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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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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The release of metal-ions from enamelled articles requires effective means of control to ensure
protection against possible hazards arising from the use of improperly formulated, applied and fired
enamels and/or inorganic decorations on food contact surfaces of enamelled articles used for the
preparation, cooking, serving and storage of foodstuffs.

As a secondary consideration, different requirements from country to country for the control of the
release of ions from the surfaces of enamelled articles present non-tariff barriers to international trade
in these commodities. Accordingly, there is a need to establish internationally accepted methods of
testing enamelled articles for the release of metal-ions

© IS0 2022 - All rights reserved v
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INTERNATIONAL STANDARD ISO 4531:2022(E)

Vitreous and porcelain enamels — Release from enamelled
articles in contact with food — Methods of test and limits

1 Scope

This document specifies a simulating method of test for determination of the release of metal-ions from

enamelled arh'r‘]nc’ which are intended to come into contactwith food

This flocument also specifies limits for the release of metal-ions from enamelled articlgs, which are
intengled to come into contact with food.

This document is applicable to enamelled articles, including tanks and vesselsywhich are intended to be
used for the preparation, cooking, serving and storage of food.

2 Normative references

The fpllowing documents are referred to in the text in such a“way that some or all of their content
constjtutes requirements of this document. For dated referéncés, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendmg¢nts) applies.

ISO 648, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumétric flasks

[SO 3585, Borosilicate glass 3.3 — Properties

ISO 3696, Water for analytical laboratory Hse — Specification and test methods
ISO 4Y88, Laboratory glassware — Graduated measuring cylinders

ISO 2B764, Vitreous and porcelainenamels — Production of specimens for testing enamels qn sheet steel,
sheet pluminium and cast iron

3 Terms and definitions

No tefms and definitions are listed in this document.

ISO apd [EC maintain terminological databases for use in standardization at the following pddresses:

et

$0_Ounline browsing platform: available at https://www.iso.org/obp

— IECElectropedia: available at https://www.electropedia.org/

4 Principle

For the release of metal-ions, if present, from the surfaces of articles or test specimen, a mass fraction of
3 % (density) of an acetic acid solution shall be used. Three consecutive release tests shall be performed
on the same day using the same sample and a fresh test solution per test. The first two release test
solutions (M1, M2) are discarded. Only the third release test solution (M3) shall be used for analysis. A
blank test (B1, B2, B3) is required for each release test, of which only the third release test solution (B3)
shall be used for analysis.

©1S0 2022 - All rights reserved 1
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5 Reagents

During the determination, use only reagents of recognized analytical grade and only distilled water, or
water of equivalent purity, grade 3 water conforming to the requirements of ISO 3696.

It is permissible to prepare proportionately greater quantities of test solution and analytical solutions

than specifie

5.1 Acetic

din 5.2.

acid, (CH;COOH), concentrated, density p = 1,05 g/ml.

5.2 Test solution, acetic acid, a 3 % (density) solution.

By means of
concentrated
sufficient qu

5.3 Analyf
[CP-analysis

5.4 Dishw]|
dilution.

6 Appard

Use only labd
where they ¢

6.1
Table 1. Othd
GF).

6.2 One-m
specified fof
volumetric f1

6.3 One-m
class B or be

6.4 Gradu
specified in

ICP splectrometer, with a limit of detection,.at least six times lower than the release lini

acetic acid (5.1) and make up to 1 1. Prepare the test solution freshly prior te\use 3
hntity to enable the whole of any group of tests and analysis to be completed.

ical stock solutions, the standard stock solutions or multi-element solutions, us
shall be used.

jtus

xist, and made of borosilicate glass as specified in ISO 3585.

r analysis equipment that achieves the equivalent performance may also be used (e.g.

ark volumetric flasks, capacities 100 ml and 1 000 ml, conforming to the requirel
class B or better one-mark volumetric flasks in ISO 1042. Other sizes of one
asks may also be required.

ark pipettes, capacities 10 ml and 100 ml, conforming to the requirements specifi
ter one-markpipettes in ISO 648. Other sizes of one-mark pipettes may also be requ

ated measuring cylinders, capacities 50 ml and 500 ml, conforming to the requirej
SO 4788Other sizes of graduated measuring cylinders may also be required.

6.5 Vessel

a graduated measuring cylinder (6.4) add, to 500 ml of water, (30 + 1) g (286 xlnl) of

ind in

bd for

ashing agent, commercially available, non-acidic dishwashing detergent in common

ratory glassware, conforming to the requirements of appropriate International Standards,

its in
AAS/

ments
mark

bd for
ired.

nents

polytetrafluoroethylene (PTFE).

4SS or

6.6 Vessels made of borosilicate glass, in accordance with ISO 3585, internal diameter 80 mm,
external diameter 90 mm, height 36 mm, 10 mm diameter of the filling hole.

The calculation of the surface/volume (S/V) ratio is reported below.

Each chamber has an internal diameter of 80 mm. Therefore, the tested area, a, of one test plate is
5 025 mm? (a = -r?) where r is the radius of the test plate.
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The volume of the chamber, V, with a height, h, of 36 mm and a gasket thickness, e, of 2 mm is calculated

from Formula (1):
V=(h+2-e)-a €3]

V= (36 mm + 2:2 mm)-5 025 mm? = 201 000 mm?3
The S/V ratio can be calculated from Formula (2):

2
S_5025mm” _0oc m ! 2)
V201000 mm?

The SYV ratio for two plates that shall be used, therefore, is equal to 0,05 mm-™1.

6.7 |Silicone gaskets, internal diameter 80 mm, external diameter of minimum 90 mim, thickness
2 mm|

6.8 |Silicon stoppers, diameter 10 mm, 20 mm length.
6.9 [PTFE-thermo insulating plate, dimension of minimum 105,mm x 105 mm, 2 mm thickness.

6.10 |Blank samples plate made of borosilicate glass, in.accordance with ISO 3585 andl dimensions
of mipimum 105 mm x 105 mm, 2 mm thickness.

6.11 (Flange frame, of corrosion resistant steel.
6.12 |Heating apparatus, able to support the release test temperature, e.g. (95 * 2) °C.

6.13 |Beaker, to preheat the test solutiofiymade of borosilicate glass, of minimum 600 ml volume. The
beakdr is also used as a blank sample container when testing articles.

6.14 Borosilicate glass lid, inraccordance with ISO 3585.
6.15 |Release test lab apparatus, see 10.1.1.

7 Samples

The 13boratory sample shall consist of four single test plates or two articles, identical in material, shape,
dimenpsions.and decoration. The sample may be specifically produced test plates or actual industrially
prodyced-articles.

For testing vitreous and porcelain enamelled tanks and vVessels, test specimens prepared in accordance
with ISO 28764 shall be used. These test specimens shall be tested as flat ware.

If a different enamel product is used for the rim or lid of a tableware article it shall also be tested.

8 Preparation of samples

Wash the samples briefly in an aqueous solution at (40 # 5) °C containing 1 ml/I of dishwashing agent
(5.4). Rinse the samples thoroughly with tap water, then with distilled water and allow to drain. Wipe
dry with clean filter paper. Do not use any sample that shows residual staining.

Do not handle the surface to be tested after it has been cleaned or prepared.

For articles, an alternative cleaning procedure shall be used if specified in the article’s product manual.

©1S0 2022 - All rights reserved 3
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9 Test conditions

For enamelled surfaces that are used at room temperature only, the test conditions shall be 24 h at

(40 = 2) °C.

For enamelled surfaces that are used for hot fills, the test conditions shall be 2 h at (70 + 2) °C.

For enamelled surfaces used for grills and barbecues, due to the short exposure time, the test condition

shall be 30 m

in at (95 + 2) °C.

For enamelled surfaces that are used for high temperature applications, including cooking, the test
conditions shall be 2 h at (95 * 2) °C.

Where tests
tests at othel

For all test
temperature

The use of 9
atmospheric

The concent

spectrometey. Q
N
10 Procedure 1%
)
10.1 Release test ) ®$
Q\
10.1.1 Relepse test lab apparatus \O

The release
test in the ce

are performed using the 2 h at 95 °C condition, there shall be no requirement t

ration of metal-ions released is determined with an i

conditions specified, as the 2 h at 95 °C condition is the most severe. 01/

P

temperatures, ensure that the temperature of the simulant refers Cé\he req
and not only the temperature of the oven or the bath.
@Qy that is caus

O
'n%tlvely coupled plasma

5 °C instead of boiling conditions is specified to eliminate vari
and other influences on the boiling conditions.

tlcally creating three adjacent cells, one for a
n either side of it (see Figure 1).

est apparatus shall be assembl
ntre and two stagnation test cel

rform

uired

ed by

(ICP)

blank

Figure 1 — Release test apparatus with three testing chambers
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Borosilicate plates are used as blank sample plates (6.10) instead of enamelled plates.

Place a PTFE insulating plate (6.9) between the enamelled sample plate, in contact with the non-
enamelled face and the steel flange (6.11). Very carefully mount the silicone gaskets (6.7) between the
glass ring (6.6) and the sample plates on each side, taking care to prevent the silicone gaskets coming
out of the glass ring rim. In this way, each of the two test cells have two enamelled coated faces in
contact with the test solution. The middle chamber has two blank sample plates in contact with the test
solution.

Fix the screws, then place the cell horizontally. Fill the single parts of the apparatus with the test
solution (5.2), preheated to the required test temperature, from the beaker (6.13), taking care to

elimi

and p
samp
shall

10.1.

The S
casse
recal

M

Prehd
temp
level
boros
ensur

ate all the air bubbles that form near the walls. Then, close the apparatus with the s
ut in the heating apparatus (6.12); this starts the release test procedure. Rinsing ofjt
es or blank sample plates between each release test is not necessary, however; the
be completely removed between each release test.

D

Release from enamelled articles

Vratio used shall be always the same: 5 dm-1. This corresponds, for-€xample, with
Fole article used for cooking. If it is not possible to achieve the.requested ratio, a 1
ulation of the results shall be done using Formula (3):

3= M3 x 5/(S/V)

at the articles to the required test temperature. Also'preheat the test solution to the
brature in the beaker (6.13). Fill the preheated articles with the preheated test solut

oppers (6.8)
he enamelled
test solution

a small sized
hathematical

3

required test
jon (5.2) to a

pf two-thirds of their height. For articles that cannhot be filled, immerse the preheated articles in a

ilicate glass container of an appropriate shape and fill the container with preheated
ing that the correct S/V ratio is achieved:"In order to eliminate evaporation, cover t

test solution,
he articles or

glass [container with a borosilicate glass lid (6:14).

Along with the articles under test, a blank test is required. The blank test is performed uging a beaker
(6.13) and a S/V ratio of 5 dm-1. In order to eliminate evaporation, cover the beaker with g borosilicate
glass|id (6.14).

Put the articles and the blank in the heating apparatus (6.12); this starts the release tes

Rinsi
shall

10.2

Using
sever
soluti

ng of the articles or blank between each release test is not necessary, however, the
be completely reméved between each release test.

the pipette, remove a quantity of the release test solution and allow it to run back inf
hl times, avoiding dilution or evaporation loss in the process. Alternatively, the W
oncan be transferred in a suitable vessel and then, after cooling (with a cover), into ¢

t procedure.
test solution

Sampling therelease test solution for analysis (sample measuring solution)

o the sample
'hole sample
sample vial.

Transfer the release test solution or a part of it to a suitable vessel. This is the sample measuring

soluti

on. Perform the analysis as quickly as possible.

All three release tests will be done using the same test plates or enamelled articles. Only the test
solution of the final release (M3) shall be used for measuring. The blank sample shall be measured as

well (

B3).
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11 Expression of results

11.1 Reporting

The result, which is compared with the limits, is the arithmetical mean of the differences of the metal-
ion analysis M3 from the samples/articles tested and the blank sample solution B3 for each tested

metal.

The release limit shall be greater than M3 - B3.

Both results of the sample solutions, as well as their mean value, shall be expressed together with the

limits for all
The results §

An article is
metal-ions r¢

i -
TIITUATTIUILS.

hall be expressed as precisely as 1 pg/l.

Table 1 — Release limits

deemed to comply with specified limits when these are not exceeded by the.values pf the
leased, determined as specified in Table 1.

Release limit

Element

Hg/l
Al 1000
Ag 80
As 2
Ba 1200
Ccd 5
Co 100
Cr 250
Cu 4000
Li 480
Mn 1800
Mo 120
Ni 140
Pb 10
Sb 40
\Y 10
Zn 5000

NOTE Anlgex A provides explanatory information on the limits.

If the results from the test exceeds specified limits up to a maximum of 20 %, the enamel concerned is
nevertheless deemed to comply with the limits if a second test is made and the mean value of the two

tests does not exceed the specified limit.

11.2 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 4531:2022;

b) anidentification of the articles tested, including their type, origin and designation;

c) the place and date of sampling;

© IS0 2022 - All rights reserved
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d)

f)
g)
h)

j)
k)
D)

the date of receipt and date of testing the sample;

the S/V ratio of the test;

details of the sample cleaning procedure if different to that specified in Clause 8;

the number of samples tested;

each single result, in accordance with 11.1, and the mean value for each metal-ion expressed as

ng/l;

whether the article tested satisfies the requirements for release limits specified in this document;

QO

5]

o8]

hy relevant information relating to uncertainty of measurement;
hy unusual features noted during the testing;

hy deviations from the procedure.

© IS0 2022 - All rights reserved
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Annex A
(informative)

Explanatory information on release limits

A.1 General

The method
release of mq
solution (ug

are based on|
body weight
specific grav
to the search

A.2 Relea

NOTE Th
the preparati

In the absen|
published by
contact matg
Res(2013)9 g
are relevant

As Resolutio
field on vitrg
cobalt. The
enamels. The

The release limits given in this décument can change when new knowledge regarding risk asses

on human he

A.3 Lithiym

For vitreous
providing flo

described in this document provides a process to obtain a test solution simuldtiy

1) correspond to the concentration that would be equivalent in 1 kg of cooked faod. Al
the model of European Food Safety Authority (EFSA), whereby a standard’human of
consumes 1 kg of food per day. Therefore, the limits in pg/d or pg/kgiare similar. 4
ity of the test solution is also close to one, the resulting concentratiomin pg/1 corres
ed value of pg/kg or ug/d.

se limits

e derivation of toxicologically justified limits related to metal*intake has not been underta
n of this document.

ce of published legal limits, the limits laid dowh*in this document correspond to
the Council of Europe in Resolution CM/Res{2013)9 on metals and alloys used iy
rials and articles[t]. It is noted that this docuiment only uses the limits from Resolutio
nd not the test method protocols. The test method protocols identified in this docy
hnd applicable for vitreous and porceldin’enamel.

h CM/Res(2013)9 and the correspondent technical guide Reference [2], do not cov
bous and porcelain enamels, an exception had to be made for two elements: lithiur
blements beryllium, mercury~and thallium are not detected in vitreous and por
refore, no observation is heeded.

alth related to metabintake is available or in the event that legal limits become availg

and poreelain enamels, lithium is a necessary matrix element and a network transf
w to the enamel, whereas in the field of metals and alloys it is regarded as a contamin

g the

tals into the food under worst-case conditions. The concentration of the metalsWithin this

| data
60 kg
\s the
bonds

ken in

limits

food
h CM/
iment

br the
n and
relain

bment
ible.

brmer
ant or
lation

an impurity.

Therefore, the application of an allowance of 10 % is deemed to be incorrect. In dev|

to Reference

[Z], no allowance 1s applied for the purpose of this document.

A.4 Cobalt

For vitreous and porcelain enamels, cobalt oxide is a necessary oxide providing adherence on steel
substrates and acting as an intermediate oxide in the glass matrix. In deviation to Reference [2], no

allowance is

applied for the purpose of this document.

A.5 Mercury

All mercury compounds decompose on heating above 500 °C. It is not possible to maintain mercury
inside vitreous and porcelain enamels. Any mercury would evaporate either during the smelt or during
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