the vapour! Use suitable personal| protective
ipment (e.g. gloves, face shield or safety spectacles, etc.) when working with concé¢ntrated or
e hydrochloric acid. Handle open vessels containing <oncentrated hydrochloric acid in a fume
d. The vapour pressure of hydrochloric acid is highj therefore beware of pressure bpuild-up in
stoppered flasks when preparing hydrochloric acid/water-mixtures.

Sulfuric acid (H,S0,), concentrated, p ~ 1,84 g-mI~1, mass fraction ~ 98 %.

WARNING — Concentrated sulfuric acid is corrosive and causes burns. Avoid contact with|the skin or
eyes. Use suitable personal protective equipment (including suitable gloves, face shield or safety
ectacles, etc.) when working with the-concentrated or dilute sulfuric acid. Exercise gréat caution

sulfluric acid, since it reacts violently-when mixed in this manner. Prepare sulfuric acid/watér mixtures

WARNING — Concentrated acid is corrosive and oxidizing and its fumes are an irritant. Avpid contact
the skin or-eyes, or inhalation of the fumes. Use suitable personal protective [equipment

ARNING — Concentrated hvdrofluoric acid i ery toxic in conta vith the skin and iflinhaled or
swallowed. It is corrosive and causes severe burns. Take extreme care when using hydrofluoric acid.
Avoid contact with the skin or eyes, or inhalation of the vapour. It is ESSENTIAL that suitable personal
protective equipment (including suitable gloves, face shield, etc.) is used when working with
concentrated or dilute hydrofluoric acid. Handle open vessels containing concentrated hydrofluoric
acid in a fume hood. Ensure that the nature and seriousness of hydrofluoric acid burns is understood
before commencing work with this substance. Carry hydrofluoric acid burn cream (containing calcium
gluconate) at all times whilst working with hydrofluoric acid and for 24 h afterwards. Apply the cream
to any contaminated skin, after washing the affected area with copious amounts of water. Obtain
medical advice immediately in case of an accident.
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NOTE The burning sensation associated with many concentrated acid burns is not immediately apparent on
exposure to hydrofluoric acid and might not be felt for several hours. Relatively dilute solutions of hydrofluoric acid can
also be absorbed through the skin, with serious effects similar to those resulting from exposure to the concentrated acid.

When using hydrofluoric acid, it is recommended that a pair of disposable gloves be worn underneath suitable
rubber gloves to provide added protection for the hands.

6.4 Nitric acid, 10 % volume fraction
Add approximately 700 ml of water (6.1) to a 1 000 ml one-mark volumetric flask (7.1.2). Carefully add 100 ml

of concentrated nitric acid (6.3.1) to the flask and swirl to mix. Allow to cool, dilute to the mark with water,
stopper andmix thoroughty.

6.5 Stock standard solutions, for preparation of calibration solutions.

6.5.1 Single-element stock standard solutions.

D

6.5.1.1 Use commercial single-element standard solutions with certified concentrations traceabl¢ to
national standards to prepare calibration solutions. The range of standard solutions used shall include all the
metals and|metalloids of interest at a suitable concentration, typically 1 000 mg-I=1.6r 10 000 mg-I-1. Obsgrve
the manufagturer's expiration date or recommended shelf life.

6.5.1.2 Alternatively, prepare single-element stock standard solutions_from high purity metals or their
salts. The grocedure used to prepare the solutions shall be fit for purposetand the calibration of any apparptus
used shall be traceable to national standards. Store in a suitable container, e.g. a polypropylene bottle (7.3)
for a maximum period of 1 year.

6.5.2 Mujti-element stock standard solution(s)

1

Use one of more commercial multi-element standard -s6lutions with certified concentrations traceablg to
national stgndards to prepare calibration solutions. Between them, the multi-element standard solutions shall

include all the metals and metalloids of interest at ‘Suitable concentrations, typically between 10 mg-I-'|and

1 000 mg-I|', depending on the sensitivity of the emission lines to be measured. Observe the manufactufer's
expiration date or recommended shelf life.

6.6 Calibration solutions

6.6.1 Prepare a working standard ‘solution or solutions, if desired, to include all the metals and metalloids of

interest at guitable concentrations, typically between 1 mg-I- and 100 mg-I-!, depending on the sensitivily of
the emissidn lines to be measured. Accurately pipette an appropriate volume of each single-element sfock
standard solution (6.5.1) er\an appropriate volume of multi-element stock standard solution (6.5.2) info a
labelled, orje-mark volumetric flask (7.1.2). Add an appropriate volume of a suitable mineral acid (6.3) to
ensure analyte stability\’Dilute almost to the mark with water (6.1), stopper and swirl to mix. Allow to cod|, to
room tempegrature, dilute to the mark with water, stopper and mix thoroughly. Store in a suitable container,|e.g.
a polypropylene bettle (7.3) for a maximum period of 1 month.

Analytes that a J 3
chemical compat|b|llty and to av0|d spectral mterferences The type and volume of mineral aC|d added should
also be selected carefully to ensure analyte stability.

6.6.2 Prepare a set of calibration solutions including a calibration blank solution and at least two other
calibration solutions, covering a suitable range of concentrations for each of the metals and metalloids of
interest. For each set of calibration solutions, accurately pipette appropriate volumes of working standard
solution (6.6.1) or stock standard solution(s) (6.5) into individual, labelled, 100 ml volumetric flasks (7.1.2).
Add reagents, as required (see the two following paragraphs of this subclause), to match the calibration
solutions with that of the test solutions (see 8.1.12.1). Dilute almost to the mark with water (6.1), stopper and
swirl to mix. Allow to cool, dilute to the mark with water, stopper and mix thoroughly. Prepare the calibration
solutions fresh daily.
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The type(s) and volume(s) of reagents required to matrix-match the calibration and test solutions depend upon
the sample dissolution method used. Table 1 presents information on how to achieve matrix-matching for test
solutions prepared in accordance with the various sample dissolution methods prescribed in ISO 15202-2.
However, it is also necessary to take into account the contribution to the overall acid concentration from acids
present in the stock standard solution(s) used to prepare the calibration solutions.

Table 1 — Reagents required to prepare matrix-matched calibration solutions

Sample dissolution method Reagents required to prepare matrix-matched calibration solutions
ISO 15202-2:2001, B.6.1.2 10 ml of nitric acid (6.3.1)
ISP 15202-2:2001, B.6.1.3 10 ml of ammonium citrate solution (6.2)
ISP 15202-2:2001, Annex C 4 ml of nitric acid (6.3.1) and 20 ml of hydrochloric acid (6-3:2)
ISP 15202-2:2001, Annex D 20 ml of nitric acid (6.3.1)
ISP 15202-2:2001, Annex E 4 ml of sulfuric acid (6.3.3) and 20 ml of hydrochlori¢ acid (6.3.2)
ISP 15202-2:2001, Annex F 4 ml of perchloric acid (6.3.4) and 20 ml of hydrochloric acid (6.3.2)
ISP 15202-2:2001, G.6.1 20 ml of nitric acid (6.3.1)
ISP 15202-2:2001, G.6.1 and G.6.5 20 ml of nitric acid (6.3.1) and 20 mi¢f hydrochloric acid (6.3.2)
ISP 15202-2: 2001, G.6.2 16 ml of nitric acid (6.3.1) and 4{ml of perchloric acid (6.3.4)

ISP 15202-2:2001, G.6.2 and G.6.5 16 ml of nitric acid (6.3.1),) 4/ml of perchloric acid (6.3.4) and 20 ml of
hydrochloric acid (6.3.2)

ISP 15202-2:2001, G.6.3 20 ml of nitric acid (6;3.1), or
16 ml of nitric acid(6:3.1) and 4 ml of perchloric acid (6.3.4)

ISP 15202-2:2001, G.6.3 and G.6.5 20 ml of nitric:acid (6.3.1) and 20 ml of hydrochloric acid (6.3.2), g

=

16 ml of nitric acid (6.3.1), 4 ml of perchloric acid (6.3.4) and 20 ml of
hydroehleric acid (6.3.2)

Thel calibration solutions also need to, be matrix-matched with respect to hydrofluoric acid if the tgst solutions
werg prepared from samples cellected on quartz-fibre filters using either the sample dissolution method
pregcribed in Annex D of 1SO-15202-2:2001 or the method prescribed in Annex G of ISO 152022:2001 with
hydfofluoric acid. In general,~matrix-matching with hydrofluoric acid is best avoided (see 8.1.12(1), but it is
necgssary in cases where\its action on quartz-fibre filters results in high concentrations of silicon (gnd possibly
othgr elements, such-‘as”aluminium, calcium and sodium) in the test solutions. The calibratign solutions
therefore need to he~prepared by addition of appropriate volumes of working standard solution (6.4.1) or stock
starjdard solution(s) (6.5) to unused quartz-fibre filters carried through the sample dissolutjon method
desgribed in the’relevant annex of ISO 15202-2:2001. Under such circumstances, plastic volumetric labware
comnlpatible with’ hydrofluoric acid and a corrosion-resistant sample introduction system have to be Uised.

6.7 | _Single-element stock standard solution(s), for addition of internal standard(s).

6.7.1 If test solutions containing the internal standard element(s) are required (see 8.1.13.1), use a
commercial single-element standard solution or solutions to prepare them. The standard solution(s) shall
include the element(s) to be used as internal standard(s) at a suitable concentration, e.g. 10 000 mg:I-1. The
internal standard element(s) shall be compatible with the test solution matrix and the matrix of the single-
element standard solution(s) used for addition of internal standard(s) shall be compatible with the metals and
metalloids of interest (see 8.1.13.2). Observe the manufacturer's expiration date or recommended shelf life.

6.7.2 Alternatively, prepare single-element stock standard solution(s) from high purity metals or their salts.

The procedure used to prepare the solutions shall be fit for purpose and the calibration of any apparatus used
shall be traceable to national standards.
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6.8

Interference check solutions

If inter-element correction is to be carried out (see 8.1.8.1), prepare an interference check solution for each
interferent at a suitable concentration, e.g. between 50 mg:I-! and 200 mg-I-1. Accurately pipette appropriate
volumes of single-element stock standard solutions (6.5.1) into individual, labelled one-mark volumetric flasks
(7.1.2). If appropriate (see 8.1.12.1), matrix-match the interference check and test solutions (see paragraphs 2
and 3 in 6.6.2). Dilute almost to the mark with water (6.1), stopper and swirl to mix. Allow to cool, dilute to the
mark with water, stopper and mix thoroughly. Store in a suitable container, e.g. a polypropylene bottle (7.3) for

a maximum

period of 1 year.

6.9 Laboratory detergent solution, consisting of a laboratory-grade detergent, suitable for cleaning of
samplers and labware, diluted with water (6.1) according to the manufacturer's instructions.

6.10 Argohn, suitable for use in inductively coupled plasma atomic emission spectrometry.

7 Laboratory apparatus

Ordinary lalporatory apparatus and the following.

7.1 Glassware

7.1.1 One-mark pipettes, complying with the requirements of ISO 648, made of borosilicate glass|3.3,
cleaned before use by soaking in a 10 % volume-fraction nitric acid sélution (6.4) for at least 24 h and then
rinsing thorpughly with water (6.1).

Alternatively, the glassware may be cleaned with a suitable labofatory detergent using a laboratory washing
machine.

7.1.2 One-mark volumetric flasks, of capacities between 50 ml and 1 000 ml, complying with [the
requiremenfs of ISO 1042, made of borosilicate glass 3.3 complying with the requirements of ISO 3585,
cleaned before use by soaking in a 10 % volume-fraction nitric acid solution (6.4) for at least 24 h and then
rinsing thorpughly with water (6.1).

Alternatively, the glassware may be cleaned-with a suitable laboratory detergent using a laboratory washing
machine.

7.2 Pistdn-operated volumetric, instruments, complying with the requirements of ISO 8655-1 and tepted
in accordarjce with 1ISO 8655-6;including pipettors, complying with the requirements of ISO 8655-2, a$ an
alternative {o one-mark pipettes.for the preparation of standard solutions, calibration solutions and dilutign of
sample tesf solutions; and dispensers, complying with the requirements of ISO 8655-5, for dispensing acifls.
7.3 Polypropylene-bottle, with leakproof screw cap.

A bottle made .of7anh alternative plastic may be used provided that it is suitable for the intended use (see
6.5.1.2 and|6:6.1).

7.4 Inductively coupled plasma atomic emission spectrometer, computer-controlled, equipped with an

autosample

12

r that preferably has a flowing rinse.
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8 Procedure
8.1 Method development

8.1.1 General

Develop and validate a method for the analysis of test solutions of samples of airborne particulate matter,
prepared as described in ISO 15202-2, that is suitable for use with the available ICP-AES instrument(s). Use
the default instrument conditions given by the instrument manufacturer as a starting point in the method
development process. Refer to guidance on ICP-AES method development available in standard texts,
manuals provided by Instrument manufacturers and international, European or national standards.

NOTE This part of ISO 15202 is applicable to a wide range of ICP-AES instruments, e.g. simultaneous for sequential
instruments with photomultiplier or solid-state detector systems, each of which needs to be set up/and qperated in a
different manner. There are some principles that apply to the development of methods for all instruments, put there are
also|many parameters that are applicable only to particular instruments or instrument types.

8.1.2 Requirement for the quantification limit

Forleach metal and metalloid of interest, determine a value for the lower.limit of the analytical rapge that will
be gatisfactory for the intended measurement task.

EXAMPLE For the measurement task of testing compliance with)limit values as specified in EN 482[6] use
Equation (2) to calculate the least amount of the metal or metalloidthat will need to be quantified when it is to be
detgrmined at a concentration of 0,1 times its limit value:

Liow = 0,1x Ly x gy % min (2)
whefe

Liow is the required lower limit, in micrograms, of the analytical range of the metal or metalloid;

Ly is the limit value, in milligrams*per cubic metre, for the metal or metalloid;

qy is the design flow rate;in litres per minute, of the sampler to be used;

min is the minimum)sampling time in minutes, that will be used.

Theh calculate the required quantification limit, in milligrams per litre, by dividing the required lower limit of the analytical
rangde, in micrograms, by the volume of the test solution, in millilitres.

If the equation in 8.1.4 of ISO 15202-1:2000 is used to calculate a minimum sampling time|for sample
collgction,.the amount of each metal or metalloid on the filter should be above the lower limit of tHe analytical
range provided that its concentration in air was greater than 0,1 times the limit value during samplivrg.

For other measurement tasks, it might be necessary to obtain quantitative measurements below 0,1 times the
limit value, in which case an appropriate lower value should be entered in the above equation.

8.1.3 Significance of spectral interferences

Give consideration to the significance of any known spectral interferences in the context of the measurement
task. For each potentially useful analytical wavelength (see 8.1.6), refer to published information and/or past
experience and consider the relationship between the magnitude of interferences and the relative limit values
of the interferents and the metals and metalloids to be determined.
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EXAMPLE

For the measurement task of testing compliance with limit values, an interferent present at 10 times its
limit value will cause a positive bias greater than 0,1 times the limit value of the analyte if

Ly
10x—Yi_Pa_ .04 3)
Ly, 10000

where

Ly is the limit value, in milligrams per cubic metre, of the interferent;

Ly 5 |[is the limit value, in milligrams per cubic metre, of the analyte;

Pa is the apparent analyte concentration, in milligrams per litre, caused by interferent concentration of

10 000 mg-I-".

Use an altefnative analytical wavelength or apply interelement corrections (see 8.1.8) if the"sum of all poteptial
interferencags is greater than 0,1 times the limit value of the analyte when each of the intetferents is present at
10 times its|limit value.
NOTE 1 Inter-element correction is not normally necessary for measurements made“to test compliance with [limit
values.
NOTE 2  For other measurement tasks, there might be a need to obtain quantitative measurements at concentrafions
below 0,1 times the limit value, in which case an appropriate lower value should be entered in Equation (3).
NOTE 3 Ipter-element correction is best avoided, if possible, by selecting an alternative analytical wavelength that is
free from or less prone to interference.
8.1.4 Axial or radial viewing of the plasma
If an instrument with an axial plasma and an instriment with a radial plasma are both available, or if| the
instrument fo be used is equipped for both axial or radial viewing of the plasma (a dual-view instrument),
decide whigh orientation is best suited to the measurement task (see note). It might be that it is better to[use
the axial plasma to make measurements at 'some analytical wavelengths and the radial plasma to make
measuremgnts at others.
NOTE Axial viewing of the plasma might be necessary to obtain the required quantification limits (see 8.1.2), bu it is
more susceptible than radial viewing to spectral interferences.
8.1.5 Sample introduction.system
Decide whigh type of samiple introduction system to use. Take into consideration the required sensitivity |and
the nature [of the test/solution matrix. In most instances, the standard system supplied by the instrument
manufacturger wilkbe adequate.
NOTE 1 If the' spectrally pure test solutions contain hydrofluoric acid, it will be necessary to use a corrosion-resigtant

sample introduction system.

NOTE 2

Ultrasonic nebulizers provide a higher sensitivity than conventional pneumatic nebulizers such as cross-flow

and concentric nebulizers. However, they are not resistant to corrosion by hydrofluoric acid and generally have longer
wash-out times than conventional sample introduction systems. Nevertheless, the use of an ultrasonic nebulizer might be
beneficial when lower quantification limits are required, e.g. if measurements are to be made for a metal or metalloid with
a particularly low limit value and/or short sampling time.

NOTE 3  Hydride generation (for elements such as arsenic, antimony, selenium, tellurium, etc.) and cold vapour
generation (for mercury) provide lower quantification limits than other sample-introduction techniques; however, they are
not covered by ISO 15202.
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8.1.6 Analytical wavelengths

8.1.6.1 Select one or more emission lines with which to make measurements for each metal or metalloid
of interest. Take into consideration the wavelengths that are accessible on the instrument to be used and their
background equivalent concentrations, the required quantification limit (see 8.1.2) and spectral interferences
that could be of significance in the context of the measurement task (see 8.1.3). The more sensitive lines will
usually be the most favourable, but avoid the use of wavelengths which have a direct spectral overlap or
where there is a complex background shift caused by the occurrence of a number of intense, closely-spaced
nearby emission lines. It is advisable to use more than one line for each analyte, if available, to check for any
problems not identified during method development.

NOTE 1 Users of scanning, sequential, monochromator-based instruments have a free choice of the entlre UV/visible

speg¢trum. They can select any appropriate interference-free wavelengths by reference to line (tabld
Refgrence [11]. Users of instruments with an Echelle grating and/or solid-state detectors also have many ling
to choose. However, users of simultaneous, conventional polychromator-based instruments can-only se

bs, e.g. see
s from which
ect from the

analytical lines that they have available in their particular instrument configuration.

NOTE 2
inte

If there is direct spectral overlap and an alternate line is not available for analysis for the metal of metalloid of

st, it still might be possible to correct for the interference using interelement correctien-(see 8.1.8).

8.1.
prof

b.2 If measurements are to be made on more than one emissiof-line for any analyte, decide on a
pcol for the reporting of results.

Ap
repd
the

otocol that could be used is as follows: report the mean result-ifitwo analytical wavelengths a
rt the mean of the two closest results if three analytical wayelengths are selected; or report {
hree closest results if four analytical wavelengths are selected.

re selected;
he mean of

8.1.f/ Background correction

Ger calibration
ne the line
ements at a
essentially
t two points

erate a spectral scan for each of the proposed* analytical wavelengths whilst aspirating the
blank solution, a calibration solution and a typical sample test solution into the plasma. Exam
profiles and select points at which to make background correction measurements. Make measur:
sindle point to correct for a simple backgrtound shift, i.e. a shift in background intensity that is
congtant over a given range, e.g. 0,5 nmj.eh either side of the analyte line. Make measurements g
to cprrect for a sloping background shift.

NO
mo
the
det
bac
me
off-

urements. In
ned first and
th solid-state
simultaneous
m the overall
ired to make

E1 Different instrument types.use different means of making off-peak background correction meas
chromator-based instruments-and most polychromator-based instruments, the analyte intensity is obta
separate measurements-are-made at the background correction wavelengths. However, instruments w
tors measure backgreund signals at the same time as the analyte line. They can therefore perform
ground correction, whieh is preferable since it removes noise due to the sample introduction system fro
urement. Furtherm0re, simultaneous measurements are faster since no additional analysis time is reqy
eak measurements.

NO
bac

E2 Some' ICP-AES software features the use of chemometrics to automatically select paramefers such as

groundtcorrection points and perform intelligent optimization studies without user interaction.

8.1. Inter-element correction

8.1.8.1 If the only analytical wavelength(s) available for a metal or metalloid of interest suffer(s) from a
direct spectral overlap or a complex background shift, give consideration to the need to apply inter-element
correction (see 8.1.3). If this is necessary, generate and apply interference correction factors (see note 1).
Alternatively, if the instrument has the necessary software, use a chemometric technique to perform inter-
element correction (see note 2).

NOTE 1 Inter-element correction factors can be generated from the apparent analyte concentrations obtained by
analysing individual, spectrally pure test solutions containing a high concentration, e.g. 10 000 mg-I-!, of each the
interfering elements. Alternatively, the data handling software of some instruments may be used to calculate and apply
interference corrections automatically, if the calibration solutions contain suitable, varied concentrations of the analyte and
interfering elements.
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NOTE 2

mathematical models.

8.1.8.2

8.19 Pla

8.1.9.1

Under nor
these usus
However, if

NOTE
analyte in th
For an elemg
residence tin
element, pro
rate, the ang
ionized and
a faster flow

8.1.9.2 H

Under nornj

usually resuylts in compromise operating conditions that are best suited to multi-element analysis. Howevé

desired, theg

NOTE A
nature of thd
energy for e
sodium, a lo

8.1.93 \

1

Chemometric techniques distinguish analyte spectra from interfering spectra by the use of stored

If inter-element correction is applied, prepare interference check solutions for each interferent
(6.8) and analyse these in each analytical run (see 8.3.3.4).

sma conditions

Plasma, auxiliary and nebulizer gas flows

Iy result in compromlse operatmg condltlons that are best swted to mult| element anal
desired, the nebulizer gas flow may be optimized for specific applications.

he nebulizer argon flow rate can be a critical factor because it largely determines the residence time o)
b plasma. The longer the residence time, the more time the analyte has to be atomized, excited and ion
nt that emits strong ionic lines and has a high ionization potential (i.e. requires more energy to ionize), a
ne is desired. Hence a lower nebulizer argon flow rate can be used to obtain highefrsensitivity for suc
vided that the nebulizer efficiency does not fall off significantly when the flow rate_is reduced. At a lower,
lyte travels through the plasma at a slower speed, giving it more time in the hot_region of the plasma f
pxcited. On the other hand, for elements such as sodium that emit strong atomic/lines and are easily ion
rate can be used so that the atoms are not ionized before excitation can take\place.

RF power
al circumstances, use the default RF power recommended by the instrument manufacturer, as|
RF power may be optimized for specific applications:

s for the nebulizer argon flow rate, the RF power_applied to the plasma can be optimized according tg

kcitation and ionization, a higher power provides greater sensitivity. For an easily excited analyte suc
ver power provides increased sensitivity.

liewing height (radial plasma only)

Sis.

f the
zed.
long
h an
flow
p be
zed,

this
pr, if

the

analyte. The more power that is applied to the-plasma, the hotter it gets. For analytes that require more

h as

Under normal circumstances, use thedefault viewing height recommended by the instrument manufactdirer,

as this usu
However, if

NOTE 1
the ICP are
its emission

NOTE2 B
analytical go
height.

1

ally results in compromise Operating conditions that are best suited to multi-element anal
desired, the viewing height may be optimized for specific applications.

haracterized by @ifferent temperatures and each analytical wavelength has an optimum temperature at w
s most intense:

ecause.varying the RF power and/or nebulizer argon flow rate can often be used to accomplish the s
al as vatying the viewing height, some lower cost ICP-AES instruments do not offer an adjustable vie|

Sis.

he viewing height €an*be optimized for a selected analyte line or lines. This is because different regiofs of

hich

ame
wing

8.1.10

Instrument operating parameters

Refer to the instrument manufacturer's instructions and, depending on the type and make of instrument,
determine the optimum setting for other relevant instrument operating parameters.

A number of instrument operating parameters, such as the photomultiplier tube voltage, integration time,
number of integrations, x-y centering or adjustment of torch height, etc, might need to be optimized.

8.1.11 Sample introduction parameters

8.1.111

16

Use the sample uptake rate recommended by the manufacturer of the nebulizer or optimize its
performance to achieve a suitable compromise between signal intensity and sample uptake rate.
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8.1.11.2 Use a suitable wash-out time, wash-out rate and read delay. Carry out tests to ensure that there
is no significant carry-over of analyte between measurements.

8.1.12 Calibration solutions

8.1.12.1 Matrix-matching

Decide to what extent to match the matrix of the calibration solutions with that of the test solutions. Unless an
internal standard is used (see 8.1.13), match the matrix of the calibration solutions with that of the test
solutions, but if possible avoid preparing calibration solutions containing hydrofluoric acid (see DANGER

not: vy ;II 3.3.5). EVUII If art ;IItUIIIG: Otalldald IO UDUd, It ID IUbUIIIIIIUIIdUd that |||at| II\ Illat\lh;llu G:O D be Car”ed
out.
If tHe test solutions prepared according to ISO 15202-2 contain hydrofluoric acid, an equal’condentration of

nitri
in O
and

8.1.

Car
(seq
con

If m
into

c acid should normally be substituted for hydrofluoric acid when preparing the calibration soluti
he or two cases (see paragraph 3 in 6.6.2), this will have an insignificant effectoniresults, it
it will enable calibration solutions to be prepared in volumetric glassware.

12.2 Calibration range

Centrations over which to prepare the calibration solutions (seé.616.2).

ore than one analytical wavelength is to be used for aparticular analyte, it will be necessary
consideration when selecting the range of concentrations to be covered.

'y out experiments to determine the linear dynamic range for each ef the selected analytical
8.1.6) under the intended operating conditions (8.1.1 through8.1.11). Then select a range of analyte

pns. Except
will be safer

vavelengths

to take this

8.1.13 Use of an internal standard(s)
8.1.113.1 Decide whether to use an internal-standard or standards to correct for non-spectral interferences
(i.e.|transport interferences and excitation_interferences) or to improve precision. Take into consigleration the

follg

b)

wing guidance.
A single internal standard may-be used to correct for transport interferences that arise frg
during analysis.

Internal standards may also be used to correct for excitation interferences that arise fro
mismatch between\the calibration and test solutions and for changes in plasma conditions tha
during analysis-as-a result of fluctuation in power and/or gas flows. However, multiple interng
need to be uSed and the wavelengths at which they are measured need to be carefully sele
the characteristics of the analyte emission lines closely match those of the internal standa
lines.

Use.of internal standards can also improve analytical precision for simultaneous instruments

the’ effect of noise associated with sample introduction. However, for some instruments with

m a matrix

mismatch between the calibration and test solutions and for changes in nebulizer efficiency that can occur

m a matrix
t can occur
| standards
cted so that
rd emission

by reducing
solid-state

d)

8.1.13.2

detector systems, the integration time varies depending on emission intensity and for these i

nstruments,

analytical precision is only likely to be improved if the analyte and the internal standard emission lines

have a similar intensity.

In general, it is preferable to match the matrix of the calibration and test solutions (see 8.1.

12.1) rather

than rely upon the use of an internal standard to correct for transport and excitation interferences that can

arise from a matrix match.

Carefully select internal standard emission lines to ensure that they are suitable for th

e intended

purpose (see 8.1.13.1) and exhibit adequate sensitivity. Ensure that internal standard elements are not
present in the test solutions and that the single-element stock standard solutions for addition of internal
standards (6.7) are chemically compatible with the test solution matrix (i.e. they do not cause precipitation).

© 1SO 2004 - All rights reserved
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8.2

8.21

Instrument performance checks

Visual inspection

The user shall perform regular visual checks to ensure the instrument and ancillaries are in good order before
commencing work. Follow the instrument manufacturer's recommendations.

Further guidance is given in Annex A.

8.2.2

Performance checks and fault diagnostics

The user §
operating td
instrument

Further guig
A compreh

and /dentifi
Reference

by the instrtiment manufacturer.

A short vers

8.3 Roufine analysis

WARNING

safety glagses, etc.) when working with concentrated or.dilute acids. See the WARNING notices in

8.3.1 Ad
If using an
be measur
solutions ar

Internal sta
into a know
to 10 ml of
standard el
and mixing
concentrati

8.3.2 Sefting up:the instrument

Set up the

an acceptable standard. More rigorous fault diagnostics shall be used if it is suspectedithat
s not functioning properly. Follow the instrument manufacturer's recommendations.

ance is given in Annex B.

bnsive series of performance checks, often referred to as QUID (a procedure for Quality Co
cation of Malfunctions of ICP emission spectrometers), has been described in the literature;
12]. This can be used to supplement the performance checks and fault-diagnostics recommer

ion of QUID is described in Annex C.

Use suitable personal protective equipment:(including suitable gloves, face shield

Hition of internal standards

nternal standard or internal standards-(see 8.1.13), add the same concentration to all solution
bd, i.e. the calibration solutions, blank test solutions, sample test solutions, interference ch
d quality control solutions.

ndards may be added bypipetting a known volume of single-element stock standard solution
h volume of each solutionto be measured, e.g. by adding 100 pl of single-element stock stan
each solution. Alternatively, the solution to be measured and a solution containing the intg
bment(s) may beimixed during sample introduction using a two-channel peristaltic pump, T-p
coil. In the lattérycase, it will be necessary to prepare an internal standard solution at a suit
bn by diluting‘the single-element stock standard solution (6.7) by an appropriate factor.

CP;AES instrument (7.4) following the manufacturer's recommendations and in accordance

hall carry out performance checks on a daily basis to verify that the ICP-AES instrumerLt is

the

htrol
see
ded

| or
5.3.

s to
eck

6.7)
dard
rnal
ece
able

with

the metho

devetoped— i 81— Waitfor the nstrument 1o be warmedup property before starting w

ork.

Recommended warm-up times, typically 30 min to 60 min, are generally provided by the instrument
manufacturer. It is advisable to aspirate calibration blank solution into the plasma during the instrument warm-

up period si

nce otherwise plasma conditions could be different during analysis.

8.3.3 Analysis

8.3.3.1

Aspirate the calibration solutions (6.6.2) into the plasma in order of increasing concentration

and

make emission measurements for each solution. Use the instrument's computer to generate a calibration
function for the metals and metalloids of interest, preferably using a linear regression. It is recommended that
the emission intensity of the calibration blank solution be subtracted from the emission intensities of the other
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calibration solutions and that the calibration function be then forced through the origin. Repeat the calibration if
the correlation coefficient, R2, for any of the metals and metalloids of interest is not > 0,999.

If R2 < 0,999, it might be possible to remove an erroneous calibration point and reprocess the data to obtain
an acceptable calibration, but the minimum number of calibration solutions prescribed in 6.6.2 should be
respected.

8.3.3.2

Aspirate the blank and sample test solutions (prepared in accordance with ISO 15202-2) into the

plasma and make emission measurements for each solution. Use the stored calibration function (8.3.3.1) to
determine the concentration of the metals and metalloids of interest.

8.3

3

calibration and then, at a minimum, after every 20 test solutions. If the measured concentration

me
detq
cali
use
reca
in W
sen

8.3.
soly
waV
con

8.3.
soly
preg

8.3.
that
ana

NOT
reag

8.3.
four

mat}
alte

8.4

8.4.

j

lloid of interest in the continuing calibration blank is above three times the instrumental\detec
rmined in 8.4.1), or if the measured concentration of a metal or metalloid of interest in
bration verification has changed by more than + 5 %, take one of the following corrective meas
the instrument software to correct for the sensitivity change (reslope facility); 'or suspend a
librate the spectrometer. In either case, reanalyse the test solutions that were analysed durin
hich the sensitivity change occurred, or if this is not possible, reprocess-the data to take ac
5itivity change.

B.4
tions (6.8) to verify that the inter-element correction proceduré is effective for each of th
elengths concerned. Use the same acceptance criteriasgiven in 8.1.3, i.e. the appar
Centration should correspond to an air concentration that is\less than 0,1 times the relevant limi

B.5 Analyse reagent blank and laboratory blank solutions, as specified in 8.5.1.1, and qu
tions, as prescribed in 8.5.2.1, and use the results to monitor the performance of the
cribed in 8.5.1.2 and 8.5.2.2.

3.6 Review the relative standard deviation of each result. If a result has a relative standa
is significantly higher than expected, taking into consideration the measured concentration
ysis of the solution concerned.

E When the measured concentration for a metal or metalloid is well above its quantification
onably be expected that the relative.standard deviation will be < 1 %.

B.7 If the concentration of any of the metals and metalloids of interest in a sample tes
d to be above the upper limit of the calibration range, dilute the solution by a suitable fad
ching as necessary;_and repeat the analysis. Record the dilution factor. Alternatively, usg
rnative analyticalwavelength.

Estimation of detection and quantification limits

1 Estimation of the instrumental detection limit

Analyse the calibration blank solution and a mid-range calibration solution aft%t

the initial
a metal or
ion limit (as
continuing
ures: either
nalysis and
y the period
tount of the

If inter-element correction is included in the method ,(see 8.1.8), analyse interfefence-check

e analytical
ent  analyte
[ value.

ality control

method as

rd deviation
repeat the

limit, it can

solution is
tor, matrix-
a suitable

8.4.

4
LI

[=] T : + P B Y 4 bt L 1 al P P T IEaN rnd
LoUlTTatT uic misturricetitdl UTicCUOIT Tt 101 ©aull O U1 TT1IStals O TTISidliulius Ul IIII.UIU\Jt Under the

working analytical conditions following the procedure described in 8.4.1.2 and 8.4.1.3 and repeat this exercise
whenever the experimental conditions are changed.

NOTE An instrumental detection limit is of use in identifying changes in instrument performance, but it is not a
method detection limit; see Reference [12]. An instrumental detection limit is likely to be lower than a 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.

8.41.2 Prepare a test solution with concentrations of the metals or metalloids of interest near their
anticipated instrumental detection limits, by diluting the working standard solution(s) (6.6.1) or stock standard
solutions (6.5) by an appropriate factor. Follow the same procedure used for preparation of the calibration
solutions in 6.6.2.
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8.41.3 Make at least ten consecutive emission measurements on the test solution (8.4.1.2) and calculate
the instrumental detection limit for each of the metals or metalloids of interest as three times the sample
standard deviation of the mean concentration value.

An alternative procedure for estimating the instrumental detection limit involves the analysis of calibration
blank solution fortified with the metals and metalloids of interest at concentrations spanning the predicted

instrumental detection limit; see Reference [13].

8.4.2 Estimation of the method detection limit and the quantification limit

8.4.2.1 Estimate the method detection limit and quantification limit for each of the metals or metalloids of
interest under the working analytical conditions following the procedure described in 8.4.2.2 and 8.4.213 |and
repeat this gxercise whenever the experimental conditions are changed significantly.

8.4.2.2 Prepare at least ten laboratory blank test solutions from unused filters of the same’ type used for
sample collection in 1ISO 15202-1. Follow the sample-dissolution procedure used to prepare sample [test
solutions in[ISO 15202-2.

8.4.2.3 Make emission measurements on the test solutions (8.4.2.2) and calculate the method detegtion
limit and the quantification limit for each of the metals or metalloids of interest as three’times and ten timeq the
sample stapdard deviation of the mean concentration values, respectively.

8.5 Quality control

8.5.1

8.5.1.1

preparation
reagent bla
minimum of

8.5.1.2
on previoug

Reagent blanks and laboratory blanks

Carry reagent blanks (see 3.2.7) and laboratory blanks (see 3.2.5) throughout the entire sar

hk and laboratory blank test solutions according to a frequency of at least 1 per 20 samples
one per batch.

If results for reagent blanks and/or labgratory blanks are significantly higher than expected, bz
experience, investigate whether contamination is occurring from laboratory activities and/or

batch of filtgers used for sampling and take appropriate corrective action to ensure that this does not re-occ

8.5.2 Qu

8.5.2.1

and analyti
on the sam
spiked dup
have been

at amounts
prepared fr
solutions.)

hlity control solutions

Carry spiked samples-and spiked duplicate samples throughout the entire sample prepar3
al process described-in ISO 15202-2 and this part of ISO 15202 to estimate the method accu
ple batch, expressed as a percent recovery relative to the true spiked value. Spiked samples
icate samples/consist of filters to which known amounts of the metals and metalloids of intg
pdded. (This’can be accomplished by spiking with known volumes of a working standard soly
within_theinear dynamic range of the instrument. The working standard solution used sha
bm stock standard solutions from a source different from those used for preparing the calibrg
Prepare and analyse these quality control solutions according to a frequency of at least 1

nple

and analytical process described in ISO 15202-2.and this part of ISO 15202. Prepare and analyse

or a

sed
the
r.

tion
racy
and
rest
tion
| be
tion
per

20 samples|

or-a minimum of one per batch

8.5.2.2

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 falls outside the control range, investigate the reasons for this,
take appropriate corrective action and repeat the analysis if necessary. See ASTM E 882-87[14] for general
guidance on the use of quality-control charts.

8.5.3 Certified reference materials (CRMs)

If available, certified reference materials (CRMs) for the metals and metalloids of interest shall be analysed
prior to routine use of the method to establish that the percent recovery relative to the certified value is
satisfactory.
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8.5.4 External quality assessment

3:2004(E)

If laboratories carry out metal and metalloid in air analysis on a regular basis, it is recommended that they

part

8.6

icipate in a relevant external quality assessment or proficiency testing scheme.

Measurement uncertainty

It is strongly recommended that laboratories estimate and report the uncertainty of their measurements in
accordance with GUMI8]. The first step is to construct a cause-and-effect diagram(19] to identify the individual
sources of random and systematic error in the method. These are then estimated and/or determined

exp

app
whi

NOT

NOT
preg
assl
8.3.

NOT
of w

:rimnnfnlly and caoambined - in an ||nr‘nrfninfy h||r'!gnf l:inallyj the combined ||nr~nr+ninfy is—mult
ropriate coverage factor to produce an expanded uncertainty. A coverage factor of 2 is_rec
h gives a level of confidence of approximately 95 % in the calculated value.

E 1 References [16] and [17] describe the application of cause-and-effect analysis to analytical methg
E2 Terms that contribute to the random variability of the method are generally accounted for in the T
ision, which can be determined from quality-control data. Error associated with instrumental drift can &
ming a rectangular probability distribution, by dividing the drift permitted beforg the instrument is recs

3)by V3.

E3 Systematic errors include, for example, those associated with methed recovery, sample recovery
brking standard solutions, dilution of test solutions, etc.

plied by an
bmmended,
ds.

neasurement

e estimated,
librated (see

, preparation

9 |Expression of results
9.1| If measurements are made on more than one emission line for any of the analytes, procesg the results
in accordance with the protocol developed in 8.1.6:2'in order to derive a single result for each of the metals
and|metalloids of interest.
9.2| Calculate the mean concentration df-each of the metals and metalloids of interest in thg blank test
solytions.
9.3| Calculate the mass concentration of each metal or metalloid in the air sample at ambient conditions,
using Equation (4):
(pmaxV1xE)S{omo x Vo)
Py = (4)
V
whegre
PM is\the calculated mass concentration, in milligrams per cubic metre, of metal or metallgid in the air
sample at ambient conditions;
Waro is the mean concentration in milligrams per litre of metal or metalloid in the field blank test
solutions;
pm1 s the concentration, in milligrams per litre, of metal or metalloid in the sample test solution;
14 is the volume, in litres, of the air sample (see 8.4.3 of ISO 15202-1:2000);
Vo is the volume, in millilitres, of the field blank test solutions;
2] is the volume, in millilitres, of the sample test solution;
F is the dilution factor used in 8.3.3.7 ( F = 1 in the absence of dilution).
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9.4 If it is necessary to recalculate metal and metalloid in air concentrations to reference conditions (see
8.1.3.1 of ISO 15202-1:2000), calculate the mean atmospheric temperature and pressure by averaging the
measurements taken at the start and the end of the sampling period and apply a temperature and pressure
correction to metal and metalloid in air concentrations calculated in 9.3 using Equation (D.1).

10 Method performance

10.1 Method detection limits and quantification limits

Method detgction fimits and quantlllcatlon [mits are dependent On a number of 1actors, inc udlng the san

preparation
operating p
quantificatic
membrane
Annex G, a
ISO 15202.
note 2 in

quantificatiq

It is important to determine method detection limits and quantification limits Under the test conditions U

following th

method, the analytical wavelength selected, the analytical instrumentation used, the instrun
prameters and blank variability. During the validation of this method, method detectiopn, limits
n limits were determined['8] by preparing blank test solutions from mixed cellulése €
filters using the closed-vessel microwave digestion procedure described in ISO, 15202-2:2
nd analysing them using a method established following the procedure described in this pa
Results, in micrograms per litre of solution, for a selected range of metals-and metalloids
0.4), are presented in Table 2 as an example of achievable method ‘detection limits
n limits.

b instructions given in 8.4.

Table 2 — Achievable method detection limits and quantification limits

hple
nent
and
ster
D01,
rt of
see
and

sed

Analyte Wavelength Plasma viewing Method detection limit Quantification limi
nm pg/l pg/l
antimony 206,836 axial 13 43
arsenic 193,696 axial 19 62
beryllium 313,042 radjal 0,3 0,9
cadmium 228,802 axial 2,8 9,5
chromium 267,716 radial 3,3 11
cobalt 228,616 axial 2,3 7,7
copper 324,752 radial 15 50
indium 230,606 axial 10 33
iron 259,939 radial 14 46
lead 220,353 axial 10 33
manganesg 257,610 radial 1,0 3.1
nickel 221,648 radial 10 34
selenium 196,026 axtat 17 55
tellurium 214,281 axial 28 94
tin 189,927 radial 63 210
vanadium 309,310 radial 1,2 4,2
yttrium 371,029 radial 0,6 2,1
zinc 206,200 radial 15 51
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10.2 Upper limits of the analytical range

3:2004(E)

The upper limit of the useful analytical range is determined by the linear dynamic range of the spectrometer
under the analytical conditions established in 8.1.

10.3 Bias and precision

10.3.1 Analytical bias

The sample dissolution methods described in 1ISO 15202-2 are believed to be fully effective for most
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10.4 Overall uncertainty of sampling and analysis methods

Lab
(co
the
rang
acc
for
ISO

app

reqlirements/for all the selected metals and metalloids except tellurium, when sampling at a typig

of 2

ications, 1.6, the analytical method 15 expected 10 exhibit neghigible bias. However, they
ctive in all instances. EN 138900101 specifies that the mean analytical recovery of (pro

bt about whether the selected sample dissolution method meets this requiremgnt” for
ication, 1ISO 15202-2 requires that its effectiveness is determined and, if the analytical reco|
90 %, that the use of an alternative sample dissolution method is investigated) The analyt
efore, expected never to be greater than 10 %.

.2 Analytical precision
component of the coefficient of variation (CV) of the method that arises from analytic

ytical instrumentation used and the instrument operating parameters. However, laboratory exp
b been carried out to obtain figures of merit for CV(analysis).for a selected range of metals and
I solutions at various multiples of the method detetGtion limit were prepared by spiking
ropriate amounts of each of the metals and metalloids of interest and digesting them using
el microwave procedure described in Annex G*of I1ISO 15202-2:2001. The test solutions
ysed using a method established following-the procedure described in this part of

bratory experiments['8] have heen performed to demonstrate that the measuring procedure
ered by parts 1 to 3 of ISO15202) meets the general performance requirements specified in B
pverall uncertainty of measurements made for comparison with limit values (see note 1). Only
e of metals and metalloids was covered (see note 2) and the experiments, which were c3

samples preparedy‘using the closed-vessel microwave digestion method described in
15202-2:2001.5For measurements made for comparison with the 8 h time-weighted average
ied in the Ufiited Kingdoml['9l, the procedure was found to meet the EN 482[6] overall

req
(¢l0)

with

NOTE 1

I-min—*for’'sampling times in the range 30 min to 8 h. For tellurium, a minimum sampling time
ired in~order to meet the EN 482[6] overall uncertainty requirements. For measurement

a
analysis), is dependent upon a number of factors, including:the analytical wavelength sl

will not be
cedures for

suring metals and metalloids in airborne particles shall be at least 90 %. Consequently) if there is any

h particular
very is less
ical bias is,

variability,
lected, the
briments( 18]
metalloids.
filters with
the closed-
were then
ISO 15202.

analysis)[18] was found to be typically in the“range 2 % to 5 % for metal and metalloid compcentrations
greater than 10 times the method detection limit,

as a whole
N 48216] for
a selected
rried out in

prdance with EN 138901101, were restricted to investigating the performance of the measuring procedure

Annex G of
limit values
uncertainty
al flow rate
of 2 h was
5 made for
b procedure

parison with the 15 min short-term exposure limit values applied in the United Kingdom[19], th

short-term exposure limits, when sampling at a typical flow rate of 2 I-min-1,

metalloids

CEN has prescribed general requirements for the performance of procedures for the measurement of

chemical agents in workplace atmospheres in EN 482[6]. Upper limits of acceptability for overall uncertainty have been
specified for a number of measurement tasks and these are be used as a guide for the purposes of this International
Standard. CEN requirements are less stringent for screening measurements than for measurements for comparison with
limit values; and they are less stringent for measurements for comparison with limit values when these are made in the
range 0,1 to 0,5 times the exposure limit value (overall uncertainty < 50 %) than when they are made in the range 0,5 to
2,0 times the exposure limit value (overall uncertainty < 30 %).

NOTE 2 The metals and metalloids covered in the method performance experiments are As, Be, Cd, Cr, Co, Cu, Fe, In,
Mn, Ni, Pb, Se, Sb, Sn, Te, V, Y, Zn.
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10.5 Spectral interferences

During the validation of this method['8], consideration was given to the significance of potential spectral
interferences, in accordance with 8.1.3. No spectral interference correction was found to be necessary for
measurements made using any of the selected analytical wavelengths (see Table 2). However, it is important
to determine whether interference correction is necessary under the test conditions used following the
instructions given in 8.1.8.

11 Test report

ving

ype

(for
ling
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d, if

d in

11.1 Test|records

Compreherysive records of the test performed shall be maintained, including, at a minimumthe”follo

information

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

b) a complete identification of the air sample, including the date of sampling, the place of sampling, the
of sample (personal or static), either the identity of the individual whose breathing zone was sampleq
other personal identifier) or the location at which the general occupational-environment was sampled
a statig¢ sample), a very brief description of the work activities that wefe carried out during the samp
period pnd a unique sample identification code;

c) arefergnce to this International Standard, i.e., ISO 15202-3:2004;

d) the make and type of sampler used;

e) the make, type and diameter of filter used, if appropriaté;

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

g) the make and type of flowmeter used, the-primary standard against which the calibration of the flowm
was checked, the range of flow rates over which the calibration of the flowmeter was checked and
atmospheric temperature and pressure at which the calibration of the flowmeter was checke
appropyiate;

h) the time at the start and at the ‘end of the sampling period and the duration of the sampling perio
minutes;

i) the mepn flow rate, imlitres per minute, during the sampling period;

i) the mepn atmospheric temperature and pressure during the sampling period, if appropriate;

k) the volumeéy.in litres, of air sampled at ambient conditions;

I) the name of the person who collected the sample;

m) the time-weighted average mass concentration, in milligrams per cubic metre, of each metal and
metalloid in the air sample, at ambient temperature and pressure or, if appropriate conditions, adjusted to
reference conditions;

n) details of the sample dissolution method used;

0) the analytical variables used to calculate the result, including the concentrations of each metal and
metalloid in the blank and sample test solutions, the volumes of the blank and sample test solutions and
the dilution factor, if applicable;
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p) the type(s) of instrument(s) used for sample preparation and analysis and unique identifiers(s);

gq) the estimated instrumental detection limits, method detection limits and quantification limits under the
working analytical conditions; the measurement uncertainty determined in accordance with the GUMI8I;
and, if requested by the customer, quality control data;

r) any operation not specified in this International Standard, or regarded as optional;

s) the name of the analyst(s) or other unique identifier(s);

t) the date of the analysis;

u) |any inadvertent deviations, unusual occurrences, or other notable observations.

11.2 Laboratory report

The| laboratory report shall contain all information required by the end user;. regulatory authorities and
accfeditation organizations.

© 1SO 2004 — Al rights reserved 25


https://standardsiso.com/api/?name=ec64a455b7e0f6265ffe6c9c44c9420e

ISO 15202-3:2004(E)

Annex A
(informative)

Guidance on maintenance of ICP-AES instrumentation

A.1 Maintenance contract

A maintena

Maintenang
laboratory.

Instrument

It might no
manufactur|

Certain acc

When entefing into a maintenance contract, it is advisable to check the level of service offered, the respa

time, the le
support the

A.2 In-hc

A.2.1 Insfrument log book

It is advisal
details
service
instrum

details

A.2.2 Ger

It is advisa

nce contract is advisable for the following reasons.

e and/or calibration of certain instrument components could be beyond the capability of

ipgrades (software and hardware) are often included in maintenance packages.

[ be possible to obtain spare parts and other consumable items fromsources other than

er.

reditation systems require users to have a maintenance contract.

el of experience and knowledge of service engineers and.the length of time the manufacturer
instrument and provide a source of spare parts and constimables.

buse maintenance

le to maintain an instrument log book-te record the following information:
of service contracts and contaets;

reports;

ent usage (who has-used the instrument and for how long);

of faults and yeplacement of user-serviceable parts.

eral maintenance

ble ‘to follow manufacturer's guidelines regarding maintenance. Failure to comply with {

guidelines

ight invalidate maintenance contracts

The following checks should be carried out periodically:

he

—

the

nse
will

uch

— air filters: Check for overload. Remove and wash/dry or replace if clogged.

— cooling system: Check the filter. Check for loose connections. Check water, antifreeze and fungicide
levels. Check for signs of corrosion around metal couplings. Refer to the manual for
specific details.

— gas lines: Check for loose connections and leaks. Check for kinks in gas lines. Verify and check

26

performance of inline filters and oil traps. Check inlet pressures. Refer to
instrument manual for specific details.

the
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Check for loose connections, kinks and possible leakages in flexible exhaust ducting.

Verify the performance of the ventilation system. Consult a ventilation expert if
necessary. Refer to instrument manual for specific details.

A.2.3 Instrument maintenance

The following instrument checks should be carried out:

peristaltic pump tubing:

Check for depressions and flat spots on tubing daily and/or before analysis.

New tubing will require a breaking-in period. Ensure that suitable
resistant tubing is used. Performance checks can be carried out v

chemically
lumetrically

other tubing:

nebulizer:

spray chamber:

drain system:

waste container:

torch:

autosampler and other sampleiintroduction accessories:

using a graduated cylinder and stopwatch.

Periodically visually check connectors. Check for blockages an

d deposits.

Check for potential kinking and snagging of tubing if it»is “conn¢cted to an

autosampler and associated robotic arm.

Periodically visually check that the nebulizer is notielogged. Check
and couplings between the nebulizer/spray “chamber and
chamber/torch.

Periodically, visually check the spray chamber to ensure that it is clg
the waste is draining efficiently into the waste container.

Periodically check the level of liquid“in the waste container (if not
instrument software). Ensure that the waste flows smoothly into the
the spray chamber. Check for\signs of kinking and deposits in the wj
Ensure that the different-Wastes within one drain are compatib
applications may require ‘different waste systems).

Periodically, visually:check the waste container and empty it befor|
risk of it becoming overfull. If the test solutions contain hydrofluoric
calcium carbonate (CaCO3) or boric acid (H3BO3) in the waste

complex fluoride and carefully check the positioning of the drain tub
spray chamber to ensure that there is no risk of it becoming blocked

Periodically check the components and interfaces with the instrun
the manufacturer's guidelines.

Periodically check the torch and its mounting alignments. Check
tube for accumulated deposits and precipitates. Check the pos
injector tube. Check the quartz torch body for signs of devitrification
build-up of residues if running high matrix/organic solvent samq
o-rings and seals for leakages. Check the spatial alignment of
respect to load coil. Follow the manufacturer's guidelines if i
cleaning and/or replacement is/are required.

o-ring seals
the spray

an and that

checked by
b drain from
aste tubing.
e (different

B there is a
acid, place
container to

ng from the
with solid.

ent. Follow

the injector
tion of the
and also for
les. Check
torch with
jector/torch

torch box:

Periodically check for signs of corrosion or leakage.

RF generator:

spectrometer:

computer:
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Periodically check for signs of corrosion. Likewise check for corrosion in
components of the plasma-initiation system. A service engineer might be
required for specialized checks.

Periodically check and clean/replace purge windows. For certain instruments
the operator might be required to run periodically wavelength calibration
routines. A service engineer might be required for specialized checks.

Periodically back up data files, clean out unwanted files and check network
connections.
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Examples of performance checks and fault diagnostics

B.1 Visual bullet test

This is a si

containing | 000 mg:I-1 or more of an element whose atom emission produces a well-defined “bajlet” in

centre of th

ple test for plasma that can often be performed on a daily basis. The user introduces a(sol(

ICP discharge. The presence of the bullet indicates that sample aerosol is reaching-the plag

tion
the
ma,
ngs

hent
the

e in

Cate

an

hS a
line

while the vertical position of the bullet in the discharge is an indicator of the gas flow and RF)power setf]
being used |(for a radial plasma). Sodium and yttrium are good elements to use for this test

B.2 Signal intensity

The numbdr of emission counts for a given concentration of an element can be used as a quick instrun
diagnostic. [t is usually more useful for trend analysis than as an absoluté indicator of performance sinceg
emission cqunts will vary somewhat from day to day.

B.3 Background equivalent concentration

The background equivalent concentration gives an indication of the relative sensitivity of an emission lin
comparison| with the emission background at the same~wavelength. If higher than normal, this can indi
that there gre problems with the efficiency of the sample introduction system, although there are a numbegr of
other possibble causes.

B.4 Precjsion

The short-term precision obtained. for' repeat measurements of a strong emission line can be used ag
indicator of|the noise associated ‘with sample introduction. The precision for an argon emission line cap be
used as a diagnostic for the RF\géenerator.

B.5 lon-to-atomcratio

The ratio of the. emission intensity of an ion line to the emission intensity of an atom line may be used
diagnostic indicator of the relative excitation conditions in the plasma. The Mg(ll) 280 nm/Mg(l) 285 nm

intensity rati
and viewing height, they can be used to

flow

check that the relative excitation conditions remain unchanged.

Running an analysis under a specific set of conditions is vital if interference correction factors or stored
calibration curves are used in the analysis.

B.6 Wavelength/peak alignment

All dispersive instruments are subject to some degree of drifting and it is therefore important to ensure that the
spectrometer is calibrated properly in terms of wavelength before an analysis. For some instruments, this is
done automatically by the software at the beginning of an analysis.
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Procedure for quality control and identification (QUID) of malfunctions
of inductively coupled plasma atomic emission spectrometers

C.1 Introduction

Users of an ICP system should plan systematic actions to verify that it satisfies requirements for analytical
performance and instrument maintenance. Based on previously published work on ’drift diagnosticsl21],
pragtical resolution measurementsl22]  jonic to atomic line intensity ratio measurements20], scale pf detection
limi{s[23] and figures of merit(24], a procedure has been proposed!12] to evaluate analytical perfprmance, to
conirol the major components of the ICP apparatus and to diagnose any possible_deterioration of the system.
A flow chart corresponding to the procedure, Quality Control and Identification-of Malfunctions, called QUID, is

givgn in Figure C.1.

Initial evaluation
| (manufacturer)

| Control (QUID)

In
control?

( YES

Record
| (control chart)

Action

Identification
malfunctions

Figure C.1 — Flow chart of the QUID procedure
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