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Abstract  

A test method was developed for bakeware made of ceramics and other vitreous materials, as an 

alternative to the testing method specified in legislation. The method provided a reliable 

assessment of exposure to elements migrating from the bakeware into food on cooking. Tests on 

numerous bakeware articles were made by both the new and legislative methods, to allow 

comparison of performance and thereby the risk of prepared food containing excess elements over 

human recommended daily intakes. 

Authors 

James P. Snell, Geert Van Britsom, Silvia Garcia-Ruiz, Eddo Hoekstra 
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1 Introduction 

DG SANTE is working on a revision of the Council Directive on ceramic food contact materials (FCM) 

[1] for lowering the maximum permissible migration of Cd and Pb in the light of updates to EFSA risk 

assessments. In addition the aim is of broadening the scope of the Directive to other elements of 

concern and other vitreous materials such as glass and enamel. For making detailed risk 

assessments it is necessary to have migration test methods that simulate well the use of the 

ceramic FCM. Currently this is not the case since the current migration test for checking compliance 

of all types of ceramics is performed at 22 °C for 24 h using a 4 % (v/v) aqueous acetic acid.  

Bakeware presents a particular challenge in that it is intended to be used at elevated temperatures, 

and this was found to increase migration of elements into the food simulant.[2] However, both the 

current Directive and ISO standard 6486 [3] specify migration testing at room temperature only. 

While existing methods are only intended to evaluate migration of Cd and Pb, future legislation is 

likely to include other elements of concern. For example, enamelled metal baking trays are often 

coloured black by pigments containing a mixture of transition metal salts, which often include 

elements considered harmful even at low concentration, such as Co[4] and Ni [5]. Previous work 

demonstrated that migration tests using a tomato sauce at elevated temperature could provide a 

comparative method for bakeware. [6] However, the natural background levels of elements in the 

tomato sauce obscured element migration from the test items for all elements except Cd and Pb. 

This report details further experiments undertaken to identify suitable food simulants and a suitable 

test method for migration at a temperature similar to that at which bakeware is used. Second 

heading of body of report 

                                                 

 

1  COUNCIL DIRECTIVE of 15 October 1984 on the approximation of the laws of the Member States relating to ceramic 
articles intended to come into contact with foodstuffs (84/500/EEC) (OJ L 277, 20.10.1984, p. 12) 

2 Demont, M., Boutakhrit, K., Fekete, V., Bolle, F., Van Loco, J., Food and Chemical Toxicology, 734-753, 50, 2012 
3  ISO 6486-1:2019. Ceramic ware, glass ceramic ware and glass dinnerware in contact with food  Release of lead and 

cadmium  Part 1: Test method 
4  Scientific Opinion on safety and efficacy of cobalt compounds (E3) as feed additives for all animal species, EFSA Journal 

2012;10(7):2791 
5  Scientific Opinion on the risks to public health related to the presence of nickel in food and drinking water, EFSA Journal 

2015;13(2):4002 
6  Snell, J., Van Britsom, G., Garcia-Ruiz, S., Hoekstra, E., Migration of elements from bakeware with different food 

simulants, European Commission, Geel, 2020, JRC122392 
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2 Experimental 

2.1 Preparation of food simulants 

For migration experiments made according to the test method specified in the Directive, a solution 

was prepared of 4 % (v/v) acetic acid (Merck s.p.) in water purified to 18.2 M resistance by a 

Milli-Q Q-Pod system (Merck-Millipore Corp.). 

The tomato sauce was prepared from tinned, double concentrated homogenised tomato paste 

(Carlo Manzella, Castel S. Giovanni, IT) and Milli-Q purified water. Diluted citric acid (Merck, for 

synthesis) was added until the pH fell below pH 3. A typical batch included 13 kg of tomato paste, 

24 kg of water and 2.2 kg of 20 % w/v citric acid.  

The synthetic stewed apple was prepared from the ingredients listed in Table 1.  

Table 1. Synthetic Stewed Apple Simulant 
 

Source Raw   
(%) w/w 

"-25 % water"  
(%) w/w 

Water Milli-Q Purified 86 64 

D(-)-Fructose VWR Chemicals 6.5 8.7 

D(+)-Saccharose VWR Chemicals 4.0 5.3 

Pectin, pract. Thermo Scientific 2.5 3.3 

Starch, pro analysis Millipore 0.5 0.67 

DL-Malic acid Merck 0.5 0.67 

Source: JRC 

The composition was prepared according to the approximate means of publicly available nutritional 

information, apart from the malic acid content, which approximates the industry-standard grading 

 0.45  %. For the food simulant, the 

water content was reduced by 25 % to simulate evaporation of water on preparing stewed apple. 

The synthetic stewed apple food simulant was prepared in batches as follows. About half of the 

desired batch volume of purified water was placed in a glass bottle with a magnetic stirrer, and was 

heated . The starch was added slowly with constant stirring, until it had dissolved. 

The mixture was then heated . The fructose, sucrose and pectin and were 

mixed in a beaker, and were then added slowly to the bottle. Once all components were completely 

visibly dissolved, the mixture was allowed to cool to room temperature. Finally, the malic acid was 

added, with stirring, and the mixture was diluted to the desired volume with purified water. 

2.2 Migration protocols 

Before migration tests, test items were rinsed with distilled water and dried.  

For migration tests at 22 °C, test items and bottled food simulant were placed in a temperature 

controlled oven (Memmert ICP500) and a temperature probe (Fluke 1502A) was placed into the 

food simulant. Migration tests were begun once the temperature of the food simulant had reached 

22  0.5 °C, by filling the test items. For tests at 95 °C, test items and bottled food simulant were 

placed inside a temperature controlled oven (Thermo Heraeus UT 6760, Thermo), and were held at 

95 °C for 2 h prior to starting the migration test by filling the test items. A Delta Ohm RTD 
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Thermometer fitted with SICRAM Module Pt100 thermocouples (Senseca, Padova, IT) was used to 

monitor temperature in the samples. 

2.3 Measurement protocols after migration 

4 ml samples of the 4 % acetic acid food simulant were taken and were diluted by adding about 

16 mL of 2 % (w/w) nitric acid gravimetrically (Merck s.p. diluted in Milli-Q purified water) before 

measurement. For the tomato sauce and the synthetic stewed apple food simulant, samples of 

about 4.0 g were weighed into Teflon tubes and about 3 mL of concentrated nitric acid (60 % (w/v) 

Merck s.p.) was added. The samples were then digested in a pressurised microwave digestion unit 

(Ultrawave, Milestone). Temperature was raised to 220 °C over 55 minutes and held at 220 °C for 

30 minutes. Digests were then diluted by adding up to 50 g of purified water into the tubes, mixing, 

and diluting with 2 % nitric acid. 

Element contents were measured using a Thermo iCAP TQ Inductively Coupled Plasma Mass 

Spectrometer (ICP-MS). Samples were measured in kinetic energy discrimination mode, using 

yttrium as an internal standard and a five standard linear regression. The elements of concern that 

were measured were Pb, Cd, Al, As, Ba, Co, Ni and Cr. Certain additional elements were measured on 

occasion, such as Ti, V, Mo and Cu, to assess both instrumental interferences, and to assess whether 

their presence influenced the amount of migration of other elements. 
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3 Results and Discussion 

3.1 Design of the study 

The aim is to compare migration of elements at the elevated temperatures at which bakeware is 

used, and for the shorter times at which bakeware is heated, with the test method currently 

specified in legislation [1]. This required development of new test methods for which performance 

criteria, such as the repeatability and reproducibility, were at a level comparable to the existing 

method.  

Standard method for baseline 

According to the Directive [1], a solution of 4 v/v % acetic acid in water is used as food simulant. 

The items are tested at 22°C ± 2 °C for 24 h ± 0.5 h.   

3.2 Performance on heating 

It was observed that after heating to 95 °C for up to 6 hours, the synthetic stewed apple food 

simulant did not show any significant physical change: It remained an apparently homogenous 

solution. Evaporation was assessed by weighing several filled test items before and after migration 

at 95 °C. In none of the test items the mass of synthetic stewed apple food simulant reduced by 

greater than 3 %. A test was made heating the synthetic stewed apple food simulant up to 125 °C 

for 2 h. While the synthetic stewed apple food simulant did not boil at this temperature, due to the 

sugar content, there were apparent physical changes: Caramelisation was apparent, particularly at 

the edges of the test item, and lumps had formed within the food simulant. It was therefore 

concluded that the food simulant would remain sufficiently homogenous and almost unchanged in 

volume at 95 °C, but not higher. 

After migration tests at 95 °C, the synthetic stewed apple food simulant was stirred before 

removing test portions to ensure homogeneity. This was verified by making measurements on four 

test portions each on three enamel test items. The four measurements showed standard deviations 

of about 2 % for samples from each of the items, which is the expected level of repeatability of the 

measurement method (data not shown). It was therefore safe to assume that following stirring, 

migrated elements are distributed homogenously in the synthetic stewed apple food simulant.  

For an experiment at 95 °C over 2 hours, time/temperature profiles were recorded with probes 

placed in the oven, the apple juice simulant and at the interface between a ceramic bowl and a 

filling of simulant. Figure 1 shows the profile, with the start time of the experiment set at 0 

minutes. The profiles show that when the sample item, a pre-heated ceramic bowl, is filled with 

pre-heated apple juice, the temperature at the item-simulant interface drops to 93 °C. Over the two 

hours of the test, evaporative cooling of the simulant reduced the temperature to 90 °. After 

opening the oven door to place the sample, the air temperature recovered to the set point within the 

5 minute sampling time of the temperature probes. Evaporative cooling was greatly reduced in 

comparison to previous experiments with 4 % (w/w) acetic acid as food simulant, at 95 °C. 
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Figure 1. Temperature profile of synthetic stewed apple food simulant at 95 °C (red) and oven 

temperature (blue) 

 

Source: JRC 

A time/temperature profile was also recorded for a 5 L glass bottle filled with apple juice simulant 

when placed in an oven at ambient temperature that was then switched on. This showed that the 

oven air reached 95 °C within 20 minutes, and the centre of the simulant reached 95 °C within 5 

hours. 

3.3 Background levels 

The creation of the synthetic stewed apple food simulant was largely motivated by the need for the 

food simulant to contain significantly lower levels of the elements of interest than the expected 

migration limits. Throughout the project, successive new batches of the food simulant were made, 

and tested for the background levels of elements. In addition, the source and purity of the 

chemicals used was optimised to lower the background, for example by changing the source of the 

pectin used. Table 2 gives background levels from an early batch (6) and from a later batch (20) 

with composition as described above in Table 1. 
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Table 2. Typical background concentrations of elements in apple juice food simulant, expressed in 

mg/kg. For comparison, the discussion starting values (DSVs) of the EU Survey on revision of 

legislation for ceramic food contact materials are given. 

Element Batch 6 Batch 20 DSV 

Al 1.564 0.048 1 

As 0.000 0.000 0.002 

Ba 0.267 0.026 1.2 

Cd 0.000 0.000 0.002 

Co 0.002 0.000 0.02 

Cr 0.029 0.012 3.6* 

Cu 0.132 0.018  

Li 0.000 0.002  

Mn 0.075 0.016  

Ni 0.025 0.008 0.02 

Pb 0.004 0.000 0.01 

V 0.002 0.001  

Zn 0.163 0.013  

Source: JRC 

*For chemical forms other than Cr(VI), which is banned 

3.4 Comparison of migration at room temperature 

To evaluate the suitability of the synthetic apple juice for migration experiments, migration from 

identical items into apple juice was compared with migration into acetic acid. Standard conditions of 

24 h at 22 °C were applied. Enamelled metal loaf tins in 3 different colours were selected, and the 

mass fractions of elements that migrated was measured in four tins of each colour. The results are 

shown in Table 3: 

Table 3. Mean mass fractions migrated (mg/kg food) from enamels into synthetic apple juice (AJ) 

or acetic acid (AA) at 22 °C; RSD relative standard deviations for acetic acid migration (n=4) 
 

Grey Blue Black 

element  AJ  
mg/kg 

AA 
mg/kg 

RSD 
% 

AJ  
mg/kg 

AA 
mg/kg 

RSD  
% 

AJ  
mg/kg 

AA 
mg/kg 

RSD  
% 

Al 0.287 0.161 9 0.139 0.201 18 0.895 0.675 41 

Ba 0.004 0.039 17 0.043 0.083 16 0.081 0.060 28 

Cd <0.001 <0.001 
 

<0.001 <0.001 
 

<0.001 <0.001 
 

Co <0.001 <0.001 
 

0.052 0.076 21 0.044 0.025 41 

Cr <0.001 0.002 
 

0.009 0.007 15 0.022 0.017 27 

Cu 0.006 0.008 13 0.051 0.064 22 0.206 0.118 43 

Li <0.001 <0.001 
 

0.016 0.045 19 0.076 0.089 50 

Mn 0.002 0.001 27 0.052 0.081 20 0.349 0.187 43 

Ni <0.001 <0.001 
 

0.024 0.025 23 0.067 0.039 40 

Pb 0.001 <0.001 
 

<0.001 <0.001 
 

<0.001 <0.001 
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Zn 0.024 0.057 15 0.033 0.095 45 0.020 0.006 12 

Source: JRC 

The relative standard deviations given are those between sets of four tins, for the acetic acid 

migration.  

Each measurement was corrected for the background blank concentration measured in the 

respective food simulant. For Al, Zn and Ba, the background mass fractions found in the batch of 

synthetic apple juice used exceeded 50 % of that estimated from migration. Relative standard 

deviations for most elements in the black and grey tins were too high to allow a reliable 

comparison.  

From the data above, the proportions given in Table 4 were established for the blue tins.  

Table 4. Relative migration (%) into apple juice (AJ) compared with acetic acid (AA) for the blue tin 
 

AJ/ AA 
% 

Co 68 

Cr 122 

Cu 79 

Li 35 

Mn 64 

Ni 95 

Source: JRC 

For each element that was measurable in these test items, levels of migration appear similar for 

both food simulants, taking into account variance between the individual items tested.  

To evaluate whether the performance was similar for ceramic items the test was repeated using 

the ceramic bowls previously produced for a PT. For these bowls, the release of Cd and Pb was 

easily measureable by the standard method, which was not the case for any enamelled metal items 

tested. Three successive migrations had been performed on sets of four bowls by the standard 

method, and for comparison, three migrations were also made on sets of four bowls with the apple 

juice food simulant. The mean measured concentrations in the sets of four bowls are shown in 

Figure 1, together with vertical bars representing their standard deviation. 
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Figure 2. Concentrations of Cd and Pb on 3 successive migrations with acetic acid or apple juice 

using the standard method 

 

Source: JRC 

With the exception of the first migration for Cd, the migrated concentrations of Cd and Pb appeared 

to be identical for both food simulants, within the observed deviation between items. 

The release of a wider range of elements from the ceramic bowls was measured. However, no 

relationship could be established between the two food simulants as the concentration levels were 

low and the deviation between the four items was comparatively large. The homogeneity of release 

of these elements between different items had not previously been evaluated. 

An additional test was made with the enamelled loaf tins to evaluate whether the levels of 

elements that migrate would increase over time. The results for the blue tin are given in Table 5.  

Table 5. Mean mass fractions (mg/kg) migrated from the blue tin into apple juice over 8 days 

 
24 h 8 days 8d/1d 

Co 0.044 0.064 1.5 

Cr 0.022 0.033 1.5 

Cu 0.206 0.287 1.4 

Li 0.076 0.107 1.4 

Mn 0.349 0.498 1.4 

Ni 0.067 0.093 1.4 

Source: JRC 

The observed migrated amounts increased by about one third over the 8 day period. This indicates 

that the results of a standard 24 h test are unlikely to significantly change, if the time of the test is 

not strictly respected. This behaviour is similar to that found with a 4 % acetic acid food simulant. 

[6] 
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3.5 Comparison of heated apple juice with the standard method 

Having established that the migration is similar between 4 % acetic acid and the synthetic apple 

juice, tests were made to evaluate how migration rates would change at temperatures used for 

baking.    

A variety of ceramic and enamelled metal items of bakeware were filled with synthetic apple juice 

that had been held at 95 °C

guideline for metal kitchenware7. The apple juice was stirred and sampled after 2 h of being 

maintained at 95 °C in the oven. For each sample type, migration tests were made on 4 new 

individual items. The element contents measured in the sampled apple juice were corrected for the 

background levels of elements measured in the food simulant before filling, and were compared 

with results obtained by the standard method with 4 % acetic acid for 24 h at 22 °C. 

Table 6 lists the mean mass fractions of elements that migrated into the sets of four items, and 

could be measured reliably. Results were excluded for tests in which the background correction, that 

is the amounts subtracted as present in the food simulant, exceeded 50 % of the measured value. 

Results were also excluded for measurements in which the relative standard deviation between 

items exceeded 30 %. This was most commonly observed for the tests by the standard method, as 

the lower amounts migrated by these more often approached the method LOQ.  

Table 6. Migrated eleme  

 Item             

Element CBC CBM CSB CSF CWB PT21 ELB ELG ELK EM ERP EWP 

Al   0.7 1.1 32   0.9 5.7   2.7     1.3 

Ba 0.4   0.9   2.8 3.2 7.1 7.9 3.2 8 25   

Cd         2.5 3.7          

Co 0.5   0.9   1.4   11.5   6.8 7     

Cr     1       2   3.6 5     

Cu     1       9.9   5 6 33 1.4 

Li             5.3   2.4 4 40 1.3 

Mn             12.4   6 8 16   

Ni             4.6   4.6 4 2   

Pb 0.4       1.7 3.6             

Ti                     16   

Zn 0.4 1 0.8     4.1 4.8 10.5 3.1       

Source: JRC 

                                                 

 

7 Beldi, G., Senaldi, C., Robouch, P. and Hoekstra, E., Testing conditions for kitchenware articles in contact with foodstuffs: 
plastics metals, silicone and rubber, paper and board, Publications Office of the European Union, Luxembourg, 
2023, doi:10.2760/80698, JRC134290 

https://publications.jrc.ec.europa.eu/repository/handle/JRC134290
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Figure 3. Comparison of migrated element mass fraction ratios (AJ/AA) for different tin cans 

 

Source: JRC 

When comparing the standard method with the elevated temperature of 95 °C for 2 h, it is apparent 

that migrations increased significantly for all elements (AJ/AA > 1). However, the proportion by 

which this increased varied between both the elements themselves, and between the different 

types and colours of the items. The elements that for which significant amounts migrated into the 

apple juice were much the same as those found by the standard test: Ceramic items were chosen to 

allow measurement of Cd and Pb, and these were not found to migrate from any of the tested 

enamelled metal samples. Conversely, migration of transition metals was observed from many 

enamel items, together with higher amounts of Ba. The elements that migrated could often be 

linked to the colour of the glaze of the food contact surface. Both white glazed ceramic and 

enamels released larger amounts of Ti. However, the quality of the data was not sufficient for Ti to 

be able to draw any conclusion. Darkly coloured enamel items released a mixture of transition 

metals, as black glaze is typically a mixture of their pigments. 

The results indicated that ceramic and enamel items showed different behaviour on heating. For 

ceramic items, the amounts migrated often did not change significantly compared to the standard 

method. In contrast, migration from enamelled metal items was greatly increased by heating, 

typically by 5  10 times. However, the concentration of transition metals that migrated from 

ceramic items was often low, and significant deviation was seen between items. 

Confidence tests were made to establish the significance of the difference between the standard 

method and the method of 2 h at 95 °C using apple juice food simulant. These showed no 

significant differences (95 % confidence by t-test) for any element for the ceramic items, with the 

exception of the bowl used for a previous PT scheme, while there were significant differences for all 

elements in the enamelled metal items.  While an element dependent change in migration with 

temperature was observed, this is difficult to evaluate conclusively, as different elements migrate 

from the different sample types. In spite of the variance in the collected data, an assessment was 

made of between-item and between-element results for ceramic items, the results of which are 

presented in Annex 1. 
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The combined variance of amounts migrated with ethanoic acid and with apple juice between items 

of the same type was about 25 %. This was largely due to the amounts measured by the standard 

so reflects the 

heterogeneity of the individual tested items. Therefore, tests were made with the factory-fabricated 

enamel loaf tins, which showed migration of several elements, and the ceramic bowls previously 

used for a PT scheme (PT 21), which showed measurable release of Cd and Pb, to evaluate the 

significance of the change in migration with temperature. 

The enamelled metal loaf tins were filled with synthetic apple juice that had been held at 95 °C. The 

apple juice was stirred and sampled after 2 hours of being maintained at 95 °C in the oven. Tins 

with three different colours of glaze were selected and 4 new individual items were measured for 

each colour. Table 7 lists the mean mass fractions of elements that migrated from the sets of four 

items into the apple juice food simulant, and could be measured reliably (considering background 

correction and method variance) along with the relative standard deviation between the items. 

Table 7. Migrated element concentration into apple juice at 95 °C for 2 h 
 

Loaf Tin Grey (ELG) Loaf Tin Black (ELK) Loaf Tin Blue (ELB) 

Element mg/kg RSD % mg/kg RSD % mg/kg RSD % 

Li 
  

0.217 15 0.238 9 

Al 
  

1.822 6 1.147 14 

Cr 
  

0.059 12 0.015 25 

Mn 
  

1.125 14 1.011 11 

Co 
  

0.170 15 0.876 10 

Ni 
  

0.177 14 0.116 11 

Cu 0.066 15 0.593 11 0.634 9 

Zn 0.596 5 0.019 12 0.458 9 

Source: JRC 

These results were compared with the migration found by the standard method, with acetic acid at 

22 °C for 24 h. Factors were calculated by dividing the migrated mass fractions into apple juice by 

that into acetic acid (AJ/AA), as reported above in Table 6. Figure 3 shows these comparative 

amounts together with vertical bars representing the sum of squares of the deviations between 

items in both studies.  

When comparing the standard method with the elevated temperature of 95 °C for 2 h, it is apparent 

that migrations increased significantly for all elements. However, the proportion by which this 

increased varied between both the elements themselves, and between the different coloured items. 

As indicated by the error bars, in each case with the exception of Li in the black tin, the amounts 

migrated were significantly higher, taking into account all sources of variance on the 

measurements. 

For the ceramic bowls previously used for a PT scheme (PT 21), release of Cd and Pb was 

investigated in the same way. On this occasion, three successive migrations were made by each 

method. The results are presented in Figure 4, where vertical bars represent the standard deviation 

of tests on 4 items. 

For the first migration, the concentrations of both elements that migrated was significantly higher 

for the heated apple juice. For the 2 following migrations, while the measured values were still 
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higher, the differences were not greater than the standard deviation observed between the 4 

respective test items. 

Figure 4. Release of Cd and Pb from ceramic bowls 

 

Source: JRC 

3.6 Repeated migration 

Selected test items were tested for three consecutive migrations, as certain compliance tests are 

on repeated use. Tests were made with synthetic apple juice for both 2 h and 6 h at 95 °C, with 

items being rinsed with distilled water and stored overnight between tests. The items tested were a 

red ceramic bowl, to assess Cd and Pb migration, and two colours of enamel loaf tins, to assess 

migration of transition metals. The detailed results are given in Annex 2.  

As shown in figure 2, there was a comparative increase in migration of about 2 times for each 

element in the 6 h tests compared to the 2 h tests. This is consistent with the results of the kinetic 

studies described above. For Cd and Pb in the ceramic test item, and for Al, Co and Ni in the enamel 

items, the relative amounts that migrated on successive tests decreased by about one half from the 

first migration to the second, and by smaller amounts from the second migration to the third 

migration. The only exception was for Ba in the enamels, for which the third migration showed a 

slight increase over the second migration. Both observations are consistent with the relation found 

for repeated migration tests by the conventional method at room temperature.  

  



 

15 
 

Figure 5. Migration on three consecutive tests, selected elements 

 

Ceramic Bowl 

  

Source: JRC 

 

Black enamel loaf tin 

 

 

Source: JRC 
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Blue enamel loaf tin 
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4 Conclusions 

The study aimed to compare the migration of specific elements from ceramic and enamelled metal 

bakeware under two conditions: standard (4% acetic acid (AA), 22 °C for 22 hours) and elevated 

temperature (synthetic apple juice (AJ), 95 °C for 2 hours). The migration behaviour of Al, As, Ba, Cd, 

Co, Cr, Ni, and Pb was assessed using ICP-MS. Various ceramic and enamelled metals bakeware 

items, including bowls, cups, mugs, baking pans, plates and loaf tins of different colours were 

tested. 

 Food Simulants and Test Conditions: The apple juice food simulant showed useful prop-

erties for testing at 95 °C. In comparison with acetic acid there was no unpleasant fuming, 

no visible corrosion of the surfaces of artisanal ceramics, and greatly reduced evaporation, 

which could cause deviation between tests. Furthermore, the use of purified compounds to 

make the food simulant reduced the background levels of elements relative to natural food, 

which reduced the background correction necessary on measurements.   

 Migration at Room Temperature (24 h): The amounts of elements that migrated from 

ceramics or enamels into the apple juice and 4 % acetic acid were the same, within a some-

times substantial deviation for certain elements. 

 Migration at Elevated Temperature (95 °C for 2 h): Release of elements from enamels 

was significantly higher at 95 °C after 2 h compared to 22 °C for 24 h for most enamelled 

metal items. For ceramics, migration appeared to be increased at 95 °C after 2 h compared 

to 22 °C for 24 h for many elements, However, the differences were lower than those for 

enamels, and were not significant when taking into account between item variance. 

 Repeated Migrations: Migration levels roughly doubled in 6-hour tests compared to 24-

hour tests. However, relative migration decreased progressively with each successive test, 

halving between the first and second migrations and reducing by a smaller margin thereafter. 

In addition, it was found that certain enamel items released levels of Co and Ni that may exceed 

future limits, when heated to 95 ºC. 
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Annexes 

Annex 1. Key to items with pictures  

Code Description Picture  Code Description Picture 

CBB 
Brown ceramic 
bowl 

 

 

ELB 
Enamel loaf tin, 
blue 

 

CBC 
Earthenware 
cazuela dish with 
blue glaze 

 

 

ELG 
Enamel loaf tin, 
grey 

 

CBM 
White ceramic mug 
intended for baking 

 

 

ELK 
Enamel loaf tin, 
black 

 

CDC 
Ceramic dark grey 
cup 

 

 

EM 
Enamel mug, black 
and white 

 

CFB 
Flower-patterned 
ceramic bowl 

 

 

ERP 
Enamel roasting 
pan, black 

 

CKB 
Small black-lined 
ceramic bowl 

 

 

EWP White enamel plate 

 

CLC 
Ceramic light grey 
cup 

 

 

PT21 

Ceramic bowl with 
red glaze, used for 
the EURL PT of 
2021 

 

CSB 
Small ceramic bowl 
with dark green 
glaze 

 

    

CSF 
Ceramic Soufflé 
form 

 

    

CWB 

White ceramic 
bowl with blue 
decoration, used 
for a previous year 
PT scheme  
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