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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-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
International [Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by fhe technical committees are circulated to the member bodies for voting.:-Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 30011 was prepared by Technical Committee ISO/TC 146, Air qualityy Subcommittee SC 2, Workplace
atmospheres.
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Introduction

The health of workers in many industries is at risk through exposure by inhalation of 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 taking workplace air
measurements. ISO 30011 has been published in order to make available a method for making valid ultra-

trace
agen

exposure measurements for a wide range of metals and metalloids in use in industry It is intended for:

analyftical laboratories; and industrial users of metals and metalloids and their workers.

ISO ]
work
and 1
plasn

ISO 3
ISO 3
ISO

It has
the re

0011 specifies a method for determination of the mass concentration of metals and
blace air using quadrupole inductively coupled plasma mass spectrometry (ICR-MS). For

5202-2 for procedures for preparing sample solutions for analysis by ICP-MS.

sults obtained, are entrusted to appropriately qualified and experienced people.

Cies concerned with health and safety at work; industrial hygienists and other public health grofessionals;

metalloids in
many metals

hetalloids, analysis by ICP-MS is advantageous when compared to methods,such as inductjvely coupled
na atomic emission spectrometry, due to its sensitivity and the presence of-fewer spectral interferences.

0011 gives requirements and test methods for analysis of sample solutions by ICP-MIS. Users of
0011 are referred to 1SO 15202-1 for collection of samples, ofJairborne particulate matter and to

been assumed in the drafting of ISO 30011 that the execution of its provisions, and the intgrpretation of

© 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD

ISO 30011:2010(E)

Workplace air — Determination of metals and metalloids in
airborne particulate matter by inductively coupled plasma mass
spectrometry

1

This International Standard specifies a procedure for the use of quadrupole inductively,coupled

spec
colle
meth

Test

This
for cd

The
Refe
the

;.

q

cope

rometry (ICP-MS) for analysing test solutions prepared from samples of airborne partig
ted as specified in ISO 15202-1. Method development, performance checks, and a rou
bd are specified.

solutions for analysis by this International Standard are prepared as specified in ISO 15202-

blasma mass
ulate matter
tine analysis

D

nternational Standard is applicable to the assessment of workplace exposure to metals apd metalloids

mparison with limit values (see e.g. EN 689[10] ASTM E137018l),

following is a non-exclusive list of metals and metallojds*for which limit values have b
ence [15]) and for which one or more of the sample preparation methods specified in ISO
nalytical procedure described in this Internationak‘Standard are applicable. However,

ben set (see
15202-2 and
there is no

information available on the effectiveness of any of these sample preparation methods for thgse elements
listed in italics.

aluminium caesium lead platinum tungstgn

antinony chromium fithium potassium uranium

arserjic cobalt magnesium rhodium vanadigym

barium copper manganese selenium yttrium

beryllium gallium mercury silver zinc

bismyth germanium molybdenum sodium zirconiyim

boror hafnium nickel tellurium

cadmtium indium niobium thallium

calciyim iron phosphorus tin

This International Standard is not applicable to determination of elemental mercury, since mercpiry vapour is

not c

bllected 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 | min—! for sampling times in the
range 0,5 h to 8 h and for assessment of exposure against the short-term exposure limits, where applicable.

The procedure is subject to no significant spectral interferences (see A.3), provided that suitable analytical
isotopes are used. However, inadequate matrix-matching can adversely affect results.

©I1SO

2010 — All rights reserved


https://standardsiso.com/api/?name=060dd0a7eb252b88b2f20b62eda8d546

ISO 30011:2010(E)

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 (in

cluding any amendments) applies.

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3585, Borosilicate glass 3.3 — Properties

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

recommendd
ISO 8655-2,
ISO 8655-5,

ISO 8655-6,
measuremen

ISO 15202-1
inductively ¢

ISO 15202-2
inductively ¢

3 Terms

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

3.1 Gene

3141
breathing z(
(general defi

NOTE Ad

3.1.2
breathing zq
(technical de
face, centred

tfons
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 determinati
t error

Workplace air— Determination of metals and metalloids in aifborne particulate matt
bupled plasma atomic emission spectrometry — Part 1: Sampling

—, Workplace air — Determination of metals and metalloids in airborne particulate matf
bupled plasma atomic emission spectrometry — Part 2: Sample preparation

and definitions

al definitions

ne
nition) space around the worker's face from where he or she takes his or her breath

apted from EN 15401/ 2.4 5.
ne

finition) hemisphere (generally accepted to be 0,3 m in radius) extending in front of the h
on thesmidpoint of a line joining the ears; the base of the hemisphere is a plane through this

bn of

br by

er by

iman
line,

the top of thg heady’and the larynx

NOTE1  THedefinitionisnotappticabte-whenrespiratory-protective-eqtipmentis-tsed-
NOTE 2  Adapted from EN 1540:—['1], 2.4 5.

31.3

chemical agent

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

[Council Dire

ctive 98/24/ECI16], Art. 2(a)]

© ISO 2010 — All rights re;
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314
exposure by inhalation
situation in which a chemical agent is present in the air that is inhaled by a person

NOTE Adapted from EN 1540:—11], 2.4 1.

315

occupational exposure limit value

limit of the time-weighted average of the concentration of a chemical agent in the air within the breathing zone
of a worker in relation to a specified reference period

[Counecil-Directive-98/24/ECI6L_Art_2(dY]

EXAMPLES Threshold Limit Values® (TLVs) established by the ACGIH (Reference [15]) and Indicativé Occupational
Expogure Limit Values (IOELVs) promulgated by the European Commission (Council Directive 2006/15/ECI[{"1).

3.1.6
meaguring procedure for the sampling and analysis of chemical agents in air
meagurement procedure for the sampling and analysis of chemical agents in air

set of operations, described specifically, used for the sampling and analysis ©f,chemical agents in| air

NOTH 1 A measuring procedure for the sampling and analysis of chemical agents in air usually includepg the following
steps| preparation for sampling, sampling, transportation and storage, prepatation of samples for analysis anjd analysis.

NOTH?2  Adapted from ISO/IEC Guide 99:2007!l.

3.1.7
referpnce period
specified period of time for which the limit value of a chemical agent applies

NOTH 1 The reference period is usually 8 h for long-term measurements and 15 min for short-term measprements.
NOTH?2  Adapted from EN 1540:—!['1], 2.4.7.

3.1.8
worklplace
defingd area or areas in which thie'work activities are carried out

[EN 1540:—[11], 2.5.2]

3.2 | Analytical definitions

3.21
analysis
all ogerationscarried out after sample preparation to determine the amount or concentration of the analyte(s)
of interest\present in the sample

NOTE Adapted from EN 14902:2005!13], 3.1.1.

3.2.2

blank solution

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

NOTE 1 A blank solution might need to be subjected to further operations, such as 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.

NOTE 2  Adapted from EN 14902:2005!13], 3.1.2.

© 1SO 2010 — All rights reserved 3
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3.23

calibration blank solution
calibration solution prepared without the addition of any stock standard solution or working standard solution

NOTE 1
NOTE 2

3.24

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

Adapted from EN 14902:2005["31, 3.1.3.

calibration curve
plot of instrument response versus concentration of standards

NOTE Ag

3.2.5

calibration golution

solution pref
analyte(s) of

NOTE1 TH

NOTE 2  Ad
3.2.6

field blank
sampling me
for sampling
laboratory fo

3.2.7

instrumentall detection limit

IDL
lowest conc
generated by

NOTE TH
same calculati

3.2.8

laboratory hlank

media blank

unused sampling mediumtaken from the same batch used for sampling, that does not leave the laboratg

3.29
linear dynan
range of con

apted from United States Environmental Protection Agency (Reference [18]).

ared by dilution of the stock standard solution(s) or working standard solution(s), containin
interest at a concentration(s) that is suitable for use in calibration of the analytical instrumen

e matrix-matching technique is normally used when preparing calibration solutions:

apted from EN 14902:2005[13], 3.1.4.

dium that is taken through the same handling procedufe.as a sample, except that it is not
i.e. it is loaded into a sampler, transported to the;sampling site and then returned t
analysis

pntration at which the instrumentation: can distinguish analyte content from the backg
a minimal matrix

e IDL can be determined from<blank, acidified, deionized, or ultrapure water as the matrix and froj
on methods used to determine a)method detection limit.

hic range
centrations over which the calibration curve for an analyte is linear

g the

used
b the

ound

m the

NOTE

3.2.10

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

method detection limit

MDL

minimum concentration of an analyte that can be reported with 99 % confidence that the value is above zero

3.2.11

quantification limit
quantitation limit

QL

minimum concentration of an analyte that can be measured with acceptable precision

© 1SO 2010 — All rights reserved
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3.2.12

reagent blank

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

NOTE The reagent blank is used to assess contamination from the laboratory environment and to characterize
spectral background from the reagents used in sample preparation.

3.213

sample dissolution
process of obtaining a solution containing all analytes of interest from a sample, which might or might not
involye r‘nmlnlptp dissolution of the Qamplp

NOTH Adapted from EN 14902:2005["3], 3.1.25.

3.21

samrle preparation
all operations carried out on a sample after transportation and storage to prepare it for analysis, including
transformation of the sample into a measurable state, where necessary

NOTH Adapted from EN 14902:2005["3], 3.1.24.

3.2.1p
sample solution
solution prepared from a sample by the process of sample dissglution

NOTH 1 A sample solution might need to be subjected to further operations, e.g. dilution or addition|of an internal
standprd(s), in order to produce a test solution.

NOTH 2  Adapted from EN 14902:2005!13], 3.1.22.

3.2.1p
sampling medium

sampgling substrate

colleg¢tion medium

collegtion substrate

medipym on which airborne chemical or biological agents are collected for subsequent analysis

EXAMPLES Filters and polyurethane foams.
3.21y

spiked media blank
medig blank that\is-spiked with a known amount of the analyte(s) of interest

3.21

stock standard solution
solutjon_used for preparation of working standard solutions or calibration solutions, containing the|analyte(s) of
interest at a certified concentration(s) traceable to national standards

NOTE Adapted from EN 14902:2005["3], 3.1.26.

3.2.19

test solution

blank solution or sample solution that has been subjected to all operations required to bring it into a state in
which it is ready for analysis

NOTE 1 “Ready for analysis” includes any required dilution or addition of an internal standard. If a blank solution or
sample solution is not subject to any further operations before analysis, it is a test solution.

NOTE 2  Adapted from EN 14902:2005!'3], 3.1.30.

© 1SO 2010 — All rights reserved 5
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3.2.20

working standard solution
solution, prepared by dilution of the stock standard solution(s), that contains the analyte(s) of interest at a
concentration(s) better suited for preparation of calibration solutions than the concentration(s) of the analyte(s)
in the stock standard solution(s)

NOTE Adapted from EN 14902:2005!13!, 3.1.32.
3.3 ICP-MS definitions
3.3.1

collision cell

chamber in
acceleration
NOTE Sq

3.3.2

he ion path between mass-to-charge ratio (m/z) separation elements, or between ion“s
Fegion and the first analyser, in tandem mass spectrometry in space configurations

e Reference [19].

collision redction cell

collision cell

NOTE1  S¢

NOTE 2 C
remove interfe

3.3.3

corrosion-r
sample intro
to corrosion

3.34
ICP torch
device used

NOTE An
3.35
inductively
ICP
high-temperd
frequency (R

3.3.6
injector
injector tube

for removal of interfering ions by ion/neutral reactions in ICP-MS
e Reference [20].
llision reaction cells make use of kinetic energy dispersion, reaction chemistry or a combination of b

ring species. A variety of reaction chemistry techniques are available.

sistant sample introduction system
uction system that features a nebulizer, spray.€hamber and torch injector tube that are res
by hydrofluoric acid

o support and introduce sample into’an ICP discharge

ICP torch usually consists of thtee concentric tubes, the outer two usually made from quartz.

coupled plasma

ture discharge{generated in flowing argon by an alternating magnetic field induced by a
F) load coil thatsurrounds the tube carrying the gas

pburce

bth, to

stant

radio

centre tube

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

NOTE

3.3.7
inner argon
nebulizer arg

The injector is usually made of quartz, ceramic material or platinum.

flow
on flow

sample 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 flow rate is typically 0,5 I min~'to 2 | min~".

© 1SO 2010 — All rights reserved
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intermediate argon flow

auxili

ary argon flow

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

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

3.3.9

internal standard
non-analyte element, present in all solutions analysed, the signal from which is used to correct for matrix

interf

3.31
load
lengt
gene

3.3.1
matr
matri

erences or improve analytical precision

D
coil

n of metal tubing wound around the end of an ICP torch and connected to the radio fre
rator, used to inductively couple energy from the RF generator to the plasma discharge

n
X interference
k effect

non-gpectral interference

interf]
solut

3.3.1
matr

ons

P
x-matching

techrlique used to minimize the effect of matrix interferences on the analytical results,
preparation of calibration solutions in which the concentrations of acids and other major solvents
are mpatched with those in the test solutions

3.3.1

B

nebulizer
devide used to create an aerosol from a liguid

3.3.14

oute

argon flow

plasma argon flow

coolgnt argon flow

flow ¢f argon gas that is contained between the outer and intermediate tubes of an ICP torch
NOTH The outer argon flow rate is typically 7 | min—" to 15 | min~".

3.3.1F

spectral interference

isobgric interference caused by a species other than the analyte of interest

quency (RF)

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

nvolving the
and solutes

of an atomic

interference is 4°Ar* on 40Ca*. An example of a polyatomlc interference is 40Ar160+ on 56Fe An example of a doubly

charg

3.3.1

ed ion interference is 48Ti2* on 24Mg* (Reference [21]).

6

spray chamber
device placed between a nebulizer and an inductively coupled plasma torch whose function is to separate out
aerosol droplets in accordance with their size, so that only very fine droplets pass into the plasma and large

dropl

©I1SO

ets are drained or pumped to waste
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3.3.17
tuning

analysis of a solution containing a range of isotopic masses to establish ICP-MS mass-scale accuracy, mass
resolution, signal intensity and precision prior to calibration

NOTE

3.4 Statis

3.41

See Reference [18].

tical definitions

analytical recovery

ratio of the

NOTE TH
[EN 1540:—]
3.4.2
bias

difference be

NOTE 1 Bi
components ¢

NOTE2  Th
appropriate ny
a true value of

NOTE3 In

[ISO 3534-2:

NOTE 4 In
reference vall
atmosphere o

343
coverage fa
k

numerical fa
uncertainty

NOTE A
[ISO/IEC Gu

3.44

ass or analyte measured In a sample 1o the Known mass or analyte In that sample
e analytical recovery is usually given as a percentage.

111 5.1.1]

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

bs is the total systematic error as contrasted to random error. There miay be one or more systematiq
bntributing to the bias. A larger systematic difference from the true valug is reflected by a larger bias v4

e bias of a measuring instrument is normally estimated by .averaging the error of indication oy
mber of repeated measurements. The error of indication is the *indication of a measuring instrument
the corresponding input quantity”.

practice, the accepted reference value is substituted forthe true value.
006!, 3.3.2]

the case of measurement procedures for the sampling and analysis of chemical agents in air, the acq
e can be, for example, the certified/value of a reference material, the concentration of a standarn
the target value of an interlaboratory comparison.

Ctor

ctor used as a mulfiplier of the combined standard uncertainty in order to obtain an expa

Coverage factor k, is typically in the range from 2 to 3.

de 98-3:2008(3]]

error
lue.

er an
minus

epted
d test

nded

combined s

Ug

andard uncertainty

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

[ISO/IEC Guide 98-3:200813]]

© 1SO 2010 — All rights reserved
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expanded uncertainty
quantity defining an interval about the result of a measurement, expected to encompass a large fraction of the
distribution of values that could reasonably be attributed to the measurand

[1ISO/

3.4.6
preci

IEC Guide 98-3:2008[3]]

sion

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

NOT

specit

NOTE
of the

NOTEH
repro

[ISO

3.4.7
true

valug
exist

NOTE

known exactly.

[1ISO

3.4.8

uncertainty (of measurement)

parar
could

NOTE
confid

NOTE

T ToCTroomT— G Pt

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

3 Quantitative measures of precision depend critically on the stipulated conditions.)Repeatability
Hucibility conditions are particular sets of extreme stipulated conditions.

3534-2:2006(1], 3.3.4]
yalue
which characterizes a quantity or quantitative characteristic perfectly defined in the con

when that quantity or quantitative characteristic is considered

The true value of a quantity or quantitative characteristic is a theoretical concept and, in gene

3534-2:2006("], 3.2.5]

heter associated with the result of-a measurement that characterizes the dispersion of th
reasonably be attributed to thé.measurand

1 The parameter may (be, for example, a standard deviation (or a given multiple of it), or t
ence interval.

2 Uncertainty of-measurement comprises, in general, many components. Some of these compd

4 Dracicion danandce anhy an tha dicteibhiibinn of rondam areare and donc ot ealota o tha teiio Value or the
ooy Ot C—Grotro ot O O ot GoOm— S oro—arnta—GoCoToT—TerotC—O—mC—ro

dard deviation

Conditions and

ditions which

ral, cannot be

e values that

he width of a

nents may be

evalugted from the statistical distribution of the results of a series of measurements, and can be characterizéd by standard

devia
proba
caseg

NOTE

ions. The other/eomponents, which also can be characterized by standard deviations, are evaluated
bility distributiohs based on experience or other information. The ISO/IEC Guide 98-3:2008! refers to
as Type“Asand Type B evaluations of uncertainty, respectively.

3.7\ Adapted from the ISO/IEC Guide 99:20074].

from assumed
these different

©I1SO
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4 Principle

4.1 Airborne particles containing metals and metalloids are collected using the method specified in
ISO 15202-1.

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

4.3 The resultant solutions are analysed for the metals and metalloids of interest using quadrupole ICP-MS.

5 Requirements
The measurihg procedure as a whole (specified in ISO 15202-1, ISO 15202-2 and this International-Stanidard)

shall comply|with any relevant International, European or National Standard, e.g. EN 4820° and-EN 13890('2],
which specifies performance requirements for measuring chemical agents in workplace air.

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

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

6.2 Mineral acids, concentrated.

6.2.1 General. Various types of mineral acid (6.2.2 to 6.2;6) are required for preparation of matrix-majched
calibration sqlutions (see 6.4.2).

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

Mineral acidg of higher purity may be required in_order to obtain adequate detection limits for some metalp and
metalloids, e|g. beryllium.

6.2.2  Nitric acid, concentrated, pyo;= 1.42 9 ml-1, WHNO; = 70 % mass fraction.

WARNING —+ Concentrated nitric acid is corrosive and oxidizing and nitric acid fumes are irrjtant.
Avoid exposure by contact(with the skin or eyes, or by inhalation of fumes. Use suitable personal
protective eguipment (including suitable gloves, face shield or safety glasses, etc.) when working with
concentrated or dilute nitric acid.

6.2.3 Perdhloric acid, concentrated, pyci0, ~ 1,67 g mi-1, Whclo, = 70 % mass fraction.

WARNING —+-Concentrated perchloric acid is corrosive and oxidizing and perchloric acid fume
irritant. Avoi i i ; i i ; able
personal protective equipment (including suitable gloves, face shield or safety glasses, etc.) when
working with concentrated or dilute perchloric acid. For safety reasons, use perchloric acid in limited

quantities.

For analysis of metals and metalloids that are subject to interference from polyatomic ions containing chlorine,
the use of perchloric acid is not recommended unless a collision reaction cell is used.

6.2.4 Hydrochloric acid, concentrated, pyc; = 1,18 g ml=1, wyq = 36 % mass fraction.
WARNING — Concentrated hydrochloric acid is corrosive and oxidizing and hydrochloric acid fumes

are irritant. Avoid exposure by contact with the skin or eyes, or by inhalation of fumes. Use suitable
personal protective equipment (including suitable gloves, face shield or safety glasses, etc.) when
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https://standardsiso.com/api/?name=060dd0a7eb252b88b2f20b62eda8d546

ISO 30011:2010(E)

working with concentrated or dilute hydrochloric acid. Handle open vessels containing concentrated
hydrochloric acid under a fume hood. The vapour pressure of hydrochloric acid is high; therefore
beware of pressure build-up in stoppered flasks when preparing mixtures of hydrochloric acid and
water.

For analysis of metals and metalloids that are subject to interference from polyatomic ions containing chlorine,
the use of hydrochloric acid is not recommended unless a collision reaction cell is used.

6.2.5 Sulfuric acid, concentrated, p;,50, ~ 1.84 ¢ mi-1, WH,s0, = 98 % mass fraction.

WARNING — Concentrated sulfurlc acid is corrosive and causes burns Av0|d exposure by contact
with the—skin—e H e—person : S S et dine ble—gloves, face
or safety glasses, etc.) when working with concentrated or dilute sulfurlc aC|d Exercise great
on when diluting sulfuric acid with water, since this process is very exothermic.(Do' npt add water
to sulfuric acid, since it reacts violently when mixed in this manner. Prepare mixtures by adding
sulfuric acid to water.

For gnalysis of metals and metalloids that are subject to interference from polyatomic ions containing sulfur,
the upe of sulfuric acid is not recommended unless a collision reaction cell is used.

6.2.6| Hydrofluoric acid, concentrated, pyr = 1,16 g mI=!, wy = 48 % mass fraction.

WARNING — Concentrated hydrofluoric acid is very toxic in<«ontact with the skin and if inhaled or
swallowed. It is corrosive and causes severe burns. Take extreme care when using hydrdfluoric acid.
Avoid contact with the skin or eyes, or inhalation of the vapour. It is ESSENTIAL that suitable personal
protactive equipment (including suitable gloves, face\.'shield, etc.) is used when v:]:)rking with

concentrated or dilute hydrofluoric acid. Handle opencvessels containing concentrated hydrofluoric
acid lunder a fume hood. Ensure that the nature ‘and seriousness of hydrofluoric agid burns is
unddrstood before commencing work with this:'substance. Carry hydrofluoric acid purn cream
(containing calcium gluconate) at all times\while working with hydrofluoric acid ahd for 24 h
afteryards. Apply the cream to any contaminated skin, after washing the affected area wWith copious
amouints of water. Obtain medical advice.immediately in case of an accident.

NOTH The burning sensation associated with many concentrated acid burns is not immediately apparent on
expodure to hydrofluoric acid and might not be felt for several hours. Relatively dilute solutions of hydroffuoric acid can
also e absorbed through the skin, with-serious effects similar to those resulting from exposure to the concentrated acid.

WheI using hydrofluoric acid, itis recommended that a pair of disposable gloves be worn underneath suitable
rubbgr gloves to provide added protection for the hands.

For analysis of metalssand metalloids that are subject to interference from polyatomic ions containing fluorine,
the uge of hydrofludric’acid is not recommended unless a collision reaction cell is used.

6.3 | Stock standard solutions, for preparation of calibration solutions.

6.3.1| ,-Use commercial single-element or multi-element standard solutions with certified c¢ncentrations
traceﬂMm&amhMmmﬂ&mﬂmMMm&MaM&Is used shall

include all the metals and metalloids of interest at a suitable concentration. Observe the manufacturer's
expiration date or recommended shelf life.

NOTE Commercially available stock standard solutions for metals and metalloids have nominal concentrations of
100 mg I-" to 10 000 mg I-" for single element standards and 10 mg =" to 1 000 mg I~ for multi-element standards.

6.3.2 Alternatively, prepare stock standard solutions from high-purity metals and metalloids 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. Store in a suitable container, e.g. a polypropylene bottle (7.5). The
maximum recommended shelf life is 1 year from date of initial preparation.
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6.4 Working standard solutions and calibration solutions.

6.4.1 Prepare a working standard solution or solutions, if desired, to include all the metals and metalloids of
interest at suitable concentrations. Accurately pipette an appropriate volume of each single-element stock
standard solution, or of multi-element stock standard solution (6.3), into a labelled, one-mark volumetric flask
(7.1). Add an appropriate volume of a suitable mineral acid (6.2) to ensure analyte stability. Dilute almost to
the mark with water (6.1), stopper, and swirl to mix. Allow to cool to room temperature, make up to the mark
with water, stopper, and mix thoroughly.

Analytes that are grouped together in working standard solutions should be chosen carefully to ensure
chemical compatibility and to avoid spectral interferences. The type and volume of each acid added should be

selected cargfully-to-ensure-anabtestability

6.4.2 From the working standard solutions, prepare a set of calibration solutions, covering the,range of
concentrations for each of the metals and metalloids of interest, typically between 1 ug I-" and 100.ug I-]. It is
recommenddgd that a minimum of three calibration solutions be prepared. Also prepare a galibration plank
solution (seq 3.2.2). For each set of calibration solutions, accurately pipette appropriate volumes of wqrking
standard solution (6.4.1) or stock standard solution (6.3), into individual, labelled}~~100 ml voluretric
flasks (7.1). Add reagents, as required (see the next two paragraphs), to match the calibration solutiong with
that of the tgst solutions (see 8.2.10.1). Dilute almost to the mark with water (6.1)Cstopper, and swirl tq mix.
Allow to coo] to room temperature, make up to the mark with water, stopper, and mix thoroughly. Prépare
fresh calibrafion solutions daily.

The type(s) gdnd 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 fqr test
solutions prgpared in accordance with the various sample dissolution methods specified in ISO 15202-2.
However, it i§ also necessary to take into account the contribution to the overall acid concentration from jacids
present in the stock standard solution(s) used to prepare the calibration solutions.

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

Reagents required to prepare matrix-matched

Sample dissolution method calibration solutions

ISO 15202-2:}—, Annex B 10 ml of nitric acid (6.2.2)

ISO 15202-2:}—, Annex C 4 ml of nitric acid (6.2.2) and 20 ml of hydrochloric acid (6.2.4)

ISO 15202-2:}—, Annex D 20 ml of nitric acid (6.2.2)

ISO 15202-2:}—, Annex E 4 ml of sulfuric acid (6.2.5) and 20 ml of hydrochloric acid (6.2.4)
ISO 15202-2:}—, Annex F 4 ml of perchloric acid (6.2.3) and 20 ml of hydrochloric acid (6.2.4)
ISO 15202-2:}—, Annex G (G%6.1) 20 ml of nitric acid (6.2.2)

ISO 15202-2:}—, Annex G/(G.6.1, G.6.5) 20 ml of nitric acid (6.2.2) and 20 ml of hydrochloric acid (6.2.4)
ISO 15202-2:}—, Annex G (G.6.2) 16 ml of nitric acid (6.2.2) and 4 ml of perchloric acid (6.2.3)

16 ml of nitric acid (6.2.2), 4 ml of perchloric acid (6.2.3) and 20 m|l of
hydrochloric acid (6.2.4)

20 ml of nitric acid (6.2.2) or
16 ml of nitric acid (6.2.2) and 4 ml of perchloric acid (6.2.3)

20 ml of nitric acid (6.2.2) and 20 ml of hydrochloric acid (6.2.4) or
ISO 15202-2:—, Annex G (G.6.3, G.6.5) 16 ml of nitric acid (6.2.2), 4 ml of perchloric acid (6.2.3) and
20 ml of hydrochloric acid (6.2.4)

ISO 15202-2:—Arnex-6+6-6-2-6-6-5)

ISO 15202-2:—, Annex G (G.6.3)

The calibration solutions also need to be matrix-matched with respect to hydrofluoric acid if the test solutions
are prepared from samples collected on quartz fibre filters using a sample dissolution method that uses
hydrofluoric acid. In general, matrix-matching with hydrofluoric acid is best avoided (see Warning notice
in 6.2.6), but it is necessary in cases where its action on quartz fibre filters results in high concentrations of
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silicon (and possibly other elements, such as aluminium, calcium, and sodium) in the test solutions. The
calibration solutions therefore need to be prepared by addition of appropriate volumes of working standard
solution (6.4.1) or stock standard solution(s) (6.3) to unused quartz fibre filters carried through the sample
dissolution method described in the relevant annex of ISO 15202-2. Under such circumstances, plastic
volumetric labware compatible with hydrofluoric acid and a corrosion-resistant sample introduction system
have to be used.

6.5 Internal standard stock solutions.

6.5.1 Use a commercially available single-element standard solution or solutions. The standard solution(s)
shall include the element(s) to be used as internal standard(s) at a suitable concentration and the matrix of the
single-element—standard—selstonisused—feraddiien—efinternalstandard(s—shalbe—<compaiible with the

metals and metalloids of interest. See 8.2.11 for selection of internal standard elements.

6.5.2| Alternatively, prepare single-element stock standard solution(s) from high purity metals o1 their salts.

6.6 | Argon, suitable for use in ICP-MS.

7 Laboratory apparatus

Usua| laboratory equipment and in particular the following.
7.1 | One-mark volumetric flasks, of capacities between 50 ml and 1 000 ml, complying with the
requirements of ISO 1042 class A, made of borosilicate (glass 3.3 complying with the requirements of
ISO 3585, cleaned before use by soaking in nitric acid,~diluted 1 + 9, for at least 24 h and then rinsed
thoroughly with water (6.1).
7.2 | Disposable tubes, plastic, compatible with the /autosampler tube racks of the ICP-MS instrument.

NOTH See 8.2.9 for guidance on the use of tubes'to minimize the potential for wall losses and contamination.

7.3 | Piston-operated volumetric instruments, complying with the requirements of ISO 865511 and tested
in acpordance with 1ISO 8655-6, including pipettors, complying with the requirements of ISO 8§55-2, for the
preparation of standard solutions, calibration solutions and dilution of sample test solutions; and|dispensers,
complying with the requirements(of 1SO 8655-5, for dispensing acids.

7.4 | Disposable gloves(impermeable and powder-free, to avoid the possibility of contamiration and to
protect them from contactwith toxic and corrosive substances. PVC gloves are suitable.

7.5 | Polypropylene bottle, low density, with leakproof screw cap.

A boltle madefof an alternative plastic can be used provided that it is suitable for the intended uge (see 6.3.2
and 6.4.1).

7.6 | Quadrupole inductively coupled plasma mass spectrometer, computer-controlled, equ|pped with an
autosampler that preferably has a flowing rinse.

8 Procedure

8.1 Preparation of sample solutions

Prepare sample solutions for analysis under this International Standard using one of the sample dissolution
methods specified in ISO 15202-2.

It may be necessary to use reagents of higher purities than those specified in ISO 15202-2 in order to obtain
adequate detection limits for some metals and metalloids.
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8.2 Method development

8.21 General

Develop and validate a method for analysis of sample solutions prepared as specified in ISO 15202-2 that is
suitable for use with the available ICP-MS instrument(s). Use the default instrument conditions given by the
manufacturer as a starting point in the method development process. Refer to guidance on ICP-MS method
development available in standard texts, manuals provided by instrument manufacturers and International,

European or

NOTE
instruments. F
Each of thess
principles that
are only applig

8.2.2
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Annex A for
consider the
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consider altd
available).

The use of a
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National Standards.

ICP-MS analysis of test solutions prepared from workplace air samples is applicable to a wide range of

r nv:mpln, ICP-MS cyefome canbe nquippnd with-a collision reaction r\nll, of which there are several

different types of instruments needs to be set up and operated in a different manner. There are
apply to the development of methods for all ICP-MS instruments, but there are also many paramete
able to particular instruments.
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ration to the significance of any known interferences in the context of the-measurement task
nformation). For each potentially useful mass-to-charge ratio, refer topublished informatio
relationship between the magnitude of interferences and the relative limit values of the eler
ned. If the sum of all potential interferences is greater than 0,1 timesythe limit value of the ar
rnatives, such as an alternative mass-to-charge ratio or usés of a collision reaction ¢

collision reaction cell can eliminate many isobaric, elemeéntal or polyatomic interferences 4
typically preferable to the use of alternative mass-to-charge ratios that might not be as sen
y mass-to-charge ratio for the analyte of interest.

8.2.3 Sample introduction system
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e type of sample introduction system to Use. Take into consideration the required sensitivit
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owever, they can beless corrosion-resistant. Nevertheless, the use of a high-efficiency neb
hic nebulizer may-be beneficial when low quantification limits are required, e.g. if measurer
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r /more anaIyt|caI mass(es) on which to make measurements for each metal and metallg
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achieved under optimal conditions (References [22] to [25]). Take into conS|derat|on the relative abundance of
the metal or metalloid at the selected mass(es), the required quantification limits and interferences that could
be significant at each candidate mass. Ordinarily, the most sensitive mass will be the most favourable, but it is
necessary to avoid the use of masses on which there is potential interference.

NOTE The use of multiple masses, with appropriate use of spectral fitting software available on most ICP-MS
systems, can be used to overcome many spectral overlaps or other interferences.
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Table 2 — Recommended analytical isotope(s) and typical instrumental detection limits

(References [22] to [25])

Typical instrumental detection limits®

Element Recommended analytical isotope(s)? ug mi-!
Aluminium 27 0,000 6 to 0,027
Antimony 121,123 0,000 2 to 0,000 9
Arsenic 75 0,000 6 to 0,02
Barium 135, 137, 138 0,000 02 to 0,003
Beryllium 9 0,000 1 to 0,003
Bis ith & n,nnn 04 to n,nnq
Borop 10, 11 0,001 to 0,003
Cadrmium 106, 108, 111, 114 0,000 09 to 0,000 9
Caedium 133 0,000 01 to 0,000 3
Calcium 43,44 0,0002to 1,5
Chromium 52, 53 0,000 2 to 0,013
Cobaglt 59 0,000 08 to 0,002
Copper 63, 65 0,000 1 to 0,003
Galligm 69, 71 0,000 2 to 0,000 4
Germpanium 72,74 0,000 3 to 0,002
Hafn|um 178 0,000 1 to 0,000 8
Indium 115 0,000 01 to 0,000 7
Iron 56, 57 0,000 3 to 0,46
Lead 206, 207, 208 0,000 04 to 0,000 6
Lithiym 6,7 0,000 09 to 0,004
Magnesium 24, 25 0,000 07 to 0,120
Manganese 55 0,000 07 to 0,005
Merclury 199, 201, 202 0,000 1 to 0,016
Molybdenum 95,098 0,000 1 to 0,002
Nickel 58, 60 0,000 4 to 0,1
Niobjum 93 0,000 01 to 0,000 6
Phogphorus 31 0,1t00,5
Platipum 195 0,000 05 to 0,002
Potagsium 39 0,000 2 to 3,0
Rhodium 103 0,000 01 to 0,000 2
Selefnium 77,82 0,0007to 0,4
Silvef 107, 109 0,000 05 to 0,002
Sodifim 23 0,000 3to 2
Tellufium 125, 126 0,000 1 to 0,000 8
Thalljum 203, 205 0,000 04 to 0,000 4
Tin 118, 120 0,000 2 to 0,005
Tungsten 182, 184 0,000 2 to 0,005
Uranium 238 0,000 01 to 0,000 1
Vanadium 51 0,000 2 to 0,003
Yttrium 89 0,000 02 to 0,000 2
Zinc 64, 66, 68 0,000 1 to 0,018
Zirconium 90 0,000 03 to 0,000 3

a
documented.
b

Isotopes recommended for analytical determination are underlined. Other masses can be used, but interferences shall be

Instrument detection limits were based on three-standard-deviation data. Parameters such as the use of a clean room, the
presence of a collision/reaction cell and the mode in which that system was used (e.g. no gas, collision gas, reaction gas, or both), the
type of cone used (Ni or Pt), vary widely. See individual references for additional details.

© 1SO 2010 — All rights reserved
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8.2.5 Plasma conditions

8.2.5.1 Gas flows

Under normal conditions, use the default gas flows recommended by the instrument manufacturer for inner,
intermediate, and outer argon flows. However, if desired, the nebulizer (inner) argon flow can be optimized for
specific applications.

NOTE 1 The nebulizer argon flow can be critical because it largely determines the residence time of the analyte in the
plasma. The longer the residence time, the greater the likelihood of the analyte being atomized, excited, and ionized. In
ICP-MS, |on|zat|on rather than ex0|tat|on is deswed The approprlate re3|dence time for each analyte depends on its
ionization poten y :

flow rates can|cause nebullzer eff|C|ency to drop off S|gn|f|cantly

NOTE 2  THe nebulizer argon flow is not always equal to the inner argon flow.

8.2.5.2 Radio-frequency power

Under normal circumstances, use the default RF power recommended by the instrument manufagturer.
However, thg RF power can be optimized for specific applications.

NOTE THe RF power applied to the plasma can be optimized in accordance with’the-nature of the analyte. Thel more
RF power that is applied to the plasma, the hotter it gets. For analytes that require\more energy for ionization, a higher
power can provide greater sensitivity. For analytes with low ionization potential) ‘a lower power could provide greater
sensitivity.

8.2.5.3 Sgmpling depth
This refers [to the distance of the sampling cone from:the top turn of the load coil, in millimetres
(Reference [R6]). Under normal circumstances, use the- default sampling depth recommended by the

instrument manufacturer. However, the sampling depth(©an be optimized for specific applications.

NOTE In general, at constant power and nebulizer gas flow rate, an increase in sampling depth reduces the ion fount.
See Reference [22].

8.2.6 Instrument operating parameters

Refer to the|instrument manufacturer's instructions and determine the optimum settings for other relpvant
instrument operating parameters(e;g. detector power, integration time, and number of integrations.

8.2.7 Sample introduction.rate

Under normal circunistances, use the sample uptake rate recommended by the nebulizer manufagturer.
However, the¢ uptake rate can be optimized to achieve a suitable compromise between signal intensity and
uptake rate.

8.2.8 Sample wash-out parameters

Use a suitable wash-out solution, wash-out time, wash-out rate, and read delay. Conduct tests to ensure that
there is no significant carryover of analyte between measurements.

8.2.9 Minimization of wall losses and contamination
When developing the analytical method, take steps to minimize the potential for loss of analyte by sorption on

the walls of containers used to store calibration and test solutions, and the potential for contamination from
reagents and labware. More specific details are given in the next two paragraphs.
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Minimize the potential for wall losses by using containers that are made from a suitably inert material (e.g.
polypropylene, polyethylene or polytetrafluoroethylene) and by ensuring that the acid concentration of

calib

NOTE

ration and test solutions is sufficiently high that analyte loss does not occur.

container is made and its roughness, the acidity of solution and the analyte concentration.

The extent to which sorption of analyte on container walls occurs is determined by the material from which the

Minimize the potential for contamination of calibration and test solutions from reagents and labware by:

a) cleaning reusable labware (including caps) before use;

entative batch of the labware concerned that has been tested and™d
ave a sufficiently low trace metal blank;
avoiding the use of phosphate-based detergents when cleaning labware;

ﬂinsing disposable plastic labware, such as micropipette tips and autosampler tubes, with
efore use, where possible;

dsing only ultra-pure reagents;
Using only powder-free acid-resistant gloves;

g
particles.

8.2.1p Calibration solutions

8.2.1p.1 Matrix matching

Matc

calib

fation solutions containing hydrofluoric*acid (see Warning notice in 6.2.6).

If the test solutions prepared accerding to 1ISO 15202-2 contain hydrofluoric acid, an equal corj
nitric|acid can be substituted_for) hydrofluoric acid when preparing the calibration solutions.

exce

be prepared in volumetric glagssware.

8.2.1p.2 Calibrationyrange

Carry out experiments to determine the linear dynamic range for each of the selected analyt
intenfled operating conditions. Then select a range of analyte concentrations over which to

calib

If m

ation‘selutions.

metal blank
etermined to

test solution

arrying out sample preparation and analysis in an environment that is as free as possible from airborne

h the matrix of the calibration solutions with that of the test solutions, but if possible avid preparing

centration of
With limited

btions (see 6.4.2), this has an insignificant effect on results, is safer and enables calibration solutions to

bs under the
prepare the

selecting the range of concentrations to be covered.

8.2.10.3 Storage of calibration solutions

ideration when

Prepare fresh calibration solutions daily or store for a maximum time period determined from the results of
stability experiments.

NOTE

the n

ature of the storage vessel, and the storage conditions.
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8.2.11 Selection of internal standards

Select an appropriate number and combination of internal standards to correct for instrument drift, physical
interferences, and changes in ion transport efficiency within the ICP-MS instrument. For full mass range scans,
use a minimum of three internal standards, with the use of five internal standards recommended. Ensure that
the selected internal standard elements are suitable for the intended purpose, exhibit adequate sensitivity and
are chemically compatible with the test solution matrix (i.e. they do not cause precipitation). Refer to Table 3
for a non-exclusive list of appropriate internal standards and limitations on the use of each.

The selected internal standard element(s) should not be present in the test sample at a level at which they
adversely affect the test results.

Internal stanflards can be used to correct for changes in nebulizer efficiency that can occur during,anglysis.
While internal standards can also be used to correct for transport interferences that arise from\a matrix
mismatch begtween the calibration and test solutions, matching the matrix of the calibration and test solytions
is generally preferable for that purpose.

Table 3 — Internal standards and limitations of use

Internal standard Mass No. Possible limitation
Lithium 7 Can be present in samples
Scandium 45 Polyatomic ion interference;'can be present in samples
Yttrium 89 Can be present in samples
Rhodium 103 —
Indium 115 Isebaric interference by tin
Terbium 159 —
Holmium 165 —
Lutetium 175 —
Platinum 195 —
Bismuth 209 Can be present in samples

8.3 Instrument performance-checks

8.3.1 Visual inspection

Perform regplar visualychecks to ensure that the instrument and ancillaries are in good order Hefore
commencing|work. Follow the instrument manufacturer's recommendations.

Further guidanee is given in Annex B.

8.3.2 Performance checks and fault diagnostics
Carry out performance checks daily to verify that the instrument is operating in accordance with specifications.

Use more rigorous fault diagnostics if it is suspected that the instrument is not functioning properly. Follow the
instrument manufacturer's recommendations.

8.4 Routine analysis
WARNING — Use suitable personal protective equipment (including suitable gloves, face shield or

safety glasses, etc.) when working with concentrated or dilute acids. Refer to the Warning notices
in 6.2.
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8.4.1 Dilution of sample solutions

Perform any required dilution of sample solutions prior to or in conjunction with addition of internal standards.

8.4.2 Addition of internal standards

Add the same concentration of internal standards to all solutions to be measured (i.e. calibration solutions,
blank solutions, sample solutions, and quality control solutions).

NOTE Internal standards can be added by pipetting a known volume of stock standard solution into a known volume
of each solution to be measured, or by pipetting a known volume of stock standard solution into each sample vial prior to
addingthetest-sofutiom—Attermativety,the—sotutiomtobemeasured—and—=a—sotutiormrcontaimmg-intermat-stamdards can be
mixed during sample introduction using a two-channel peristaltic pump, T-piece and mixing coil.

8.4.3| Determination of mercury

If mefcury is to be determined, add a solution of gold in 2 % volume fraction aqueaus-HCI to all splutions to be
meagured, such that the final gold concentration in the solutions is 100 pg I-1. Allow solutions t¢ stand for at
least|1 h prior to analysis.

Gold|solution in HCI is used to minimize memory effects when mercufy is an analyte of interest. Care is
needepd to ensure that the final HCI content in the solutions do€s not cause precipitation|of elements
incompatible with HCI, such as silver.

The Use of platinum cones can be necessary for determination ‘of low levels of mercury.

8.4.4| Setting up the instrument

Set Up the ICP-MS instrument (7.6) in accordance-Wwith the method developed as specified previously; follow
the manufacturer's instructions. Allow the instrument to warm up; typical warm-up times are 30 njin to 60 min.
It is gdvisable to aspirate reagent blank solution.into the plasma during the warm-up period.

8.4.5| Analysis

8.4.5/1 Aspirate the calibratioh-solutions into the plasma in order of increasing concentratipn and make
meagurements for each solution:

8.4.5|2 Generate a ealibration function for the metals and metalloids of interest, preferably using linear
regrelssion via the instrument's computer. Repeat the calibration if the coefficient of determinatiof, R2, for any
of theg elements of interest is < 0,995.

If R2 k 0,995, it-might be possible to remove an erroneous calibration point, e.g. by using an outlier test, and
then [to reprocess the data to obtain acceptable calibration. However, the minimum number pf calibration
solutions specified in 6.4.2 should be maintained.

8.4.513 Aspirate the blank and the test solutions (prnparnd in_accordance with 1SQ 152 9-2) into the

plasma and make measurements for each solution. Use the calibration function to determine the
concentrations of metals and metalloids of interest.

8454 Analyse the calibration blank solution and a mid-range calibration solution after the initial
calibration and then after every 20 test solutions. If the measured concentration of a metal or metalloid of
interest in the continuing calibration blank is greater than five times the instrumental detection limit, as
determined in 8.5.1, or is greater than 10 % of the applicable limit value or minimum level of concern, or if the
measured concentration of an element of interest in the continuing calibration verification has changed by
more than £10 %, take one of the following corrective measures: (1) use the instrument software to correct for
the observed sensitivity change or (2) suspend analysis and recalibrate the spectrometer. In either case,
reanalyse the test solutions that were analysed during the period in which the sensitivity change occurred, or
reprocess the data to account for the observed sensitivity change.
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8.45.5
20 test samp

8.4.5.6

les and use the results to monitor the performance of the analytical procedure.

the end of each analytical batch.

8.4.5.7

standard deviation is unacceptably high.

8.45.8

above the up

necessary a
mass.

per limit of the calibration range, dilute th

ilut

8.5 Estimation of detection and quantification limits

8.5.1

8.5.1.1
the working 3

NOTE TH
method detec
only takes intq
not take into c|

8.5.1.2

Estimpation of the instrumental detection limit

Fstimate the instrumental detection limit for each of the metals and metatloids of interest
nalytical conditions and repeat this exercise whenever the experimental conditions are chan

e instrumental detection limit is of use in identifying changes in instrdment performance, but it is
ion limit. The instrumental detection limit is expected to be lower than.the method detection limit bec§

account the variability between individual instrumental readings; determinations made on one soluti
bnsideration contributions to variability from the matrix or sample:

Prepare a test solution with concentrations of theNmetals and metalloids of interest near

anticipated ipstrumental detection limits by diluting working standard solutions or stock standard solutio

an appropria

8.5.1.3
detection lim
the mean co

NOTE Anl
fortified with f

Reference [27]).

e factor. Follow the same procedure used for-preparation of the calibration solutions.

Make at least 10 consecutive measurements on the test solution and calculate the instrum
t for each of the metals and metalloids of-interest as three times the sample standard deviat
hcentration value.

alternative procedure for estimating the instrumental detection limit involves the analysis of blank sol
he metals and metalloids of ginferest at values spanning the predicted instrumental detection limi

~

8.5.2 Estimation of the method detection limit and the method quantification limit

8.5.2.1
metalloids of]
conditions arf

8.5.2.2

Fstimate the method detection limit and method quantification limit for each of the metals
interest under the working analytical conditions and repeat this exercise whenever experin
e changed.

Analyse quality control samples, as described in 8.6.2, at a minimum frequency of one pair per

Analyse a continuing calibration blank solution and a continuing calibration verification solution at

Examine the precision (coefficient of variation) of all results and repeat any analysis if the relative

If the concentration of any of the metals and metalloids of interest in a test solution is found to be
ch as

ative

inder
ged.

not a
use it
on do

their
ns by

ental
on of

utions
(see

5 and
ental

Prepare at least 10 blank test solutions from unused sampling media of the same type us

sample colle

Ction. Follow the appropriate sample preparation procedure used to prepare sample test sol

!

d for
tions.

8.5.2.3

Make measurements on the test solutions and calculate the method detection limit and method

quantification limit for each of the metals and metalloids of interest as three times and 10 times the sample
standard deviation of the mean concentration values, respectively.

8.6 Quality control

8.6.1

Blank solutions

Carry reagent blanks, laboratory blanks and (if used) field blanks throughout the entire sample preparation
and analytical process to determine whether the samples are being contaminated from laboratory or field
activities. Process reagent blanks at a frequency of at least one per 20 samples, with a minimum of one per
batch.

20 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=060dd0a7eb252b88b2f20b62eda8d546

8.6.2

8.6.2.

ISO 30011:2010(E)

Quality control solutions

1 Carry quality control samples, such as spiked media blanks, throughout the e

ntire sample

preparation and analytical process to estimate the method accuracy on the sample batch, expressed as a
percentage recovery relative to the true value.

8.6.2.

2

minimum of one pair per batch.

8.6.2.

3

Process quality control samples at a frequency of at least one pair per 20 samples, with a

Monitor the performance of the method by plotting control charts of the relative percentage

recoveries of the quality control samples. Also, to evaluate method precision, plot control charts of the relative

perceg

8.6.2
take
chart

8.6.3

The i
respq
reasq

8.6.4

If the
recor

NOTH
(Refe

8.7

It is
acco
ISO 4
analy
expe
unce
cove
calcu

NOTH
and in

Altho
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MAayv UnitiTrivTo YUIWTUTUTT UUPITLAte udiity CUTTUUT odiTIYITo.

4 If quality control results indicate that the method is out of control, investigate the, rea
corrective action, and repeat the analyses. See ASTM E882(7] for general guidance-obr the

D.

Internal standards

hternal standard signal response in each sample test solution shall be within an acceptable
nse in the calibration blank solution. For responses outside the“acceptable range, in
ns, take corrective action, and repeat the analyses.

External quality assessment

laboratory carries out analysis of metals and metalloids in workplace air samples on a regu
nmended that it participate in relevant external quality assessment and proficiency testing sc

For information about existing proficiency.«tésting schemes, refer, for example, to the da
fence [28]) or to a national accreditation organization.

Measurement uncertainty

strongly recommended that the laboratory estimate and report the uncertainty of its mea
dance with ISO/IEC Guide 98-3:2008[3l. This entails first constructing a cause and effect
004[2]) to identify the individual sources of random and systematic error in the overall
tical method. The standard uncertainties associated with these errors are then estimated
imentally, or both, and.combined in what is referred to as an uncertainty budget. The combi
tainty is ultimately ‘multiplied by an appropriate coverage factor to produce an expanded U
age factor of 2~js” ordinarily recommended, giving a confidence level of approximately
lated value.

1 Applications of cause and effect analysis to analytical methods are described in ISO/IEC Guid
References [29][30].

sons for this,
se of control

range of the
estigate the

ar basis, it is
hemes.

abase EPTIS

surements in
jiagram (see
ampling and
, determined
hed standard
ncertainty. A
95 % in the

e 98-3:20080!

15202-1 are

ugh/sampling is not expressly discussed in this test method, the sampling procedures in ISO

incorporated by reference (see 4.1) and should be included in developing the uncertainty budget. In many
cases, the sampling uncertainty exceeds the analytical uncertainty. See EN 13890['2] for guidance on
including the uncertainty associated with sampling in the uncertainty budget.

NOTE 2 Terms that contribute to the random variability of an analytical method are generally accounted for in the
measurement precision, which can be estimated from quality control data. Errors associated with instrumental drift can be
estimated, assuming a rectangular probability distribution, by dividing the allowable drift before recalibration by N
Systematic errors of an analytical method include, for example, those associated with analytical recovery, sampling
recovery, preparation of working standard solutions, and dilution of test solutions.
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9 Expression of results

9.1
interest.

9.2
solutions.

9.3

the air filter sample at ambient conditions using Equation (1):

P

From measurements of the test samples, derive a single result for each of the metals and metalloids of

Calculate the mean concentration of each of the metals and metalloids of interest in the blank test

Calculate the mass concentration, in milligrams per cubic metre, of each metal or metalloid of interest in

1 Ve T = Pmo 7o

v =

where

pM,O is

pM,1 is

is

94 Ifitis
1ISO 15202-1
taken at the
metal and m

10 Metho

10.1 Methd

Method dete
matrix (incly
instrument U
method quar]
ester (MCE)
presented ag

1000 x V

the mean concentration, in micrograms per litre, of metal or metalloid in the blank solutions;
the concentration, in micrograms per litre, of metal or metalloid in the sample test solution;
the volume, in litres, of the collected air sample;

the volume, in millilitres, of the blank solutions;

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

the dilution factor used (/= 1 in the absence of dilytien).

necessary to recalculate metal and metalloidin air concentrations to reference conditions
, calculate the mean atmospheric temperature and pressure by averaging the measurer

start and the end of the sampling period; and apply a temperature and pressure correcti
btalloid in air concentrations calculated.in 9.3, using Equation (C.1).

l performance

)d detection limits.and quantification limits

Ction limits and method quantification limits depend on a number of factors, including the sz
ding sampling—media), the sample preparation method, the mass selected, the ana
sed, the instrument operating parameters and blank variability. Method detection limitg
tification.limits shown in Table 4 were estimated by preparing test solutions from mixed cell
filters;-followed by analysis by ICP-MS (see References [31][32][33]). Results in Table
examples of achievable method detection limits and method quantification limits.

(1)

(see
nents
pn to

mple
ytical
and
Llose
1 are

10.2 Upper limits of the analytical range

The upper limit of the useful analytical range is determined by the linear dynamic range of the spectrometer
under the analytical conditions established in 8.2.
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Table 4 — Estimated method detection limits and method quantification limits
(see References [31][32][33])

Element? Isotope MD,L1 QIZ1 Reference®
Mg | Hg |
Al 27 0,23 0,77 [31]
0,069 0,23 [31]
As 75 0,38 1,27 [32]
0,007 4 0,16 (33]
60,6676 f31]
Be 9 0,025
0,05 B2]
. 111 0,024 0,078 B1]
114 0,000 72 0,006 3 B3]
0,017 0,057 B1]
Co 59
0,000 41 0,003,0 B3]
Cr 52 0,17 0455 B1]
0,24 0,79 B1]
Cu 63
0,004 4 0,14 B3]
Mg 24 0,28 0,93 B1]
Mn 55 0,023 0,076 B1]
Ni 60 0,003 4 0,12 B1]
0,025 0,083 B1]
Pb 208
0,002 4 0,014 B3]
U 238 0,046 0,15 B2]
51 0,024 0,079 B1]
Zn 66 0,48 1,6 B1]
@  Data are not available for: Ag, B, Ba, Bi, Ca, Cs, Fe, Ga, Ge, Hf, Hg, In, K, Li, Mo, Na, Nb, P, Pt, Rh, Sb, Se, 9n, Te, T, W, Y
and 2.
b Hor Reference [31], micrewave dissolution was used and the sample matrix was 4 % volume fraction nitric acid. For |Reference [32],
hot plate digestion with nitfic’and hydrochloric acids was used. For Reference [33], open vessel microwave dissolutior] was used and
the sample matrix was 4% volume fraction nitric acid and 1 % volume fraction hydrochloric acid.
10.3| Bias-and precision

10.3 4+—Anatyticat-bias

The sample dissolution methods described in ISO 15202-2 are believed to be effective for most applications,
that is, the analytical method is expected to exhibit negligible bias. However, the dissolution methods are not
effective in all instances!34. Factors such as matrix effects and the specific sample dissolution method
employed influence the analytical figures of merit obtained for the overall method.

EN 13890['2] specifies that the mean analytical recovery of procedures for measuring metals and metalloids in
airborne particles shall be at least 90 %. Consequently, if there is any doubt about whether the selected
sample dissolution method meets this requirement for a particular application, ISO 15202-2 requires that its
effectiveness be determined and, if the analytical recovery is less than 90 %, that the use of an alternative
sample dissolution method is investigated. The analytical bias is, therefore, expected never to be greater than
10 %.
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10.3.2 Analytical precision

The component of the coefficient of variation (CV) of the method that arises from analytical variability,
Cyanalysis) 1S dependent upon a number of factors, including the analytical mass selected, the analytical

instrumentation used and the instrument operating parameters.

10.4 Measurement uncertainty

Laboratory experiments (see Reference [35]) have been performed to evaluate the uncertainty of this
International Standard and ASTM D7439[51. These experiments demonstrate that the method meets the
general performance requirements in EN 48209 for the uncertainty of measurements made for comparison

with limit valfiles (see next paragraph). Only a selected range of 21T metals and metalloids was covere
Note) and the experiments were restricted to investigating the performance of the analytical methoed
measuremerjts made for comparison with the 8 h time-weighted average Threshold Limit Values\(TLV
Reference [15]), the procedure was found to meet the EN 482[°] uncertainty requirements for all the sel
metals and metalloids except manganese, silver, and uranium. Data from the experiments, including ave
standard de\iation, repeatability, and reproducibility, were computed in accordance with ASTM E691I61.

The Europegn Committee for Standardization (CEN) has prescribed general requirements for the perform

(see
. For
, see
bcted
rage,

ance

of procedurep for the measurement of chemical agents in workplace atmospheres i1-EN 482[1. Upper limits of

acceptability [for expanded uncertainty have been specified for a number of meastrement tasks and thes
to be used ag a guide for the purposes of this International Standard. CEN requirements are less stringe
screening measurements than for measurements for comparison with limitivalues; and they are less stri
for measurements for comparison with limit values when these are made in the range 0,1 to 0,5 time

e are
nt for
hgent
s the

exposure limjit value (expanded uncertainty < 50 %) than when they are-made in the range of 0,5 to 2,0 fimes
the exposurg limit value (expanded uncertainty < 30 %).
NOTE THe metals and metalloids covered in the method performance experiments are: Ag, Al, As, Ba, Be, Cfl, Co,

Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Sb, Se, Sn, U, V, Zn.

11 Test report

11.1 Test necords

Comprehensjive records of the test performed shall be maintained, including at least the following informgtion:

a) a statement to indicate the confidentiality of the information supplied, if appropriate;
b) a complete identification-ef-the air sample, including the date of sampling, the place of sampling, the
other personal identifier) or the location at which the general occupational environment was sample|

a static pample)avery brief description of the work activities that were carried out during the sa
period, 4nd a unique sample identification code;

of samp|e (personal @r’static), either the identity of the individual whose breathing zone was samp’l}d (or

type

(for
pling

c) areferepce-to this International Standard (ISO 30011:2010);

d) the make and type of sampler used;
e) the make, type and diameter of filter used, if appropriate;

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 flowmeter
was checked, the range of flow rates over which the calibration of the flowmeter was checked, and the
atmospheric temperature and pressure at which the calibration of the flowmeter was checked, if
appropriate;
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h) the time at the start and at the end of the sampling period and the duration of the sampling period in
minutes;

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

j)  the mean atmospheric temperature and pressure during the sampling period, if appropriate;

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

[)  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

etalloid in the air sample, at ambient temperature and pressure or, if appropriate, adjusted to reference
onditions;

n) details of the sample dissolution method used;

0) e analytical variables used to calculate the result, including the concentrations of eagh metal and
etalloid in the blank and sample test solutions, the volumes of the blank and sample test $olutions and
e dilution factor, if applicable;

p) e type(s) of instrument(s) used for sample preparation and analysis‘and unique identifier(s)

q) e estimated instrumental detection limits, method detection limits and method quantificatiof limits under
e working analytical conditions — the measurement dncértainty determined in accgrdance with

ISO/IEC Guide 98-3:2008[3]1 — and, if requested by the customer, quality control data;
r) ny operation not specified in this International Standard, or regarded as optional;
s) e name of the analyst(s) or other unique identifiér(s);

t) e date of the analysis;

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

11.2| Laboratory report

The |aboratory report shall contain all information required by the end user, regulatory authorities and
accrdditation organizations. - The'report shall include at least the following information:

a) 4ll sample receipt@andchain-of-custody information;
b) sample analysis-results;
c) applicable.quality assurance or quality control data;

d) identity of laboratory and analyst(s);

e) information on sample preparation procedure(s) used;
f) information on instrumentation and equipment used;

g) any other information deemed appropriate.
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Annex A
(informative)

ICP-MS principles and interferences

A.1 Description of ICP-MS principle

This Internat]
coupled plag
nebulization
and ionizatio
separated or]
through the ¢
information

recognized

interferences
Instrumental
matrix shoulg

A.2 Collision reaction cell

The majority
include trang
eliminated as
chemical red
species.

A.3 Interf

When collisiq
inaccuracies
A.3.1to A.3.

A.3.1 Isobaric elemental interferences

Isobaric elen
charged ion
spectromete

onal Standard describes the multi-element determination of trace elements in air by indug
ma mass spectrometry (ICP-MS). Sample material in solution is introduced by(pneu
nto a radio-frequency plasma where energy transfer processes cause desolvation, atomiz
h. The ions are extracted from the plasma through a differentially pumped vacuumtinterfac
the basis of their mass-to-charge ratio by a quadrupole mass spectrometer. Thejions transr
uadrupole are typically detected by a continuous dynode electron multipliercassembly and th
brocessed by a data handling system. Interferences relating to the™technique shoul
and corrected for. Such corrections should include compensationfor isobaric elen
and interferences from polyatomic ions derived from the plasma gas, reagents, or sample 1
drift as well as suppressions or enhancements of instrument response caused by the sg
be corrected for by the use of internal standardization.

of ICP-MS units currently being manufactured .contain collision reaction cells. These tyg
mission devices that cause collisional dissociation of polyatomic ion species so that the
an interference by kinetic energy discrimination. The system is also able to employ one or
ction modes, either with or without kineti¢_energy discrimination, to further eliminate interf

prences

n reaction cell technology.is not available, several types of interference effects can contrib
in the determination. of frace elements. These interferences can be summarized as descril

Ot

hental interferences are caused by isotopes of different elements which form singly or d
of, the same nominal mass-to-charge ratio and which cannot be resolved by the
in_use. All elements determined by this standard test method have, at a minimum, one is

8

»]

tively
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ation
e and
nitted
e ion
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ental
natrix.
mple

ically
y are
more
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ite to
ed in

publy
mass
btope

d test

free of isoba

icelemental-interference.-Of the analyfir\nl icnfnpnc recommended for use with this standar

method (see Table 2), only selenium-82 (krypton) has isobaric elemental interferences. If alternative analytical
isotopes having higher natural abundance are selected in order to achieve greater sensitivity, an isobaric
interference can occur. All data obtained under such conditions should be corrected by measuring the signal
from another isotope of the interfering element and subtracting the appropriate signal ratio from the isotope of
interest. A record of this correction process should be included with the report of the data. It should be noted
that such corrections are only as accurate as the accuracy of the isotope ratio used in the elemental equation
for data calculations. Relevant isotope ratios and instrument bias factors should be established prior to the
application of any corrections.
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A.3.2 Abundance sensitivity

Abundance sensitivity is a property defining the degree to which the wings of a mass peak contribute to
adjacent masses. The abundance sensitivity is affected by ion energy and quadrupole operating pressure.
Wing overlap interferences can result when a small ion peak is being measured adjacent to a large one. The
potential for these interferences should be recognized and the spectrometer resolution adjusted to minimize

them.

A.3.3 Isobaric polyatomic ion interferences

Isobaric polyatomic ion interferences are caused by ions consisting of more than one atom that have the same

nomipal mass-to-charge ratio as the isotope of interest and which cannot be resolved-.k
specfrometer in use. These ions are commonly formed in the plasma or interface system froms
or sgmple components. Most of the common interferences have been identified (see 1IS©172
thesq are listed in Table A.1 together with the method element masses affected. Such interferenag
recognized and when they cannot be avoided by the selection of an alternative analytical isotops
corrections should be made to the data. Equations for the correction of data should*be establishe
of thg analytical run sequence as the polyatomic ion interferences are highly dependent on the s
and ghosen instrument conditions.

A.3.4 Physical interferences

y the mass
Lpport gases
04-2[14]) and
es should be
, appropriate
d at the time
ample matrix

Physjcal interferences are associated with the physical processes that govern the transport of th¢ sample into

nses for the sample and the calibration standards. Physical interferences can occur in th
on to the nebulizer (e.g. viscosity effects), at the point of aerosol formation and transport t
(e.g. [surface tension), or during excitation and ionization processes within the plasma itself. K
dissglved solids in the sample can contribute deposits of material on the extraction, or skimmer ¢
reduging the effective diameter of the orifices and, therefore, ion transmission. Dissolved soli

through the
N instrument
e transfer of
b the plasma
igh levels of
bnes, or both,
Is levels not

excegeding 0,2 % (mass per volume) have beensrecommended to reduce such effects. Internal standardization

can he effectively used to compensate for many physical interference effects. Internal standards
similar analytical behaviour to the elements'being determined.

A.3.5 Memory interferences

Mempry interferences result, when isotopes of elements in a previous sample contribute td
meagured in a new sample:--Memory effects can result from sample deposition on the sampler
conep and from the build>up of sample material in the plasma torch and spray chamber. The site
effecfs occur is dependent on the element and can be minimized by flushing the system with a r
betwgen samples:The possibility of memory interferences should be recognized within an analy

should have

the signals
and skimmer
where these
eagent blank
tical run and

suitable rinse times should be used to reduce them. The rinse times necessary for a particular elg

ment should

be estimated:prior to analysis. This can be achieved by aspirating a standard containing elements
corresponding to 10 times the upper end of the linear range for a normal sample analysis period, followed by
analysis.of the rinse blank at designated intervals. The length of time required to reduce analyte signals to

3 of 100 66 jon—lirmi d—be—noted—Memory—inte can also be
assessed within an analytical run by using a minimum of three replicate integrations for data acquisition. If the
integrated signal values drop consecutively, the analyst should be alerted to the possibility of a memory effect
and should examine the analyte concentration in the previous sample to identify if this was high. If a memory

interference is suspected, the sample should be reanalysed after a long rinse period.
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