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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

1:2019(E)

Release of potentially toxic metals, particularly lead and cadmium, from ceramic and glassware
surfaces is an issue which requires effective means of control to ensure the protection of the population
against possible hazards arising from the use of improperly formulated and/or processed ceramic,
glass-ceramic and glass dinnerware used for the preparation, cooking, serving and storage of food and
beverages.

As a secondary consideration, different requirements from country to country for the control of the
release of toxic metals from the surfaces of ceramic ware present non-tariff barriers to international
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Ceramic ware, glass ceramic ware and glass dinnerware in
contact with food — Release of lead and cadmium —

Part 1:
Test method

WAlllNING — The use of this document may involve hazardous materials, opex
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pment. This document does not purport to address all the risks associated'w
the responsibility of the user of this document to establish appropriate safety
tices and determine the applicability of national regulatory limitations prior to u

DRTANT — It is absolutely essential that tests conducted in accordance with this
arried out by suitably qualified staff.
Scope

document specifies a test method for the release of lead‘and cadmium from ceramic

porcelain enamel articles (covered by ISO 4531).

document is applicable to ceramic ware, glass\ceramic ware and glass dinnerwa

Fticles used in food manufacturing industries;or in which food is sold.
Normative references
titutes requirements of thissdocument. For dated references, only the edition cited

B85, Laboratory glassware — Burettes

b48, Laboratory glassware — Single-volume pipettes

042, Laboratory glassware — One-mark volumetric flasks
8585, Barosilicate glass 3.3 — Properties

8696, Water for analytical laboratory use — Specification and test methods

htions and
ith its use.
and health
se.

document

ware, glass

mic ware and glass dinnerware intended to be used in ‘¢ontact with food, but excluding vitreous

re which is
s, excluding

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latestedition of the referenced document (including any amendments) applies.

3 Terms and definitions

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1

atomic absorption
absorption of electromagnetic radiation by free atoms in the gas phase wherein a line spectrum is
obtained which is specific for the absorbing atoms
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3.2

atomic absorption spectrometry

AAS

spectroanalytical method for qualitative determination and quantitative evaluation of element
concentrations wherein the technique determines these concentrations by measuring the atomic
absorption (3.1) of free atoms

3.3

flame atomic absorption spectrometry

FAAS

atomic absorption spectrometry (3.2) that uses a flame to create free atoms of the analyte in the gas phase

3.4
graphite fyrnace atomic absorption spectrometry
GFAAS
atomic absoyption spectrometry (3.2) involving electrothermal atomization in a graphite-furnace

3.5
inductively coupled plasma mass spectrometry
ICP-MS
analytical method for qualitative determination and quantitative evaluation of element concentrations
by measuripg the ions produced by a radiofrequency inductively coupled, ptasma

Note 1 to enfry: In the mass spectrometer the ions are separated and thedelements identified according to their
mass-to-chafge ratio m/z, while the concentration of the elements is proportional to the numbers of ions.

3.6
inductively coupled optical emission spectrometry
ICP-OES
trace-level, |elemental analysis technique that uses the“emission spectra of a sample to identify| and
quantify the¢ elements present

3.7
extraction(solution
4 % per volume acetic acid solution recovered after the extraction test and which is analysed for|lead
and cadmium concentration

3.8
reference gurface area
area that islintended to come'into contact with foodstuffs in normal use

3.9
drinking rjm
20 mm-wide section. of the external surface of the item, measured downwards from the upper gdge
along the wpll ofithe item

3.10
test solution
4 % per volume acetic acid solution used in the test to extract lead and cadmium from the article

3.11

ceramic ware

ceramic articles which are intended to be used in contact with foodstuffs, for example foodware (3.16)
made of china, porcelain and earthenware, whether glazed or not

3.12

cup

small glass or ceramic hollowware (3.19) of approximately 240 ml capacity with a handle, commonly
used for consumption of beverages, for example coffee or tea, at elevated temperature

Note 1 to entry: Cups typically have curved sides and are generally used with a saucer.

2 © IS0 2019 - All rights reserved
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3.13

mug

small glass or ceramic hollowware (3.19) of approximately 240 ml capacity with a handle, commonly
used for consumption of beverages, for example coffee or tea, at elevated temperature

Note 1 to entry: Mugs typically have cylindrical sides.

3.14

dinnerware
combination of ceramic ware, glass ceramic ware (3.18) and glass ware specially intended for the
serving of food on the table, including plates, dishes and salad bowls, but excluding ware typically used
for heverages

3.1

flatyware
ceramic or glassware (3.17) which has an internal depth not exceeding 25 mm, measur¢d from the
lowdst point to the horizontal plane passing through the point of overflow

3.16
foodware
artiqles which are intended to be used for the preparation, cooking, serving and storage of fopd or drinks

3.17,
glassware
artigles which are intended to be used in contact with foodstuffs and made of glass

Note| 1 to entry: Glass is an inorganic material produced,by the complete fusion of raw matefials at high
temperature into a homogeneous liquid which is then“cooled to a rigid condition, essentiplly without
crysfallization. The material may be clear, coloured or epaque, depending on the level of colouring anjd opacifying
agenfs used.

3.18
glasp ceramic ware
artigles which are intended to be used\in-contact with foodstuffs and made of glass ceramic

Note|1 to entry: Glass ceramic is an inorganic material produced by the complete fusion of raw matgrials at high
templeratures into a homogeneous'liquid which is then cooled to a rigid condition and temperatufe treated in
suchla way as to produce a mostly-microcrystalline body.

3.19
cerdmic hollowware
ceramic ware whiehhvhas an internal depth greater than 25 mm, measured from the lowest point to the
horifzontal plane‘passing through the point of overflow

Note|1 to entry: Hollowware is subdivided into three categories based on volume:

— pmall:'‘hollowware with a capacity of < 1,1 1;

— hargerhotfowwarewithracapacityof =411

— storage: hollowware with a capacity of 23 1.

4 Principles

Ceramic ware, glass ceramic ware and other silicate surfaces are placed in contact with test solution
(5.1.3) for (24 £ 0,5) hat (22 £ 2) °C to extract lead and/or cadmium, if present, from the surfaces of the
articles or test samples.

The amounts of extracted lead and cadmium are determined by an adequate analytical method.
Inductively coupled plasma mass spectrometry (ICP-MS) is the reference analytical method as it is
generally considered as the most accurate analytical method, although other methods have their own

© IS0 2019 - All rights reserved 3
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merits. Flame atomic absorption spectrometry (FAAS) is kept as an alternative. Both methodologies
are described in detail in Annexes A and B.

Other validated analytical methods, such as graphite furnace atomic absorption spectrometry (GFAAS)
or inductively coupled optical emission spectrometry (ICP-OES), may also be used considering the
appropriate accuracy to the level of release of lead and cadmium to be measured. In the case of ICP-OES,
see the methodology described in Annex C for additional information.

5 Reagents and materials

5.1 Reagents

All reagentg shall be of recognized analytical grade.

For the detlermination of lead and cadmium at trace and ultra trace level, the reagents shall be of
adequate purity. The concentration of the analyte or interfering substances in the 'reagents and the
water should be negligible compared with the lowest concentration to be determired.

5.1.1 Water grade 1, as specified in ISO 3696, for all sample preparations and-dilutions.

5.1.2 Acetic acid, (CH;COOH), glacial, p = 1,05 g/ml. Acetic acid purity‘better than 99 %, with PH and
Cd only at trace level.

5.1.3 Acetic acid test solution, with a volume fraction of 4 %.

Add 40 ml df acetic acid (5.1.2) to water (5.1.1) with a one-mark pipette (6.2.4) and dilute to 1 1in afone-
mark volunjetric flask (6.2.5). This solution shall be freshly prepared for use. Proportionately gr¢ater
quantities rhay be prepared.

5.2 Materials and supplies
5.2.1 Parpffin wax, with a melting pointin the range 50 °C to 57 °C.

5.2.2 Washing agent, commercially available non-acidic manual dishwashing detergent in dilytion
recommended by a manufacturet.

5.2.3 Siligone sealant, eapable of forming a ribbon of sealant approximately 6 mm in diameter.

This sealant shall notJeach acetic acid, cadmium or lead to the test solution.

6 Appallatus

6.1 Analytical techniques
ICP-MS, FAAS or ICP-OES are described in Annexes A, B and C, respectively.

GFAAS is also a permitted option.
6.2 Accessories
6.2.1 Assorted laboratory ware, as required, made of borosilicate glass as specified in ISO 3585.

6.2.2 Burette, of capacity 25 ml, graduated in divisions of 0,05 ml, conforming with ISO 385, class B
or better.

4 © IS0 2019 - All rights reserved
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6.2.3 Covers for the articles under test, for example plates, watch-glasses or Petri dishes of various
sizes. Covers shall be opaque if a darkroom is not available.

6.2.4 One-mark pipettes, of capacities 10 ml and 100 ml, conforming with ISO 648, class B or better.
Other sizes as required.

6.2.5 One-mark volumetric flasks, of capacities 100 ml and 1 000 ml, conforming with ISO 1042,
class B or better. Other sizes as required.

6.2.6 Precision piston pipettes, typically 1 000 ul and 500 pl.

6.2.7 Straight edge and depth gauge, calibrated in millimetres.

7 Sampling

7.1 | Priority

Whedn selecting samples from a mixed lot of foodware, articles thiat*have the highest surface area/
volume ratio should be prioritized.

7.2 | Sample size

At ldast four items shall be measured. Each of the articles shall be identical in size, shape| colour and
decdration.

7.3 | Preparation and preservation of testsamples

Samples of ware shall be clean and free from grease or other matter likely to affect the test. Briefly
wash the specimens at a hand-hot temperature using tap water containing a non-acidic detergent. Rinse
in tdp water and then in water (5.1.1).,Drain and dry either at a temperature of (40 £+ 5) °(Jin a drying
over}, or by wiping with a new piece of filter paper. Do not use any sample that shows residyal staining.
Do not handle the surfaces to betested after cleaning.

8 Procedures

8.1 | Determination of reference surface area for flatware

For ¢ircular articles, the reference surface area shall be calculated from the diameter of thelarticle.

For pthers-cases, place a specimen on a sheet of smooth paper and draw a contour around the rim.
Detdrmihe the enclosed area by a suitable means. One recommended method is to cut out and weigh the
sheet of known area. Record this area, Sy, in square decimetres to two decimal places.

8.2 Preparation of articles which cannot be filled

Articles shall be filled to within 6 mm of overflowing as measured along the sloping side of flatware,
or to within 1 mm of the rim as measured vertically for hollowware. Articles which cannot be filled in
this manner to produce an acid depth at the deepest point of at least 5 mm are defined as non-fillable.
Articles of this type may be tested by one of the following methods.

a) Standard articles may be fitted into a silicone rubber mould which forms a water-tight seal with the
article and which encroaches no more than 6 mm from the rim and forms a depth of at least 5 mm
but no more than 25 mm. Specimens prepared in this way are tested as fillable flatware articles.

© IS0 2019 - All rights reserved 5
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b) A bead of silicone sealant may be formed around the edge of the article to permit filling of the
article to a depth of at least 5 mm but no more than 25 mm. The bead shall encroach no more than
6 mm from the rim of the article. Specimens prepared in this way are tested as fillable flatware
articles.

The article may be coated on all surfaces except the reference surface with melted paraffin wax
and subsequently tested by immersion in test solution. Specimens prepared in this way are tested
as non-fillable flatware articles.

8.3 Extraction

8.3.1 Extraction temperature

Conduct thg extraction at a temperature of (22 + 2) °C in the dark.

8.3.2 Ledching

8.3.2.1 Fillable articles

cally
vare
over

Fill each specimen with test solution (5.1.3) to within 1 mm of overflowing measured verti
for hollowware or 6 mm from overflowing as measured along the sufface of flatware. For flaty
determinatfons measure and record the volume of the test solution (5.1)3) used to fill the article. (
the specimgn.

Leach for (44 + 0,5) h depending on the case studied.

8.3.2.2 Npn-fillable articles

able
htity

These artic
vessel such

es, which have been masked with paraffin' wax according to 8.2 c) are placed in a suit
as borosilicate glass of suitable size arnid-test solution (5.1.3) is added in sufficient qua

to completd

Leach for (2

8.3.3 San

ly cover the sample. Record the amount of test solution (5.1.3) added to an accuracy of

4 +0,5) h depending on the case'studied.

npling of the extraction.solution for analysis

Y. %.

Prior to say
loss of the 6
required by
container.

hpling, mix the extraction solution by stirring or another appropriate method that ayoids
xtraction solution\o¥'abrasion of the surface. Remove the amount of the extraction solytion
 the considered-analytical method with a pipette and transfer it to a suitable storage

extraction solution as soon as possible since there is a risk of adsorption of lead or cadnjium
lls of the storage container, particularly when Pb and Cd are present in low concentratjons.

Analyse the
on to the w

8.3.4 Dri

hking rim test
o

Cups, mugs or other ceramic hollowware shall be tested by marking each of four units (20 * 1) mm
below the rim on the outside. Each item is placed inverted in a suitable laboratory glassware container
with a diameter of between 1,25 times and 2 times that of the cup. Add sufficient test solution (5.1.3) to
the glassware container to fill to the 20 mm mark on the cup. Leave to stand for (24 + 0,5) h, depending
on the case considered, at (22 * 2) °C and protect from excessive evaporation. Before sampling the
leachate, add test solution (5.1.3) to the glass container as necessary in order to re-establish the
(20 £ 1) mm level. Determine lead and cadmium by the appropriate analytical methodology.

8.4 Articles used in repeated contact with foodstuffs

When an article is intended to come into repeated contact with foodstuffs, the release tests are carried
out three times on the same test sample, using a fresh sample of the test solution (5.1.3) on each
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occasion. If the level of release conforms with the first migration, further testing is not necessary. The
conformity of the material is then checked on the basis of the concentration in the extraction solution in
the third test. Wash the article between each contact with water (5.1.1).

9 Analytical methods

9.1

General

Three analytical methods using ICP-MS, FAAS or ICP-OES are described in Annexes A, B and (,

resp

GFA

9.2

The
extr

9.3

The
deci

whe

9.4
The

ectively.

AS is also a permitted option.

Calculation of release of lead and cadmium from ceramic hollowware

ead or cadmium released is obtained directly by the lead or cadmium coficentrations o
hction solution and expressed in micrograms per litre.

Calculation of release of lead and cadmium from flatware

lead or cadmium released per unit area from flatware, Ry, expressed in micrograms
metre, is given by Formula (1):

_Po*V

R
0 SR

e

by is the lead or cadmium concentratiaon, expressed in micrograms per litre, of the san
solution;

I/ is the filling volume of the specimen, expressed in litres;

br  is the reference surfacéjarea of the article, expressed in square decimetres.

Calculation of release of lead and cadmium from drinking rim

release of lead-and cadmium per article from the drinking rim shall be calculated by

fthe sample

per square

e8]

hple extract

multiplying

the lead or cadmiiin’ concentrations by the volume of the test solution. This value shall be expressed in
micijograms perarticle.

Ano
by

her aption is to calculate the release of lead and cadmium from the drinking rim per un|
ultiplying the lead or cadmium concentrations by the volume of the test solution and

the fim-area. In this case, the value shall be expressed in micrograms per square decimetre

it of surface
dividing by

10 Test report

The
a)
b)
‘)

test report shall include the following information:
reference to this document, i.e. ISO 6486-1, including the year of publication;
identification of the sample, including type and origin where available;

the reference to the calculation used, as listed in Clause 9, with the following infor
surface area or the reference surface area, and the filling volume or contact volume for
articles and test specimens;

© IS0 2019 - All rights reserved
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d)

f)

g)
h)

the number of samples tested (minimum four samples);

the analytical method used, with the information required for the settings according to
Annexes A to C;

the test results, expressed as individual values for each specimen and the mean value for identical
test sample groups. For flatware items, also report the determined lead and cadmium concentration
in the test solutions;

the date of the extraction test and the analytical tests;

any un

sual features observed

© ISO 2019 - All rights reserved
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Analytical method using ICP-MS
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A.1_General

This| annex describes a method for the determination of lead and cadmium by ICP-MS, in} extraction

solufions.

A.2| Principles

Detdrmination of lead and cadmium by ICP-MS consists of the following steps:

1) |ntroduction of a measuring solution into a radiofrequency plasma to cause dissolution, atomization
hnd ionization of elements;

2) pxtraction of the ions from plasma through a differentially pumped vacuum inferface and
ceparation on the basis of their mass-to-charge ratio byra mass spectrometer;

3) fransmission of the ions through the mass separation unit and detection, usually by alcontinuous
Hynode electron multiplier assembly, and ion information processing by a data-handling system;

4) puantitative determination after calibration@vith suitable calibration solutions.

The [relationship between signal intensity ‘ahd mass concentration is usually a linear one gver at least

five prders of magnitude. For more detajlsrefer to ISO 17294-1.

A.3| Interferences

Itis Jmportant to underline thatwhen using ICP-MS, the presence of concomitant elements ir} the sample

can fause interferences, fox instance systematic errors in the measurement of the signal. Interferences

are ¢lassified into spectral’and non-spectral interferences.

The components that€an cause spectral interferences are:

1) Anisotope that has the same nominal mass-to charge-ratio as the analyte isotope, for example 114Cd
[analyté)and 114Sn (interferant). Isobaric interferences may be corrected using the abgundance of
h different isotope of the interfering element (Table A.1). However, correction options are often
ncluded in the instrument software. The isotope for measurements can usually be rhosen free

2) Polyatomic or molecular and doubly charged ion interferences. In many cases these ions contain
argon (plasma gas) and/or oxygen originating from the water of the solution aspirated, for
example 114MoO* (interferant) and 111Cd, 114Cd (analyte). Significant molecular and doubly charged
interferences shall be corrected for.

EXAMPLE

114Cd = (m/z 114 signal) - (0,026 84)(118Sn signal).

Corrected cadmium signal (using natural isotopes abundances for coefficient approximations):

Non-spectral physical interferences are associated with the sample nebulisation and transport
processes as well as with ion-transmission efficiencies. Nebulisation and transport processes can
be affected if a matrix component causes a change in surface tension or viscosity. Changes in matrix
composition can cause significant signal suppression or enchantement. Dissolved solids can deposit
on the nebuliser tip of a pneumatic nebuliser and on the interface skimmers. Total solid levels below
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0,2 % (2 000 mg/1) are recommended to minimize solid deposition. An internal standard can be used to
correct for physical interferences if it is carefully matched to the measurement element so that the two
elements are similarly affected by matrix changes. Dilution of the sample fivefold will usually eliminate
the problem.

The following correction formula shall be applied:

(1000)

(206Pb) + (1 000) (207Pb) + (1 000) (208Ph)

Detailed information on spectral and non-spectral interferences is given in ISO 17294-1:2004, 6.1.

A.4 Reag

All reagent
ultratracel

Table A.1 — Lead and cadmium spectral interferences

Theoretical Interference
Abundance interferences with
Element | Isotope - .
% Inter- | Polyatomic practical
element ions relevance
111 12.8 B MoO, MoOH, | **Zrt°Q'H
’ ZrOHK,0,H |  o&bieo
MoO, ZrOH,
Cd 113 12,2 In Ca,0,H,- In, 97Mo160
Ar,0,H, RuO
114 28,7 Sn MoO, MoOH, | ¢ 98po160
RuO
206 24,1 — PtO —
Pba 207 22,1 — IrO —
208 52,4 — PtO —

a  All three isotopes shall be used to gaantify lead to allow for the variability of
lead isotopes in nature.

rents

5 shall be of recognized-analytical grade. For the determination of elements at traces|
evel, the reagents shall be‘of adequate purity. The concentration of the analyte or interfg

substances
to be deter

A41 Wa

A.4.2 Ace

in the reagents and-the water should be negligible compared with the lowest concentrg
ined. Nitric acid-shall be used to minimize interference by polyatoms.

er, grade 1.as Specified in ISO 3696 for all sample preparations and dilutions.

ic acid, (CH;COOH), glacial, p = 1,05 g/ml.

and
ring
ition

Add 40 ml of acetic acid (A.4.2) to water (A.4.1) with a one-mark pipette (6.2.4), and fill to 1 1 in a one-
mark volumetric flask (6.2.5). This solution shall be freshly prepared for use. Proportionately greater
quantities may be prepared.

10
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A.4.4 Nitricacid, r(HNO3) = 1,4 g/ml.
Nitric acid is available both as:

r(HNO3) = 1,40 g/ml equivalent to w(HNO3) = 650 g/kg

or

r(HNO3) = 1,42 g/ml equivalent to w(HNO3) = 690 g/kg

B rdealal £ - o s 4] |
Ot dlI' T SUItdUIT 101 UST 11T LIS TIITUIIUU.

A.4.5 Elements stock solution (lead, cadmium, internal standards).

SingJe-element stock solutions and multi-element stock solutions with adequatesspecification stating
the acid used and the preparation technique are commercially available. For{eXample, el¢ment stock
solufions with concentrations of the analytes of 1 000 mg/1 are suitable. Thés¢ solutions arg considered
to bg stable for more than one year, but in reference to guaranteed stability, the recommgndations of
the manufacturer should be considered.

A.4.¢ Lead and cadmium standard solutions: p (Pb) = 10 mg?l - p (Cd) = 10 mg/1.

Pipeftte, with a one-mark pipette (6.2.4), 10 ml of Pb and €d element stock solutions of| 1000 mg/]
sepdrately or together, if suitable, into a 1000 ml one-magkvolumetric flask (6.2.5). Add 10|ml of nitric
acid{ Bring to volume with water and transfer to a suitable storage bottle.

A.4.7 Lead and cadmium intermediate standard solutions: p (Pb) = 1 mg/l - p (Cd) = 1|mg/L

Pipeftte, with one-mark pipette (6.2.4), 10 ml-of Pb and Cd element stock solutions of 10 mg/|l separately
or tdgether, if suitable, into a 100 ml one-mark volumetric flask (6.2.5). Bring to volume with water and
trangfer to a suitable bottle. Prepare the intermediate standard solutions freshly before eadh use.

A.4.8 Internal standard solution:

The [choice of elements for theinternal standard solution depends on the analytical problem. Solutions
of tHese elements should-eover the mass range of interest. Generally, an internal standarf should be
no mpore than 50 amu removed from the analyte. The concentrations of these elements in|the sample
shoyld be negligibly tow.

The plements 85Y,A03Rh, 165Ho and 187Re, for example, could be suitable for this purpose. The following
internal standaxd solutions may be used: p (Y, Rh, Ho and Re) = 5 mg/L.

Pipeftte, with a one-mark pipette (6.2.4), 5 ml of each element stock solution (1 000 mg/1 of each Y, Rh,
Ho and’Re) into a 1 000 ml one-mark volumetric flask (6.2.5). Add 10 ml of nitric acid. BrinF to volume

withudater and transfer to a suitable storage bottle

A suitable concentration range of the internal standard in samples and calibration solutions is
10 pug/1to 100 pg/l.

A.4.9 Lead and cadmium calibration solutions.

A calibration solution is a solution used to calibrate the instrument, prepared from stock solutions or
from a certified standard.

Prepare the calibration solution(s) that cover the required working range by diluting the element
standard solutions or intermediate element standard solutions.

Add an adequate volume of test solution (A.4.3) to make the composition of the calibration solutions
equal to the composition of the test sample solutions to minimize the matrix effect. If necessary,
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add internal standard solution to a concentration of, for example, 10 pg/1 or 100 pg/1 of the solution
elements before bringing up to volume.

A.4.10 Calibration blank solution.

The calibration blank solution is prepared in the same way as the calibration solutions but the analytes
are left out. Prepare the calibration blank solution by adding an adequate volume of test solution (A.4.3)
to make the composition of the calibration blank solutions equal to the composition of the test sample.
If necessary, add internal standard solution to a concentration of, for example, 10 pg/1 or 100 pg/1 of the
solution elements before bringing up to volume.

A.4.11 Initial calibration verification solution.

The calibr
source diffq
calibration
acid compo

A.4.12 Continuing calibration verification solution.

The contin
cadmium f
the calibrat
calibrations

A.4.13 Intd

The interfe
elements (T
of any corrg
other comp
molecular-i
by the datg
reagents or

A.4.14 Opt

The optim
optimizatio
respect to

contain elefnents covering the entire mass range, as well as elements prone to a high oxide form4d

rate or to th

ion verification solution is prepared by combining lead and cadmium from.'a, stan
rent from that of the calibration standard, and at concentration near the midpoint o
curve. This document may also be purchased. The solution should be prepareéd in the
sition (matrix) of the calibrations and the test samples.

hing calibration verification standard solution should be prepared combining lead
'om the same standards used for calibration, at a concentration near the mid-poij
ion curve. The solution should be prepared in the same’acid composition (matrix) o
and the test samples.

rference check solution.

rence check solution (ICS) is prepared togcontain known concentrations of interfg
able A.1) that will demonstrate the magnitude of interferences and provide an adequatg
ctions, for example Molybdenum serves-to indicate oxide effects on cadmium isotopes
pnents are present to evaluate the ability of the measurement system to correct for vay
bn isobaric interferences. The ICSis-used to verify that the interference levels are corre

system within quality control limits. These solutions shall be prepared from ultra
they can be obtained commetcially.

imization or tune solution.

zation or tune,$eldtion, commercially available, serves for mass calibration and
n of the ICP-MS-apparatus conditions, for example adjustment of maximal sensitivity
minimal oxide-formation rate and minimal formation of doubly charged ions. It sh

e formatien of doubly charged ions.

A.5 Apparatus

dard
f the
ame

and
nt of
[ the

ring
test
The
ious
cted
pure

for
with
ould
ition

A.5.1 Ind

uctively coupled plasma mass spectrometer

ICP-MS system includes:

sample

introduction system (pump, nebuliser, spray chamber);

inductively coupled plasma (radio-frequency generator, load coil, torch);

appropriate resolution;

12

suitable equipment for polyatomic interference attenuation, typically a collision cell;

quadrupole or time-of-flight mass spectrometer, capable of scanning a mass range suitable with an

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=e4725ecd05f40aafda2a444058ec1028

ISO 6486-1:2019(E)

— process control and data processing equipment;

— argon gas supply - high purity grade, i.e. > 99,99 %;

— helium for collision cell - ultra-high purity grade, i.e. > 99,999 %;
— optional autosampler or additional (peristaltic) pump.

For more detailed information on the instrumentation, refer to ISO 17294-1.

A.5.2 Accessories

The |stability of test samples and calibration solutions depends to a high degree onhle container
material. The material shall be checked according to the specific purpose. For the ‘determination
of ldad and cadmium in 4 % per volume acetic acid solutions, high density polyethenel (HDPE) or
polytetrafluoroethene (PTFE) containers (e.g. falcon tubes and storage bottles) areallowed.

Imnjediately before use, all laboratory ware used to prepare stock and standard solutjons should
be washed thoroughly with warm diluted nitric acid, for example w (HNOg) = 10 %, and fhen rinsed
several times with water (A.4.1).

The puse of piston pipettes is permitted and also enables the preparation of lower volumes of calibration
solutions. The application of dilutors is also allowed.

For more detailed information on the instrumentation, refer¢o ISO 17294-1.

A.6( Procedures

A.6.1 Instrument setup

Adjust the instrumental parameters of thé)ICP-MS system in accordance with the manufacturer’s
manjual. Wait at least 30 min to stabilize the plasma and adjust the instrument to working cpndition.

For guidance consult ISO 17294-1.

For fhe selection of suitable isotopes (Table A.1), use the recommended optimization solution|to optimize
or check the sensitivity and-the’stability of the system. Check the resolution and the masq calibration
as often as required by the'manufacturer. Define the relative atomic masses and the cofresponding
corrections. Define take=typ and rinsing times to avoid memory effects.

Either standard mede-or spectrum helium mode (kinetic energy discrimination) is acceptalple.

The pse of an internal standard is recommended. Add the internal standard solution to the interference
chedk solutien,the calibration solutions, the blank calibration solutions and all test portion$ of samples
before the-analysis. Alternatively, add the internal standard solution online using a two-channel
sample‘introduction pump. The mass concentration of the elements shall be the same in all solutions.

A.6.2 Calibration

Before calibration, it is important to aspirate the blank solution for 10 min to stabilize the plasma.
When the analytical system is first evaluated, establish a calibration curve for lead and cadmium using
at least five measuring points (for example, the blank calibration solution and four calibration solutions
over a linear range). The calibration range should encompass the Pb/Cd concentrations of the sample.

The working range should be above the limit of quantification (LOQ) and is frequently within the range
of 0,2 pg/1to 200 pg/l1 or a part of this. For work on a daily basis, one blank solution and one to two
calibration solutions are enough to set up a calibration graph, but check the validity of the calibration
curve with a certified reference sample, a standard sample or a suitable internal control sample.

For more details refer to ISO 17294-1:2004, 9.2.
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Linear regression correlation coefficient (r) shall be = 0,998. If correlation coefficient is < 0,998, repeat

calibration.

A.6.3 Determination of lead and cadmium

After establishing the calibration curves, measure the blanks and the interference check solution to
establish interference correction or to check presence of interferences. Run the test samples and if the
lead and cadmium concentration of the extraction solutions are found to be higher than the highest
calibration point, dilute a suitable aliquot portion to reduce concentrations within the working
range with test solution (3.10) and water (A.4.1) in order to have the same acidity composition as the
calibration curve. Within sufficient small intervals (for example, every 25 samples or less and at the

beginning 4
standard s4

The limit of
is not in the
is defined b
the analyti
blank value

nd end of the sample run) check the accuracy of at least one certified reference sample
mple or a suitable internal control sample. If necessary, recalibrate.

detection (LOD) is the minimum value of the measurand for which the measuring sy
basic state, with a stated probability. The LOD, also referred to as capability of detec
y reference to the applicable basic state. The measurement value can be distinguished
fal blank value with a confidence of 99 %. The LOD is expressed as ‘the mean analyj]
(b,ve) plus three times the standard deviation of the analytical.blank (s,), as show

1).

e +3Sb

the limit of detection;

the mean analytical blank value: a value determined by a blank sample covering the com]

one

ttem
tion,
‘Tom
tical
n in

[A.1)

blete

halytical procedure including extraction, clean-up, identification and quantification including

1 the relevant reagents and materials;
the standard deviation of the analytical blank.

puld preferably be calculated from the analytical blank b,,. If this is not possible, the

Formula (A

LD = ba\
where

Ly is

b.ye 19

a

a

Sy IS

The LOD sh

can be calc

The LOQ is the limit above which-a guantification of the measurand is possible, expressed as the n

lated from the signal-to-neise ratio.

LOD

nean

analytical blank value plus six times the standard deviation of the analytical blank. The factor F depgnds
on the accepted measurementuncertainty [see Formula (A.2)].

Lg =baye +Fsy A.2)
where

Ly idthetimibolghantibeation;

b,,. isthe mean analytical blank value;

S,  isthe standard deviation of the analytical blank.
The LOQ should preferably be calculated from the analytical blank b,,.. If this is not possible, the LOQ

can be calculated from the signal-to-noise ratio.

14
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The mass concentrations for each element are determined with the aid of the instrument software.
Carry out the following single steps for each element.

a)
b)

)

Correct the count rates according to the respective equations.

Make allowance for the count rates from the blank calibration and calibration solutions, and relate
to the count rates of the internal standard solution. Determine the slope and the intercept on the

ordinate.
etermine-the-mass-concentrations-of samples-with-the-aid-of the-countrates-and-the calibration
braphs.
Accqrding to the requirements set by the analytical quality control, the determination ¢f the mass

condentrations using the software of the apparatus shall be verifiable and shall be.docum

case]

A.8

Stat

A9

A.9.

Sma
free

A.9.

Rest

A.9.

Resy

A9

Inte

A.9.
The

A Internal standard abundance

s, it shall be clear which corrections have been carried out with the aid of thé&software.

Expression of results

Quality control

1 Instrument detection limit (Lp,)

lest concentration that can be detected witla defined statistical probability using a cq
instrument and blank calibration solution:

2 Blank

It of the calibration blank check'shall be within three times the instrumental detection

3 Calibration verification and drift

It of the initial and cantinuing calibration verification solutions shall not deviate by mor¢

mal standdrd'shall not deviate by more than 20 %.

5 Interference

bnted. In all

e as many significant figures as are acceptable according to the-precision of the measufring values,
but ot more than three significant figures.

ntaminant-

limit.

b than 10 %.

mpact on the measured value of uncorrected isobaric, molecular and doubly charged in

terferences

shall not be higher than 5 % or three times the instrumental detection limit. Successive values of a

corr

ection factor shall not differ by more than 20 %.

A.10Precision

An interlaboratory trial, carried out among European reference and official control laboratories
for food contact materials in 2014, yielded the results given in the Table A.2. The sample used in the
interlaboratory trial was a 4 % per volume acetic acid solution spiked with the elements reported in
Tabl

eA.3.

© IS0 2019 - All rights reserved

15


https://standardsiso.com/api/?name=e4725ecd05f40aafda2a444058ec1028

ISO 6486-1:2019(E)

Table A.2 — Precision data for the determination of lead and cadmium in 4 % per volume acetic
acid solution using ICP-MS

vl o Reproducibility CV| o Repeatability CV
Element i n X R P y r P y
g/l g/l % Hg/l %
Pb 30 114 9,58 0,99 10,32 0,20 2,13
Cd 29 111 4,89 0,24 4,89 0,09 1,77

I: Number of laboratories

n: Number of values

X : R¢bust mean

og: Re¢producibility standard deviation
CV: Cpefficient of variation

o,: Rgpeatability standard deviation

Lead and cadmium were measured in 4 % per volume acetic acid solutions.

All prqcision criteria were derived applying robust statics without elimination of outliers (ISO 5725-5).

Table A.3 — Sample used for the interlaboratory trial

. Spiked Concentration?
Sample matrix ] t
elemen wg/1
Pb 9,44
Cd 4,89
Ba 787
4 % per volume Co 514
acetic acid
solution M 401
Ni 70,8
As 13,0
Al 727
a2  Robust mean from participants' results.
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This
extr
B.2
Detq
1y
2)
3)

Brac
read
cond

Cali
or ir
read

B.3
Allr

B.3.

Prep
Alte

B.3.

annex describes an analytical method by FAAS for the determination of lead ahd
hction solution.

Principles
rmination of lead and cadmium by FAAS consists of the following stéps:
ntroduction of a measuring solution into the FAAS;
measurement of the absorption;
Huantitative determination of the Pb and Cd after calibration with suitable calibration {

'keting technique: analytical method consisting ofbracketing the measured absorption
ing of the sample between two measurements_ made on calibration solutions of n¢
entrations within the optimum working range:

pration function: function relating atomic absorption instrument readings, either in
other machine units, to the concentration of lead or cadmium which generated the
ing lead stock solution.

Reagents

pagents shall be of recoghized analytical grade.

Il Lead stock solution.
are analytical'stock solutions containing 1 000 mg + 1 mg of lead per litre.

natively, an appropriate commercially available standardized lead AAS solution may b

P ACadmium stock solution.

radmium in

olutions.

or machine
tighbouring

absorption
instrument

b used.

Prepare analytical stock solutions containing 1 000 mg = 1 mg of cadmium per litre.

Alternatively, an appropriate commercially available standardized cadmium AAS solution may be used.

B.3.3 Lead standard solution.

Produce a lead standard solution which is 100 mg/1 Pb, or 0,1 g of lead per litre.

B.3.4 Cadmium standard solution.

Produce a cadmium standard solution which is 10 mg/1 Cd, or 0,01 g of cadmium per litre.
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Standard solution may be kept in suitable, aged, tightly closed containers (i.e. polyethylene) for 4 weeks
without loss of quality. New containers may be aged by filling with standard solution and allowing to
stand for 24 h. The aging solution is discarded.

Use one-mark glass pipettes or precision piston pipettes with a fixed stroke, typically 1 000 pl and
500 pl, and appropriate volumetric glassware (e.g. 500 ml to 2 000 ml) to prepare proper calibration

solutions by dilution of the standard stock solutions with test solution.

Keep the solutions in suitable and aged containers. Renew these solutions every 4 weeks.

B.4 Apparatus

Atomic abs
discharge 13
(approxima
acetylene (g

Using thesg
should be a

Characteris

Where appi

B.5 Prodedures

B.5.1 Cal

Set up the
wavelengthl
appropriate

Where appf

Aspirate th
calibration
calibration

Suggested 1

kely 100 mm) or boiling burner head. Digital concentration readout may be used. Usg

orption spectrometer equipped with light sources (hollow cathode or electrod
imps) specific for lead and cadmium, instrumental background correction, and.a|singlé

thyne) flame and operating conditions recommended by the instrument manufacturer.

conditions, characteristic concentration (concentration that gives. 0004 4 absorbg
bproximately (220 %) 0,2 mg/1 for Pb measured at 217 nm.

tic concentration should be approximately (20 %) 0,02 mg/1 for,Cd measured at 228,8

opriate, a wavelength of 283,3 nm may be used for the andlytical confirmation of lead.

jbration

atomic absorption spectrometer according to the manufacturer’s instructions u
s of 217 nm for lead determination ahd 228,8 nm for cadmium determination wit
correction for background absorptien effects.

opriate, a wavelength of 283,3 nm' may be used for the analytical confirmation of lead.

e zero concentration of thelset of calibration solutions and adjust zero. Aspirate the s
solutions, prepared by dilution of the standard solution with test solution 3.10, and pre
curves over a linear range.

anges: 0,2 mg/1 Pbto 5 mg/1 Pb; 0,05 mg/1 Cd to 0,5 mg/1 Cd.

B.5.2 De

Set up the §pectrameter as described previously. Aspirate water (5.1.1) and then 4 % acetic acid
verify that he absorbance is zero. Aspirate the extraction solution (3.7), interspersed with test solt

(3.10) and

ermination/of lead and cadmium

bless
slot
air-

nce)

nm.

sing
h an

et of
pare

and
ition

cord the absorbance values of the extraction solutions.

B.6 Expression of results

The lead or cadmium concentration, p0, expressed in micrograms per litre of the extraction solution, is

given by Formula (B.1).

_(A-4)

(43— 4y)

Po

18

X(p2—P1)+P1
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where

A isthe absorbance of the lead or cadmium in the extraction solution;

A; isthe absorbance of the lead or cadmium in the lower bracketing solution;

A, isthe absorbance of the lead or cadmium in the upper bracketing solution;

py isthelead or cadmium concentration, in micrograms per litre, of the lower bracketing solution;

p, isthelead or cadmium concentration, in micrograms per litre, of the upper bracketing solution.
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Annex C
(informative)

Analytical method using ICP-OES

C.1 General

This annex
extraction 4

and ionfization of elements;

with a dletector;

C.2 Prin
Determinat]
1) intrody
2) produc
3) dispers
4) process
5) quantit
C.3 Intej

C.3.1 General

Several typ
They are al

Interferenc

C.3.2 Spe

These type
additive. Ty

describes an analytical method by ICP-OES for the determination of lead and cadimiu
olution.

ciples
ion of lead and cadmium by ICP-OES consists of the following steps:

ction of a measuring solution into a radiofrequency plasma to cause dissolution, atomizs

Fion of characteristic emission spectra by a radiofrequencyICP;

ion of the spectra by a grating spectrometer, and monitoring of the intensities of the

ing of the signals from the detector using a data-handling system;

htive determination of the Pb and Cd after-calibration with suitable calibration solution

-ferences

es of interference effects;can contribute to inaccuracies in the determination of elem
o termed matrix effects.

bs can be classifiedas follows.

ctral interferences

5 of interferences are caused by light of other elements present in the matrix. The err
pically, they cause an erroneously high reading. In the case of background influences
nCalso occur. The most important spectral interferences for both Pb and Cd are listg

readings c4

m in

ition

ines

Ents.

or is
low
d in

Table C.1.

Table C.1 — Recommended wavelengths and interfering elements for Pb and Cd

20

Element Wavelength Interfering element
nm
220,353 Al, Co, Fe, Ti
Pb 283,305 Cr, Fe
214,441 As, Cr, Fe, Sc, Sb
Cd 226,502 As, Co, Fe, Ni
228,802 As, Co, Sc
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Because of the differences between various models of satisfactory instruments, no detailed
instrumental operating instructions can be provided. Instead, the analyst will need to refer to the
instructions provided by the manufacturer of the particular instrument.

If the peak shape changes in comparison with the peak shape generated by a single element solution,
line overlap could be the reason. Background changes are best identified by overlaying spectra of blank,
standards and samples. Also, the comparison of results for a given element measured at different lines
will indicate spectral interferences.

C.3.3 Non-spectral interferences

C.3.3.1 Physical interferences

Thege are generally considered to be effects associated with the sample nebulization and other
trangport processes of the sample from the sample container to the plasma.

They are caused by the change in viscosity, density and/or surface tension. They may result in
signjficant errors, especially in samples containing high dissolved solids and/or acid congentrations.
Thege types of interferences can be reduced by matrix-matching (if the ‘concentrations of the analytes
are high enough, dilution of the sample may be the preferred way),\the use of an internpl standard
(provided no excitation interferences are encountered) and/or utilization of the method pf standard
addition.

C.3.3.2 Excitation interferences

Depending on the relation of the room (operating) temperature to the plasma temperature| the change
of the plasma temperature due to the introduction 6f'sample may cause an increase or decfease of the
signpl. In addition, elements which readily release electrons may change the electron depsity in the
plasmma, which may influence the distribution between atomic and ionic transitions. Alkalin¢ metals (Li,
K, Ng) are highly susceptible to excitation interferences, particularly on axial viewing. This interference
can be reduced by keeping the room temperature at 22 °C * 2 °C.

C.3.3.3 Chemical interferences

They are characterized by molecular compound formation, variation of oxidation state| and solute
vapqrization effects. These(intérferences are very rare. However, when encountered, they may cause
serigus errors.

C.3.3.4 Detecting-non-spectral interferences
In ofder to detegt'the non-spectral interferences, recovery experiments should be performegd.
1) Ppilution

fcthe analyte concentration is sufficiently high (at least a factor of 10 above the iffstrumental
detectiomiimitafter dilutiuu), theresultsofthe dlld}_ybib of aditutionrneedsto agree within £10 %
of those obtained from the undiluted sample (or within some acceptable control limit that has been
established for that matrix).

2) Standards additions (spike recovery)

The recovery of a spike addition added at a minimum level of ten times the instrumental detection
limit (maximum 100 times) to the original determination needs to be within 80 % to 120 % or
within the established control limit for that matrix. If not, there could be a matrix effect.

The use of a standard addition analysis procedure can usually compensate for non-spectral
interferences.
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