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REFACE

This report was prepared at the recuest of the Health .
Protection Directorate of the Directorate CGeneral for Social
Affairs of the Commission of the European Communities, Luxembourdg.

Among the subjects treated in this report a comparison is
made between national legislations and a nroposition for a
proposal of directive of the Council of the approximation of the
laws of the Member States relating to ceramic articles intended
to come into contact with food (limitation of extractable cuan-
tities of lead and cadmium).

In the meeting of the Division Pemoval of Technical Barriers
of an Industrial Mature of the Directorate A - Movement of foods
of the Directorate General of Industrial Market held in Brussels
on 6 June 1975, the MNational Experts present examined the report
prepared by A&se Engberg and F. Bro-Rasmussen: “Study on infor-
mation already available in the literature on food contamination
caused by lead and cadmium in ceramic houschold containers®.

The Experts recommended that this document he circulated to
National Representatives and other hodies and organizations
interested.
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NOTICE

In the following study, emphasis has been given to a
comparison of existing or proposed national regulations

of EEC member countries, as such have become available

" to the authors, partly in their capacity of national ex-

perts to the EEC working group on Lead and Cadmium Relea-

ses from Ceramic Surfaces.

The use and interpretations of such regulations, propo-

sals etc. is solely the responsibility of the authors.

As a standard for comparison, methods and test limits

have been chosen, which were considered by the said wor-
king group in document XI/422/74 during the time of the
study, i.e. the period May-September 1974. Since then a
final proposal for a harmonized directive has been presented
by the EEC-commission to the Council through document

R/112/75 or COM(7u4)2173 of 18. december 1974. A recalcula-

- tion of all study data in the light of this document has

been made and may be found in the format of a listed

Appendix to the report.

The authors wish to express their gratitude for the sup-
port given by the EEC Commission, Health Protection Direc-
torate which initiated and made the study possible. The
interest and assistance in supplying additional information
from the side of the chairman and from individual members

of the EEC working group is also greatly acknowledged.
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Chapter 1 | -
1) INTRODUCTTION.

"l.l frémgs‘of the studv, h . o

In the request for this studv from the Health Protection Directorate of .
the Commission of the Furopean Communities, the frames of the present work

‘have been defined as follows:

a)’anestigation into the felation between the présent.danger of food
contamination from ceramic household containers, bearing 1n mind the
1 conditions in Whlch thev are used, and the quality of ceramic surfaces,
l assessed by methods of analvsis at present used by the community mem-

ber states.

b) Attem?t to assess contamination of humans based on Acceptable Dailv

Intake.

‘1.2 Sources of information.

. In the attempts to meet these requirements, information has been searched

‘along‘the following lines-

a) An EDR-literature search was made, covering Chemical Titles through

‘the vears 1962-1967, and Chemical Condensates (alias Chemical Abstracts)
_from 1963~ 1974. A

Ej A manual cross reference search was based on these primary sources.

c¢) A request for unpublished information was sent to selected off1c1al
laboratories and institutions in each>of the Community membef states.

d) Some information from industrial laboratorles was used, namelv from .
Féderation Européenne des Industries de Porcelaine et de Faience (F.J.P F.)
and the Deguqsa Farben I.G.. Germany.

; ‘e) Results of experlmental work at the Mational Food Institute, Denmark

were reviewed. Only parts of these results have heen published earlier.

The information thus obtained has been used in the following way-

1.3 Study performance.

- ' .o 3 L n‘ i
we o Stage 1t Fvaluations of test methods for simulative extractions (cfr.

Chapter 2).



"‘The analvtlcal test methods on 1ead and cadmlum extractahilztv from ‘

1;"ceramic surfaces differ widely betweeg the countries in which reoulatlons

are alreadv established. A comparison of these methods must therefore.

necessarllv involve evaluations of those parameters which are of importance

‘for the extractlon rates of lead and cadmium durlng the tests and which

are 51gn1f1cant for the effect of hoth the test liquid and of the food
The dominant parameters in this context are:

a) the acidity of the test solution

b) the temperature

c¢) the duration of the test and

d) eventuallv the light conditions.

Stage 2: Comparison of different Furopean test procedures (Chapter é)

In‘theilight_of the varying effects of the individual test parameters,

the different national test procedures (legislative, recommended standards
or proposals under consideration) are investigated. Focusing on the atteﬁpts
to harmonize such procedures, it is hereby emphasized to evaluate the in-
dividual methods against a common model of comparison. For this purpose,

a choice has been made of the preliminary proposal for a harmonized EEC~
method, which was presented in the spring of 1974 to a working party of
experts under the Directorate General for the Internal Market of the Commis-

sion of the EEC (Doc. XI/u22/74).

With the present, nearby confusing situation of manv'different methods in

use, such a framing of the discussion is felt to be of utmost importance.

As an intermediate outcome of the study, this comparison is concluded in \

an estimate of the relative degree of restriction imposed on ceramic ware
by the different test methods, all measured towards the degree of restrlction

given by the model for comparison.

Stage 3: Collected information on quality of marketed ceramic ware in

Europe (Chapter 4).

In this section of the studv, a review is made of some national surveys

of ceramic utensils which have been presented during the later years. ,
Although much of such surveving has heen based on selected - often suspected -
specimens of ceramic-ware, thev will usuallv pinpoint the most 1mnortant

quality problems connected to ceramic surfaces, and they may dlselose,tnends'

or special problems which are found common for the survevs,
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Here the different types of ceramic surfaces (plaln decorated enamelled
etc.) are treated separatelv their behaviour during. the tests 1s examlned
and a concluding attempt is made to estimate the impact of a common test

method . Yi&‘ the selected FEC working-group method; on the survev results. .

As an integral part of this examination, it is for each of the survevs
further attempted to evaluate the possible consequences of an éventual

lowering of the limits below those of the EEC working-group method.

Stage 4- Characterisation of food as the receiving medium for migrating

lead and cadmium (Chapter 5).

The ultimate aim of the study is to relate the extraction of lead and
cadmium in simulated test procedures to the corresponding potential mi-
gration into food. In this context special attention has been paid to

the acidity of food.

Stage 5: Available information on experimental studies on migration inte

food (Chapter 6).

.Having evaluated these parts individually, the study proceeds to discuss:
_the direct information which is available on the comparability of simulated
tests and practical food exposure. The results from direct experimental
comparisons are reviewed, and an attempt is made to evaluate the contamiL
nation of food which may he expected from such containers, utensils ete.
for which the release of lead and cadmium corresponds to the limits undér

discussion.

Stage<6: Assessment of potential total food contamination from ceramic

surfaces (Chapter 7).

Such levels of contamination., when added op from typical situations. of
- daily eating habits, may be taken as representative estimates of the

potential migration loads on the diet concerned. When these estimates are

b

compared to the provisional, tolerahle daily intakes as they are established

by FAO/WHO expert groups, it is the assumption of the study, that the best
possible evaluation is thereby achieved on the degree of food protection

which is obtained from the given set of regulating limits.
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v

Stage 7 Supplementarv review on ceramic ware as cause of lead p01sonrnp
| etc. (Chapter 8). - |

i

Finally, in order to study the circumstances, which have so far been
involved in actual cases of lead poisoning etc. from the use of ceramic

'uten31ls3 a sunnlementary review on case stories described in the literature‘f

is in cluded

Follow-up of the studv.

' This study has been made parallel to the work 6f the FEC-Commission working

group of experts from which sroup some sources of information have been

drawn or - through ‘the kind assistance of individual members - made avail-

‘able. An important part of this information, of course., is the drafted

working-groﬁp document (Doc. XI/u22/74) to which has already been referred
above. Although only of a preliminary nature, this paper has been the

" arbitrarily chosen standard of comparison and has therebv become intimately

connected to the numerical results of the study.

Towards the end of 1974, i.e. after the termination of the study péeriod,
however, a proposal for a directive was prepared by the EEC-Commission
and presented as the final version for the Council (R/112/75—COM(7M)5173).
Among the changes and amendments introduced by this version the féllowiné-
deserve special mentioning:

A) A‘fcrmeriy considered provision of a 100% higheb limit value for the
first extraction out of two has been abandoned. As far as can be ‘judged
from the observations of the present studv, this change is especiallv
of significance for overglaze decorated ware, for which it will in many

cases introduce a 50% reduction of the decisive limit.

B) An originally considered hot test procedure for cookingware is replaced
by a 24 hour cold test, at the same time reducing'the numerical valué
of the limit to 50%. ' :

'é) As a new concept. the final proposal introduces a special set of pro-

visions for so- called "children’s tableware“, therebv acknowledglng the -

special needs of protectlon for this age group.

These changes will evidentlv be of significance for the degree of protection




pr1n01pal cons1deratlonq concerning the corresoondence between test

N e e, n

and safety connected 0 the rlsk of mlgration of lead and cadmium which

is ultlmatelv impoced bv a harmonlzed Communitv dlrectvve Homever in

‘the context of the present study and its adopted set of calculations.

only the first mentioned (A)‘above) will glve a direct 1mpact on the

calculeted results of the report. The second (B),above) givés rise to -

procedure ‘and practlcal use. Pormallv however , it will not. be of

significance for the concludlng_results.

To- conclude the present studv, a supplementarv studv has therefore been

~made -

‘final stace" Recalculation of studv data based on the final version of .

a proposal for FEC-directive (Anpendix).

Baéed_on the detailed provisions of the final version of the EEC Commission

oropoéél a full recalculation of the studv data has heen made. To avoid
interference with the adopted presentation of the studv this has been at-
tached as an Appendix to the study. In a few individual cases recalcula-

tions are given tosether with appropriate technical comments, and as a.

. matter of convenience. in the original text an editorial remark has been

added referring to the Appendix. whenever the final directive proposal ’

has imposed a change of the studv calculations.
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Chapter 2

\
)

Regulations and test methods in the FEC countries.

' Objects with ceramic surfaces normally used for household utensils include

thevfollowing types:

1) Ceramic products such as earthenware, faience, majolica, stoneware
and porcélain,

2) Ceramic enamels for metal-coating and

3) Glassware.

For the time being, the quality of such surfaces with regard to release

of lead and cadmium is assessed in the countries within the FEC by the

methods of simulative extraction which are shown in table 1. In this

table is included for comparison the extraction conditions found in the -

'Edeworking group document XI/u22/74.

It is noted that several of the regulations or vroposals, including the
test considered by the working eroup, are limited to ceramic surfades of
the abovementioned type 1, avoiding enamelled metals and glassware. Con-
sequentlv, the present'work will mainly be concentrated on the surfaces
of type 1. Only in a few cases, where enouch information has been avail-

able, the enamels and glassware will be treated.

It is observed that differences between the national regulations exist

for all parameters of interest: The legislative character of the reculations,

the kind of metals involved, the concentration and temperature of the
test solution (though in all cases, acetic acid solutions are used),

the duration of the test and finallv, the limits for permissible release
of lead and cadmium. It is mentioned that other parameters (not mentioned
in table 1) such as definitions of hollowware versus flatware, filling
heights during extraction etc. mav exist and varv considerably. Some

of them may be of a certain interest in special cases, but they will

not be treated in the present work.

The character of the national regulations.

3 countries (Demmark, Ttaly and Western Germany) have legislative regula-
tions in force. While the Nanish legislation is rather new (1972).

the Italian and German legislations are considerable older. Recause -

N
[
4
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of their zero limits.for lead and the lack of limits for éadmium; how-,
ever, they.are presently under conSideration for revision in the two
countries. A Dutch proposal for iegislation has béen,reported aé‘ﬁéing
neérly finalized. In the United Kingdom and Ireland, preference has

been given to recommended standards rather than to legislative measures.

»

Concentration of acetic acid test solution.

Apart from the 1% solution prescribed by the Ttalian legislation from
1962, the acetic acid concentrations usually chosen are 3% or u%;Xin

2, resp. 4 countries).

The basis for choosing the 3% acetic acid seems to be an assumption

that 3% acetic acid forms an azeotropic mixture with water, which is

" then considered preferable, especially for hot tests. This assumption,

which is supported by the information in the Handbook of Chemistry: and
Physics (cfr. 54th ed., 1973-74), has not found confirmation elsewhere. BN
Thus, investigations on the acetic acid/water svstem made by Gilmont -

et al. (19u44) and Conti et al. (1960) show no azeotropic behaviour of

" the system at all (cfr. also Beyersdorfer, 1973). The boiling point

of the mixture of acetic acid and water is smoothly increasing from
.0 . . . o s .
100° - 118°C when the concentration of acetic acid is raised from 0 - S

100%.

Consequently, the claimed advantage of a 3% acetic acid in stead of
the u4%. which is favoured by the majority of countries inside and outside

the FEC. seems to te unjustified.

It is interesting to note the findings of Peco (1972) and Xrinitz et al.

(1973), that the variations in extractive power of acetic acid within

the ranges 1 - 4% and 4 - 5%. respectively, are actuallv very limited,

if not without significance in connection with lead extraction.

Using 12 pairs of idéntical vessels of overelaze decorated porcelain,
Peco finds an averasce difference in lead reléase of :0.02 nig/litre
(from #0.6 to +1.0) between 1% and 4% acetic acid extractions. The
range of lead releases in these 12 doublet samples was from 0.1 - 7.8

mg/litre in the 24 hr/u% - tests.
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<Q In anather serles d¢ ll doublet samples of faience. and maqulba obiects‘H
“‘the range was 0.5 - 19.8 mg/lltre Here, the average dlfference between
% and 4% extraction results was 30,61 mg/litre (fpom 4.8 to + 1.5).

‘Similarly, Krinitz et al. (1973) finds for 18 identical ceramic test

cups: N
5% acetic acid ’ 4% acetic acid
0.5 hr 24 hr 0.5 hr 24 hr
. \
Lead release(mg/l) 23.6 , 101.9 24.1 92.9
Range 17.2-36.8 72.8-167.4 15.9~28,1 64,5-122.4
_ Standard deviation 4.2 26.8 2.9 16.0

- Thus there are hardlv anv significant differences between u%.and 5%

acetic acid, as far as extractive power is concerned.

This préctical lack of dependence of the acid strength is probably

due to the rather moderate variation of the hydrogen ion concentration.

pH is only decreas1ng from 2.78 - 2.48 when the acetic acid concentration

is increased from 1% to 4%. A further reductlon, however, of the acid-
concentration may be expected to give rise to a decrease in the extractive
power. At least, the extractive power of pure water is markedly lower.

This is f.i. shown in the results Dubllshed by Engbersg (1972), where boiling:
extraction with water for 1 hour is compared to 4% acetic acid for 1 hour

resulting in ratios of 0.005 - 0.75 between these two systems.

In connection with the latter experiments, it is especially noted that

" the ratio was highest for objects with a relatively low lead release.

As for the connection between cadmium extraction and acntlc acid

concentratlon no data have heen found in the llterature.

Temperature of test solution and sample.

With minor deviations, the test temperatures which are in use or proposed
within the Community are centered around QOOC, 40°C and lOOOC, i.e,
a range which may be expected to influence the extraction rates of

metals gréatly.
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Theoretically, the-rele;se of“iead and cédmiuﬁ from cefamicfSurfaee;“
may be regarded as chemlcal reactlons for which the reaction veloc1tv

is determined by the.actlvatlon energy 1n accerdance with the classical’

- "rule of thumbs" by van't Hoff. ‘This would mean that the rate of release
'vexpectedly would be doubled for each temperature rlse of 10° C assuM1ng )

. a "normal® order of magnltude for the activatlon energy.

© In practice, however, other processes as f. i. diffusion may be‘invoived‘ﬁ
- Such processes could also be temperaiure dependent, but most probably
then to a much lesser extent. Dependent on whichever of these processes
-is the decisive, wide variations can therefore be expected and this

is also experienced in experiments on lead extraction from various

types of ceramic surfaces.

Temperature dependence of lead release

’For'o§erglaze—decorated ware, several sources of information are available
. coricérned wifh the temperature dependence of the lead release by acetic
acid extraction. As examples should be mentioned the following direct
.-comparisons of test at 100°¢ during 1.5 hours and at room temperatufei
(i;g; 20° - 250C) during 24 hours between which the theoretical ratio

. after the van't Hoff rule should be from 12 (25° - 100°C) to 16 (20° -
100°¢): , «

1) Beyersdorfer (1973) tested 3 ceramic overglaze colours and 4 glazes

without coloured pigments with the following results:

Pb-Abgabe

Farbe 1 Farbe 2 Farbe 3
n. An0 2 .
A: 22°C/24h - mg/dm 0.14 0.18 0.20
B: 100°C/1.5h-mg/dm> 0.34  0.33 0.31
Ratio B:A 2.43 1.84 1.55

Fluss 1 Fluss 2 Fluss 3 Fluss 4
A: 22°C/24h - mg/dm’ 0.08 0.04 0.04 36
B: 1OO°C/1.5h-mg/dm2 0.22 0.13 0.09 95

Ratio B:A . 2.75 3,25 2,25 2.63
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‘It is seen that thé ratios: between hot and room temperature extractions

are-1.6 - 2.4 for the ceramic coléurs, and fromlé.a,— 3.3 for the unpig-

‘mented 'glaze mixture. While these sets of values are most certainly

not significantly different, they are both considerébly lower than the

theoretical;y expected values mentioned above.

2) Engberg (1973) reports for overglaze decorated surfaces that lead

release ratios between thé Danish test and the 24hr/room temperature
test are in the range 1.1-9.0. Six out of 8 ratios were between
1 and 3:

mg Pb/1 at 25°¢C ' 10.0 3.35°3.55 0.20 0.29'8.0 21.7 0.09

o . i
Ratio.MB/L at 100 C, 90 min 1.1 1.1 1.7 1.8 2.8 2.9 5.2 9.0

mg/1 at 25°C, 24 hrs

Thus, in these two reports from different sources there is a good agreement

that the ratio between hot and cold temperature lead release typically

. is within the range 1.5 - 3.0. In one case, only, out of 8, Engberg (1973)

found a value of 9, approximating the theoretical ratio of 12,

As far as the intermediate temperature-range is concerned, the Food
Inspection Service at Haarlem, The Netherlands (1974) has examined

13 x 2 samples of decorated ware at uOOC for 3 times 2 hours in comparison

with 20°C For 24 hours. Theoretically, these two procedures should be

equivalent when the effects of temperature and test duration are both

taken into consideration. In practice, the examination of the 13 pairs
of results for onglaze decorated ware showed an average ratio of 1.12

(range: 0.31 - 2.0) bhetween the 6 hours/uooc and the 24 hours/20°C

procedures, i.e. on the average rather near to the theoretical equivalence.

Tor the conclusion, this means that there is indication of a fairly good

agreement between the theory and practice as far as these overglaze
decorations are concerned, when only a temperature range around and a

little above room temperature is considered. As this, however, is overlapped
by a lowered temperature dependence in the temperature range from 20° -
lOOOC, it seems well justified to interpret the over-all information ‘

as the result of a low activation energy - or a rather loose binding

of lead and cadmium in the overglaze decorations.
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qu‘plain ceramics, the temperature dependence of lead release is illustrated

‘in a‘few direct ‘experiments, only.
- . FA

jEngbefg (1972) finds for 7 cases that the ratios between lead releases

at 100°C for 1.5 hours and at ZSOC‘for 24 hours varies as follows:

mg Pb/1 at 25°C | 225 44 24,8 2.6 0.87 0.43 0,043

mg/l at lOOOC,QO min
mg/l at QSOC9 24 hrs

Ratio: 0.44 1.1 1.5 2.2 5.4 9.3 1l0.0

These results clearly demonstrate that the temperature dependence increases . - .

- with decreasing lead release, approximating the theoretical ratio value
of 12 in cases of very small release. In the three cases for which the
releases were great - and in fact, well above any regulatory limits -
the ratios are near to 1, i.e. for such objects the impact of a boiling
test for 3 x 30 minutes is practically equivalent to a 24 hours storage

at room temperature.

The data of Krinitz (1973) and Peco (1972) which have alreadv been
quoted, fit rather well into this pattern: o

Krinitz finds as the average for 2 x 18 identical cups a lead release

of 102 ﬁg/litre at 22°C and of 83 mg/litre at 60°C (both extractions
for 24 hours). The corresponding ratio between high and low temperature
extractions is 0.81. This indicates a practical independence of the
temperature of the lead release from these cups. As they are characterized
by a very soluble lead glaze, this is in good accordance with Engberg's

findings above.

It should be mentioned that after the first 30 minutes in Krinitz'
experiments, a ratio of 2 was established, which indicates that a higher
activation energy was required to loosen the lead from the surface
during the initial part of the test period. However, the factor of 2 is
still much lower than the factor of 8 which in this case would be
expected, if the rate of liberation was determined by the velocity of

a "mormal" chemical reaction.

R 3
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,Peco‘(1972),vin'his experiments with 6 pairs of faieﬁdeﬁobjeqts, .

finds a ratio of 2.7 between averages of lead releases'ét MOOC with

- 3% acetic acid and at 20°C with 4% acid. This ratio should be compared

with a theoretical ratio of 4 and therefore points in the same direction

as the other'experiments, namely an often lower practical temperature
dependence than theoretical. The observation that, in this case, the
relative deviation from theory.is less pronounced than above is already
well-explained by the fact that Peco's faience objects were of a relatively
good surface quality, i.e. with low lead releases (cfr, Engbergs results

above).

It is also in Peco's experiments interesting to note that in a secoﬁd 24
hour extraction, the ratio between averages at 40°C and at 20°C was. 2.8,
while at the third extraction it had risen to 4.4, During these three

tests - the lead releases decreased from 4.4 mg/litre through 3.5 mg/litre
to 1.4 mg/litre (all at 20°C). Therefore, here again a decrease in lead

release is connected to an increase in the temperature dependence.

The Food Inspection Service at Haarlem (1974) has investigated 8 x 2
different plain ceramic objects, at 40°C for 3 x 2 hours, respectively
at 20°C for 24 hours. As mentioned earlier, the releases of lead should

"theoretically" be equivalent. The following ratios are found:

Object type ) 1 2 3 4 5 6 7 8
mg/l at 24 hours,20°C - 28.6 13.1 9.2 8.2 5.2 2.6 1.7 1.0

6h40°C

S 0.57 1.05 0.80 1.26 0.78 1.1 2.76 2.08
24h20 C

release ratio

It is noted that the average ratio, theoretically being 1.0, is found
to be 1.30 (range 0.57 - 2.76), and that the regularity in the rise

of temperature dependence with diminishing lead release is not so clearly

demonstrated for this narrower temperature range as for the abovementioned

range of 25 - 100°¢.

Conclusively about the influence of temperature on the lead release from

different types of ceramic surfaces, it can be generalized that a rather
low degree of dependence is found in cases of overglaze decorated ware and -

J]
of plain ware which is characterised by high lead releases, while on the

opposite a more pronounced temperature dependence, approximating theore-
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tically expected values, 'is typical for plain surfaces with low lead

releases.

Temperature dependence of cadmium release.

Only a few sources of information are recorded on this question. At the
Danish National Food Institute, Engberg (1972) compared the cadmium
release from 3 pairs of objects by 3 x 30 minutes extraction at lOOOC‘and
by 24 hours followed by 96 hours at 25°C as follows: -

Samples (enamelled iron) Release of cadmium (in mg/litre)

3x30min,100°C 24 hrs,25°C 96 hrs,25°C

Dish, orange 4.95 (2.32x) 2.13 0.66
Dish, yellow 6.25 (2.98x%) 2.10 ‘ 1.09
Bowl, orange 9.95 (1.31x) 7.58 . 3.27

The ratios between hot and cold (24 hr) test results are indicated in
parantheses and it is seen that thev are similar to those found for lead

release from overglaze decorated porcelain.

As far as the temperature range 20° - 40°% is concerned, the Food Inspec-
tion Service at Haarlem (1974) has compared the cadmium release from

8 double samples of onglaze decorated ware at 40°C for 2 x 3 hours

with the release from.8 doublet objects at 20°¢c for 24 hours. In this
case, the ratio of high to low temperature release was 1.09 (ranging
from 0.28-1.87), which is nearly equal to the ratio of 1.00, predibted
theoretically. Here again, the results are closely corresponding to

those. found in connection with lead releases.

Duration of test

Most commonly, a 24 hour test period is prescribed for tableware. Excep-

tions are the Dutch proposed regulations which suggest 3 x 2 hours test
. rd

with the 3

bing 3 times 30 minutes with the total.amount of lead from the three

extract as the decisive, and the Danish regulations prescri-

extracts as basis for evaluation.
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In order to asséss*the releéée‘of'lead'by continued practical use, it

is found useful to consider the change in released amounts of lead and
cadmium as it develops in a series of subsequent extraétions. This is
done in the following two tables (table 2 and 3) which summarize results
from a number of different sources. Evaluating this data, at least two

observations seem to be justified:

1) There are considerable variations in the release versus time-rela-

tionship according to the types of surfaces, and

2) there are considerable variations in this relationship, when comparing
the hot method on the one side and the cold extraction methods on the

other.

For lead, when‘considering the hot test only, it is seen from'table ?

(A) that there is a reasonably constant release throughout the 3 extrac-
tions of the decorated surfaces and of the plain surfaces with elevated lead
releases. This is measured in terms of second and third extraction -

rates, both related to the released lead in first extract. Varying

in the range from 0.75 - 0.94, these ratios are on the average suffi-
ciently near to 1.0 to indicate that the releases into second and third

" extract are of the same order as the release into the first extract.

For lead crystal surfaces and for plain ceramic glaze surfaces with
a low lead release, the situation is different. Here, there is a signi-
ficant, often sharp, drop in lead release from the first-extract to the

second and third.

Turning to the cold extraction methods (3 x 24 hrs at room temperature

or at 40°C) a practically opposite pattern is exhibited by the results

in table 2. Although a certain decrease in the rate of lead release :.

in 3 consecutive extractions can be seen for both types of objects,

such decreases are most pronounced for surfaces with relatively loose
binding of the lead, i.e. the onglaze decorated ware and the plain

" surfaces with high releases. The more constant or only moderately decrea-
sing releases are in this case found for plain surfaces with a low lead

release.



Table 2: '
Tlme—relatlcnsshlp of lead release in 3 concecutlve extractions

KAl=Pb in l - extract; A2=Pb in Q‘d extract; A3=Pb in 3F rd extract)

A)‘Hot extraétion>(lOO°C/3 x 30 min/4% acid) (Engberg, 1872)

Plain surfaces Onglaze decorated Lead crystal

Number of objects 17 15 Sy 7 9

Total release,i.e:

Aj+A tA, (mg/l Y 0-3 3-30 0-3 3-30 0-7

b o =

Rat‘io,A2 : Al 0.54 0.94 - 0.87 0.23
' Ratio A3 : Al 0.45 0.75 - 0.82 0.17

B) 40°C extraction (3 x 24 hr/3% acid) (Sampaclo, 1973)

- Number of cbjects 15 17 1 16
First release,i.e.
Ai‘(mg/l) - 0-1 1-232 0-1 1-673
Ratio A2 : Al 0.74 0.64 0.51 0.26
Ratio 53 : Al 0.69 0.51 0.51 0.19

- ¢) 50°C extraction (3 x 2 hrs/4% acid) (F.I.S., Haarlem, 1974)

Number of objects 8 12

Total release,i.e.

AjtA tAg (mg/li 1-29 1-19
' Raﬁlo A2 : Al 0.28 0.30

Ratio A3 : Al 0.19 0.21

D) Room temperature extr. (2 x 24 hrs/1% acid) (Peco, 1973)

Number of objects 17 9
. First release,i.e. . 1-23 1-10
A (mg/1)

Ratio A2 : Al - . 0.55 0.38




Ta.blle 3: . . . ' . - \ | &

. Time-relationsship of cadmium release in 3 consecutive extractions.

' . .St . : :
~(Al = Cd in 17~ extract; A2 = Cd in 2nd extract; A3‘= Cd in 3rd extract) o

" A) Hot extraction (100°C/3 x 30 min/4% acid) (Engberg, 1972)

Plain enamelled : Decorated faience - : *
iron surfaces and procelain \ b
- Number of objects (7_objects) (6 objects) e e
. Total release,i.e. 3 - 16 mg/l 1- 10 mg/l e
A+ A, + A c
A N - :
Ratio A, : A, | 0.29 0.85 S
Ratio A3 : Al 0.24 1.22 . e

B) 40°C extraction (3x 24 hrs/3% acid) (Sampadlo, 1973)

Plain ceramics Decorated failence
co and porcelain

. Number of objects (5 objects) (6 objects)

- First prelease,i.e. 0.2-100 mg/l 0.2-17 mg/l o S
A Soi A AN o
1
Ratio A2 : Al 0.48 0.23
Ratio A3 : Al 0.40 0.18

‘C) 40° extraction (3 x 2h/3% acid) (F.I.S., Haarlem, 1974)

Decorated Falence
and porcelain

* Number of objects ‘ (8 objects)
Total release,i.e. 0.07-1.29 | ‘
Al + A2 + A3 _ S | o
i o 0.70 S
Ratlo_A2 : Al . ‘

ti ; ' ' ' 0.36
Ratio A3 : Al ,
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These observations seem to support the conclusion, that surfaces of
a more rough or soft character (which is often typical for overglaze
decorations or for plain surfaces of a simpler quality) areurather‘suscep*

tible to penetration by hot acid. New surface-layers may be uncovered

- from one ectraction to another and the leachability can be maintained

in subsequent hot acid treatments.

For the lead crystal and for the plain ceramic glazes of low solubility,
the surfaces may better be characterized as smooth and/or hard. Here,
the first hot extraction seems to remove a loose surface layer of lead
constituents. During the following emtractions, it is probably more dif-
ficult for the hot acid to penetrate through the surface layer, and the

release of lead will be found decreasing.

In a similar set of explanations concerning the cold test conditions,

the cold acetic acid is less aggressive and operates mainly by removing the
loosely bound surface layers of lead. Consequently, the release can

be expected to decrease for all types of objects, although at a greater

rate, the looser the binding. This is in accordance with the observa-

tions that the most rapid decrease is found for overglaze decorated
surfaces; intermediate values are connected to plain surfaces with

elevated or high lead releases (i.e. more than 1 mg/litre in first

. extract) and the slowest decrease is found for plain surfaces of good

quality.

For cadmium (cfr. table 3), a similar difference in surface resistance

is observed by hot extraction between plain (red, orange and yellow)

enamelled iron surfaces on the one hand, i.e. a pronounced decrease
of cadmium release, and decorated faience and porcelain surfaces on
the other hand, i.e. a nearly constant rate of release in three conse-

cutive extractions.

In room temperature extractions, the repeated cadmium releases also

follow the pattern described for lead: The less aggressive cold acid
removes the loose surface layer with the first extract, whereafter
the releases decrease in the second and third. This is especially pro-

nounced in the cases of decorated porcelain.
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‘When evaluating the quallty of ceramlc surfaces, these observatlons

on the metal release versus tlme-relatlonshlps should be borne in mind,

- especially when food "extraction" is simulated: In order to avoid an

© intreoduction of fundamental differences between the release patterns

by the simulated test and by practical usages, the test temperature '
which is chosen should not deviate from the normal use range more than

is practically needed for the different types of objects.

Light conditions.

It wés discovered by Carroll & Halpin (1973) that the release of cédiium
into test solutions is often strongly dependent on light conditionms.
From the summary and foreword of their report AC/M1-11/73, the following
is quoted: ‘
"The release of cadmium into acetic acid solutions from glazed ceramic
ware has been found to be dependent on the light conditions in which
the tests are carried out. Extractions using acetic acid are wideiy ‘
used in National Standards to set limits on the amount of lead and

cadmium which can be leached from ceramic glazes.

The release of lead is not affected by the light conditions. The
amount of cadmium released is dependént on the illuminaﬁce and the °
period of exposure to light during the extraction. The effect also
occurs if the acetic acid is replaced by other organic or inorganic

acids as the leaching solution.

The extraction of cadmium was also found to take place when water

was used as the leaching solution.

Two types of release of cadmium would appear to occur, the first
which is independent of light, and the second type which is believed
to be due to the photo-oxidation of cadmium'sulphide or sulpho-sele-
nide. The latter reaction is inhibited.by'the addition of an antioxi-
dant to the leaching solution. Oxidising conditions will enhance the

release of cadmium.

The implications of the results are important and twofold (a) present

tests procedures are inadequate in that light conditions are not taken
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into account when spec1fv1ng the experlmental condltlons of the test -
and (b) light sensit1v1tv can affect the release of cadmlum from |
glazed ceramlc ware into the foodstuffs w1th which they may come
into contact. The former could be resolved by 1ncorporat1ng light
conditions into tes{ procedures. The latter muét Bé considered in

conjunction with the overall toxicology of cadmium release from

-+’ glazed ceramic articles."

For the cadmium release tests which are reviewed in this report, the
light conditions are generally not specified. This means that a general
reservatlon towards the possible 1nfluence of this factor on the results
is necessary. The importance of the effect for releases into food has

not been evaluated, but of course, the reservation must also cover the

results reviewed for cadmium release into food.
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Chapter 3

Comparison of the EEC proposed directive with national regulations

and standards.

important parameters which have already been discussed are to be taken

‘In the following paragraphs, an attempt will be made to evaluate the

degree of restriction which is impdéed on ceramic products by established
limit values and test methods in the individual EEC-member states in
comparison with limits and methods as they are presently considered by the

EEC working group.
A comparison of this kind is necessarily most complicated, when all ‘the

into consideration simultaneously. And with due reference to the varia-
bilities which have also been noted, its empirical nature should be

emphasized.

If is found, however, to be a most needed and useful guideline for

the further studies, ang it will be limited to such objects, which are

usually classified as "ﬁollowware“, this being the most important group
from the point of view of protecting the food against migrated metals.

Two groups of hollowware will be dealt with separately, namely: 1)

Tableware and 2) Cookingware (including oven- and kitchenware).

Tableware, lead release.

In the EEC-working document the limit of permissible lead release is 5 mg per
litre in a 24 hr./22°C/4% acetic acid test.

This limit is attached to the second extraction as the decisive, thereby

allowing for a decreasing release from the 15t extraction, for which

a supplementary limit of 10 mg per litre is proposed.X)

In comparison, the national regulations and standards are as follows:

- Denmark.

The Danish legislation prescribes a limit of 3 mg lead per litre
in a lOOOC/S x 30 minutes test with 4% acetic acid. The practical

release under these circumstances is on the average (deviating,

x) Cfr. Appendix
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of course, for various types of surfaces) about 3 times higher ,ﬁ'
than under the conditions éonsidered by thé-EEC‘working*group; ‘
'Trénsforming the Danish numerical limit to the conditions of the.
latter, this therefore implies that the Danish limit is 5 times '
more restrictive, when the second and decisive extraction is con-
sidered. Dealing with the supplementary provision suggested for
the working group, viz. the 15% extraction limit, the Danish limit

is in the order of 10 times more stringent.

Ttaly.

The Italian proposal for new national legislation (Sampaolo,1973)
suggests a limit which is valid for the 3rd extract with a value
of 3 mg lead per litre in a 4OOC/24 hrs test with 3% acetic acid.
It is further provided, that the release by the first extraction

does not exceed 10 mg/litre.

In this case, a low temperature range is involved and - as has

been seen in the discussion above - a transformation to the EEC
testconditions will be justified on the basis of the theoretical
temperature dependence. Thus, in view of the temperature difference
of 1.8 x lOOC, the limit by the 15t extraction could be evaluated
‘as about 4 times more restrictive than the EEC working group limit

of lSt extraction, although these are numerically equal.X

Comparing on the same basis, the Italien decisive limit of the
'BPd extract against the corresponding limit of the 2nd extraction
in the EEC working document, it is seen that these are not numeri-
cally equal, and the Italian limit can be judged as in the order of
7 times more stringent than that of the working group. In this con-
nection, it is noted that the difference between releases in the
second and third extract are small compared to the differences be=

)

. . X
tween first and second extract.

" Ireland, United Kingdom and Western Germany.

In these countries a 7 mg per litre limit for lead is prescribed
for the first extract in a 20°C/24 hours test with u4% acetic acid.
(In Germany, this is expressed in a surface area migration limit,

namely 1.5 mg per dm2, which, however, is approximately equivalent

x) cfr. Appendix
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to 7 mg per litre for.hoilowwane)... : ' L ,

,

By first sight, this is a 40%'higher (mildér) limit than the limit '

considered by the EEC. As hovever, room temperature test conditions
in most cases favour a decrease (¢fr., table 2; average ratio: E
A, Al ~ 0.25 - 0.74) in lead release and the EEC working group Y
considers its limit as attached to the second extract, it seems

more justified to evaluate these national limits as being equivalent | .

to or a little stricter than the limit of document XI/422/7U.X)

Netherlands.
Under c¢onsideration for national fegulations is a 0.3 mg per dm2 'A;
limit for 1:he'3lﬂd extract of a QOOC/Q hours test with 3% acetic |

acid.

From the Dutch experimental reports (F.I.S., Haarlem, 1974 - cfr.

¢% ; ' _also table 2) it is seen that on the average, the release into

o the 3" extract is 21% of the release into the lst, and it is

| 13% of the total release into three extracts. Based on the assump-

.ﬁg‘ : tion of a temperature dependence in accordance with theory, therefore,
i ‘ the Dutch limit for the 3rd extract could be transformed to a first
P extract limit of about 2.3 mg/dm2 under the conditions considered by

L the EEC, which is fairly near to equivalence with 10 mg per litre.

-Dependent on the pattern of decrease by consecutive extractions, the

C limits under consideration in the Netherlands may therefore be slight-
)

1y milder than or equivalent to those of the EEC working group.x

N
"7 8.2 Cookingware, lead release.

The EEC working document prescribes a hot test: extraction with 4% acetic

acid for 2 hours at 12000, followed by cooling for 22 hours. The limit for

lead in connection with this procedure is 5 mg per litre. For the first

extraction, however, a 10 mg/litre release is tolerated as is the case for ;

tableware.

x) Cfr. Appendix.
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Denmark. ‘
The Danish cookingware regulations are identical to those mentioned
for tableware, i.e. a limit of 3 mg per litre in a 100°¢/3 x 30

minutes test with 4% acetic acid.

In theory, this is a test which is about 40% less sévere than ’
the test considered by the EEC, and with an attached limit, which
correspondingly‘is 40% lower. As the working group test provides
for the possibility of a second extraction, it is recalled that hot
tests are most often connected with only moderate decreases in lead
release, and the Danish regulation can therefore in this case be

evaluated as only slightly different in its degree of restriction.X)

Italy.

The proposed Italian legislation prescribes an extraction for‘a X

30 minutes at 100°C or at 120°C for cookingware, using 3% acetic acid.
This is a procedure which is at least 5 times less severe, judged

by the lengths of the extraction periods. However, one of the limits
(10 mg/l for 1°Y and 3 mg/l for Srd extract) is also somewhatnlower.
For practical purposes, therefore, the limit considered in Italy in
this field can be evaluated as being about 3 times less strict than
that considered by the EEC working group, if the extraction is made

at lOOOC, while the two proposals seem nearly equivalent if a4l209C

. . . X
extraction (in autoclave) is chosen. )

Netherlands. ,
Under consideration is a lead 1limit of 0.3 mg per dm2 for cooking
ware in a lOOOC/3 X 2 hours test, the SPd extraction being the:
decisive. No data is available for the evaluation of this procedure

against the procedure of the EEC.

United Kingdom.

The British Standard procedure is identical with the proposal con-

sidered by EEC apart from a limit of 7 mg/l for the first extract,

x) Cfr. Appendix
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compared to 10, resp. 5 mg/l for the‘first; resp. second extrégtion

in the working document test.

Thus, it depends on the decrease from lSt to 2nd extraction,lwhether
-the British or the EEC working group limits are the more severe. As

already mentioned, such decreases are only moderate, and for some .

objects (those of a fairly constant release) the BS will be milder,

'3;.“' 4 ‘while for others (decreasing from 7-10 to 5 mg/i)'it will be stricter

%5J: than the EEC working group test. %) o

Ireland and Western Germany.

a , -‘These countries do not include a specified cookingware test.

3.3 Tableware and cookingware, cadmium release

i

!¥“\* . Turning to the Cadmium 1limit values, it is noted that the EEC working group
. throughout operates with limits, which are numericallv all related to

;i‘ " the corresponding lead limits by a factor (divisor) of 10.

The national standards, legislations or proposals are all established

on the same principle, although they differ in their uses of different

factors, namely: 15 in Italy and The Netherlands, 14 in Ireland, 10
in the United Kingdom and 3 in Denmark. For comparison it is mentioned
that in the recommendations of the FAQ/WHO for provisional tolerable

weekly intakes, a lead: cadmium ratio of 3 : 0.5 = 6 is applied.

e Accordingly, an evaluation of national tests for cadmium would bhe as

follows:
Denmark.

Following the evaluation given for lead, the Danish cadmium limit,
which is 1 mg Cd per litre after 3 x 30 minutes extraction at
100°C, is 1.5 times, i.e. slightly more strict than the limit con-

gidered by the EEC working group

x) Cfr. Appendix
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For objects with a decrease from 1.0 to 0.5 mg/1l from the‘firstu
to the second extraction of 24 hours, the Danish limit is 3 times
more restrictive than the EEC working group limit.x)

‘ \
For cookingware, the Danish procedure is u40% milder and the'limit
2 times higher than the second limit of the working document. Conse-
‘quently, for objects with a constant release from lSt to second extract,
the Danish will be 5 x 2 = 3 times milder than the ERC limit. For |
objects with a release decreasing from 1 to <0.5, the Danish limit

x)

will be 1.7 times milder.

Italy.
The limit by the third extraction at 40°C for 24 hours is 0.2

mg/l, provided a maximum of 0.5 mg/l in the first extract is not
exceeded. Again, assuming a cadmium release temperature relation-
ship equal to that adopted for lead, this means that the Italian
cadmium limit for tableware is on the average 9 times lower (stric-

ter) than the FEC working group limit. X)

The Italian limit for cookingware is judged to be nearly equivalent
to (when 100°C applies) or around 2 times lower (stricter) (at 120°¢C .

extraction) than the working group testlimit, cfr. the remarks for

lead. ¥
" Ireland.
The 'Irish cadmiun limit is 0.5 mg/l, or %—4— of the Irish lead limit,

after 24 hours extraction at 16 - 23% using 4% acetic acid.

This testlimit is identical to the EEC working group limit, only
differing in that the second extract of the latter is decisive.

Thus, objects with a release between 1.0 and 0.5 mg Cd per litre in
the first extract, and <0.5 mg/l in the second, will pass the working

X)

group test, but not the Irish Standard.

The Netherlands.

For tableware, the cadmium limit is 0.02 mg/dm2 and the ratio of

x) Cfr. Appendix
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' éadmium to lead: limits is'i : 15, Referring to the evaluation
already civen for lead and taking into consideration that the - S
EEC working group deals with.a ratio of 1 : 10 for cadmium to
lead, the Dutch cadmium limit is therefore judred to be slightly

x)

more strict than the working group limit.

‘United Kingdom.

As the ratio between lead and cadmium is the same in the British
Standard as in the considerations of the working group,.the eva-

luation given for lead is also valid for cadmium. \

In conclusion of this comparison between the EEC working group test

and the different national regulations and standards it is a most strik-
ing feature, that the degrees of restrictiveness which are imposed by
these regulations etc. on the different tvpes of ceramic objects is widely

varying, ranging from a factor of about 10 down to the order of =’ *)

Wi~

This situation is illustrated in table 4 summarizine the results of

the survey. As a seneralized comment, it seems as if there is an overall
tendency for national regulations, especially in the case of tableware,
to be more restrictive than the EEC workine group limits for both lead
and cadmium. Most noteworthv is the severeness which is disclosed in

the regulations on tableware in Denmark and Jtaly, while on the other
hand these countries favour a less restrictive attitude towards cadmium,

x)

resp. lead from cookingware.

%) Cfr. Appendix ' x R
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Table 4. Ratlos estimated on restriction levels of natlonal regulatlons

in relation to EEC working group test (for hollowware <1 litre).

Tableware Cookingware .

Lead Cadmium Lead - Ca&mium,
Denmapk 5-10x  1.5-3x -2 0.3-0f6x
Italy 4=7%  7-9x 0.3-1x 1-2x
United Kingdom nlx vlx vix nv1x
Ireland 1x 1-2x * ¥
Western Germany  1x € ¥ %
Netherlands 1x 1.5x + *

x) Cfr. Appendix
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Chagter y

7 i Surveyiquthe Quality of ceramic surfaces.

! During the later years, several investigations have been made available
?3“‘ concerned with surveys of ceramic objects from retail trade in various
,‘ ’countries, f£.1, Denmark, Italy, The Netherlands, United Kingdom and
?.Q' Western Germany.

- Although such surveys do not claim to be representative of the respeetive -
market situations for ceramic objects, there do appear to be certain
common features, which reveal the location of the major problems con~.

L nected to the release of lead and cadmium.

In most cases, it is possible to identify the following 4 groups of

P " objects within the various investigations:

.o . .
.

1) Pottery, earthenware, faience, porcelain etc., with underglaze de-

coration or with a plain surface,

2) The same types of objects as under 1), but with an overglaze deco-

| ration,
3) Enamelled iron objects, and
4) Crystal glasses or decorated glasses.

In the following a review of the investigations which have been made

available will be given, covering some or all of these groups.

4.1 Surveys of ceramics in Italy.

, Sampaolo et al. (1973) have presented a survey covering 79 different
“ ‘ objects, tested with 3% acetic acid at 40°C for 3 x 2 hours. A summary

of the results for lead is as follows.
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"Type of . -  Plain or underglaze - B Overglaze decorated . =

" objects . (59 objects) . - (20 objects) .-
st nd rd ‘ st “nd rd

Extract 150 2 A 1% 2 3

Lead release , R
mg pep litre - . Number of objects

<1 40 u2 42 2 4 6
1= 2 3 " 5 1 o 1
2 - 3 2 3 3 1 2 1
3- 5 4 3 2 0 2 1
5 - 7 2 2 1 0 2 2
7 - 10 1 1 1 0 2 2
10 - 20 3 0 0 6 1 4
20 - 10 .0 0 1 1 3 2
above 40 4 Y m 9 m 2
Total number 59 59 59 20 20 20
Max. release . ’ o
mg/1 460 130 111 673 120 . 88

" From this table it can be deducted, by transforming the actual test

" jects in this survey would have passed the EEC working group test.

o

';‘“?fXX) Cfr.lAppendix.

condltlons to those considered by the EEC, that 93% of the plain ceramlc

or underglaze decorated objects and 55% of the overglaze decorated ob- ’

)

From the discussion above, it was seen that the Italian limits considered
in this field was 4 and 7 times more restrictive (for 1§t and 2nd extfggf;
respectively), and the corresponding numbers of acceptable samples foiF ‘
lowing the Italian test would have been 85% of the plain ware etc., wﬂile

only 20% of the overglaze decorated objects would pass the Italian test.?x) .

The impact, therefore, of reducing the test limit considerably below % E
the EEC working group level is relatively small for the plain ware/under- .

glaze decorated- group of objects, and it is the second extraction which = .

. seems to be the significant for this group. However, there is a considerébﬁywﬁ“

greater influence of reducing the limit when dealing with overglaze decor

x) 50% of the overglaze decorated objects would pass according to EEC-con-
ditions of doc. R/112/75
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rated ware. The data indicate, that especially the first extraction test

is of significance for the ‘latter group of objects.

As’far as cadmium is concerned, only 4 (or 7%) of the plain and under-
glaze decorated objects tested by Sampaolo and coworkers showed réleases
of this metal in measurable amounts. Among these, 1 would have passed
the Italian limit of 0.5 mg/litre in the first extract, and 2 would
pass the EEC working group limit of 1 mg/litre.

10 of the 20 overglaze decorated samples released cadmium, Only 3 of
them would have passed both the Italian and the EEC working group test

for the first extract.

This confirms the general impression presented by most surveys (cfr.

. £f.1i, Engberg, 1973), that the problem of cadmium release is mainly con-

centrated to overglaze-decorated (and enamelled) ware.

Another investigation, however, is in contrast with this impression.
This is the survey made in Italy by Ravaglioli et al. (1973), testing .
19 multicoloured and 49 plain samples of majolica, earthenware and
porcelain vessels. With colours of yellow, green, red and orange, thig
collection presented rather severe problems of cadmium releases, when
they were tested with 3% acetic acid for 3 x 24 hours at room tempera-
ture: ‘

Type of ,
objects Plain _ Multicoloured

st rd st rd

. Extract 1 3 ‘1 3

Cadmium release
mg/litre , Number of objects

0 --0.2 22 - 27 13 ‘ 13
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 1.0
1.0 - 2.0
above 2.0 16

D wWw O -
o N O 3

Total ‘49 49 19 19

Max.release 78 mg/1l 73 mg/l
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 This collectlon of objects 1s clearly characterized by a widespreed

use of cadmium-containing plgments, and it can be calculated ‘that ‘only °
55% of ? the plain objects would pass the EEC working group limit and
49% (or less,- if the test had been performed at 40 C) would pass the ‘

Ttalian limit for the first extract. Thus, the impact of a lowering of the

considered EEC limit down to 0.5 or 0.2 mg/litre for the first extract

would be pelatively small in this case.

13 (or 68%) of the 19 multicoloured samples would pass any of the tests,
the release in both the Ffirst and the third extract being below 0.2
mg/litre.

In Ravaglioli and coworker's study, the releases of cadmium with the

third exfract, irrespective of the findings in the first, were nearly

all below 1 mg per litre for plain samples as well as for multicoloured.
In the first extract, however, up to 20 mg (or 78 mg per lltre) of cadmium-
were found. This emphasizes the importance of a limit for the first

extract.

Surveys of ceramics in the Netherlands.

In 1972, 223 samples of plainAceramics.(”aardewerk”) were tested by
Dutch Food Inspection Services using a room tempefature test for 24
hours and measurements of results of lead extraction in mg per litre.
A further sampling was made in Haarlem 1974, compr1s1ng 8 plaln and 13

overglaze decorated objects.

' x) 49% of the plain objects would pass the limits pfoposed in Doc.R/112/75.
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Type

of objects Plain ceramics’(aardewerk) Onglaze decorated
- . Amsterdam Netherl. Haarlem Total . Haarlem
1972 1872 1874 1974
Lead release .
mg per litre Numbers of objects
0 - 1 95 67 0 162 2
1- 2 6 »}E, 9 2 } 29 3
2- 3 L 1 1
3 -5 1 0 2
5 - 7 3 11 1 23 1
7 - 10 5 2 1
10 - 20 4 } 1 } 3
above 20 : 10 8 1 24 .0
Total 128 95 8 231 13

Max. release 600 mg/l 28 mg/l

From this table is seen, that about 90% of the piain ware would have
passed the EEC working group test of 10 mg/litre suggested for the first
extract. %) The impact of a lower limit, £.1i, 3 mg/litre for the first
extract, imposed on the objects of this collection would be measurable,
although not considerable. About 80% of the plain samples would pass

also this limit.

For the onglaze decorated group, a greater impact of a reduction of the
limit is indicated. However, the number of samples is too small for

further evaluations to be made.

For cadmium, it was found in the Dutch survey in 1972, that the release

was less than 0.5 mg/litre for 97% of a total of 369 samples of plain

ceramics (v.d. Kreek, F.W., (1973)). These 97% would also have heen passed
by the EEC working group limit, and it can be concluded (cfr. Engberg,1973),.

that this survey did not present any major problem as far as cadmium release

from plain ceramics is concerned, i.e. in contrast to the findings of

Ravaglioli et al. (1973) mentioned above.

x) 83% of the plain ware objects would pass the limits of doc.R/112/75.
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Coloured enamelled objects were tested for cadmium in thé Netherlands in
1971-72, (v d. Kreek, F. W. (1973)), Dresentlng a number of excessive
releases. Out of 17 samples tested, only 3 released cadmium below

0.1 mg/dm (0.5 mg/1l) and onlv 4 below 0.2 mg/dm (vl mg/l), when
boiled for 30 min with u% aéetic acid. If this treatment is taken to

be approx1mately equivalent to a 24 hour extraction at room temperature,
only 4 or 2u% of the samples would have passed the EEC working group

limit of 1 mg/l in the first extract. %)

Surveys of ceramics in the United Kingdom.

In 1971-72, 34 plain ceramic cassaroles, 35 (onglaze?) decorated plates

and 31 enamelled objects were investigated for release of lead, cadmium

 and other metals by extraction with 4% acetic acid for 24 hours at 20

- 25%. (Government Chemist, 1971).

The results were as follows:

Ceramics

mg Pb per mg Cd per Ceramics

litre Plain Decorated Enamel litre decorated Enamel
0- 1 23 13 31 0-0.2 29 21
i- 2 1 2 0.2-0.3 2 0
2- 3 2 4 0.3-0.4 0 0
3- 5 0 1 0.4-0.5 1 0
5- 7 0 4 0.5-1.0 3 1l
7 - 10 1 1 1.0-2.0 0 0

10 - 20 1 1 above 2.0 0 9

above 20 6 9

Total 34 35 31 35 31

Max.release -

mg/l 9y 395 . 37

. From this table is seen, as far as the plain ware is concerned, that
79% of the tested samples would pass the limit of 10 mg/litre in the first

extract, and probably also the 5 mg/litre for the second extract, as

they are considered by the EEC working group xX)

%) 3 samples, or 18% would pass the limits of doc. R/112/75
xx) 76% of plain ware samples would pass the limits of doc.R/112/75
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. The impact of a reduction of the limit for the first extract to f.i.

3 mg/litre would be small, if not insignificant for this choice of -
plain ceramic objects.

Among the decorated ware, 71% would pass the EEC working group limit of
10 mg/litre in the first extract. x) Here, a reduction of the limit
would have a more pronounced influence on the survey evaluation: Only

54% would pass a limit of 3 mg/litre in the first extract.

No lead problem is seen for the enamelled ware. All 31 samples would

pass any test.

For both plain and decorated ware, the similarity of survey patterns

between this survey and the Dutch survey above is noteworthy.

For cadmium, no releases above 0.03 mg per litre were found for the

group of plain ware (not shown in the table) in this English survey.

For the decorated ceramics, 100% would pass the EEC working group limit
of 1 mg/litre in the first extract, and 92% were below 0.5 mg Cd per '

litre in the first test. xx)

Among the enamelled ware, 71% would have passed the EEC working group

test XxX) , and it would have been of nearly no further consequence to
establish a lower limit, as those 9 objects, which did not pass the test, -
showed cadmium releases out of context with any established 1limit - up

to 36.6 mg/litre.

Surveys of ceramics in Denmark.

In 1972, a total of 98 samples were tested for release of lead and cad-
mium by extraction with 4% acetic acid for 3 x 30 minutes at 100°C.
The sampling comprised 46 plain ceramic objects, 26 decorated ceramics,

6 enamelled objects and 9 specimens of glassware.

x) 57% would pass test proposed in EEC document R/112/75
xx) 92% would pass test proposed in EEC document R/112/75

®xx) 68% would pass test proposed in EEC dbcument R/112/75
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The resﬁlts for lead were as follows:

’ Ceramics L Glass, Enamel
- mg Pb per . Plain Overglaze Plain lead Plain
litre decorated crystal :
<3 28 500, 4,90 5 6
3 - 6 7 4+ 2 = 6 3
6~ 9 1 1 +1 =2 1
‘9 - 15 2 0 +1 =1 0
15 - 21 3 0 +1 =1 0
21 - 30 2 2 + 2 = i 0
30 - 60 0 0 +0 =0 0
above 60 3 3 +0 = 3 0
Total L6 26 g 6
Max.pelease
mg/1 658
mg/dm 159

It is noted that for the plain ware, 93% would pass a 30 mg/litre limit
which is comparable to the EEC working group limit of 10 mg/litre in first
extract at room temperaturex). Similarly, at least 83% is estimated to
pass the 5 mg/litre limit of the second extract. A considerable impact of
lowering the limit to the level of the Danish regulation (i.e. 3 mg/litre »

by the hot test ~ 1 mg/litre at room temperature) is seen. Only 67% of the

survey samples of plain ware would have passed this limit.ooo)

footnotes:

The first column marked 0) covers mouth rim tests, while second column
marked 00) covers tests of the inside surfaces of hollowware.

It is pentioned that the mouth rims are evaluated against a limit in mg
per dm” which is numerically 5 times lower than a weight to volume limit
(0.6 mg/dm~ ~ 3 mg/litre). It is further recalled (cfr. the discussion
above), that the hot test is evaluated on the average to be 3 times as

- severe as the 24 hours/room temperature test. Actual releases are there-
fore evaluated against limits corrected accordingly, i.e. numerically

higher (milder) than in other national surveys by a factor of 3.

000) In Danish administrative practice the 1limit values are considered
average values. This means that, based on sampling plans, the effective
maximum values per objects are close to 2 times higher than stated. An
actual enforcement would thus let about 76% of the survey objects pass as
acceptable.

x) 88% would pass the test proposed in EEC document R/112/75
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For the overglaze decorated wafe, about 80% -

tedly péss fhe EEC working group Limit of 10 mg/lifre at room temperature

for the first test, and most of the 69% would also pass the second extract

limit of 5 mg/litre.

It is in good accordance with the observations from other national
surveys, that the impact of a lowering of the lead limit in the Danish
survey evaluation would be greater for the overglaze decorated than

for the plain ware,

As it was found in the U.K. investigations, no lead problems seem to be

connected to the enamelled iron ware.

As for glassware, a majority of plain drinking glasses etc. are to-day
manufactured from non-lead constituents. In the Danish survey, thereféve,
thé glassware objects are confined to lead crystal samples, which inf
few cases give rise to releéses moderately above the regulatory iimit
value. A considerable decrease is always seen from first extract to the
second in these cases, and an actual risk of contamination will be

negligeable.

A -special ppoblem in connection with glassware, however, is presented

through the practice of applying decorations on exterior surfaces within
the mouthrim area. Such decorations will necessarily come into close. |
contact with the lips and, during use, with a -mixture of food (beverage)

and saliva.

This question is not presented in the Danish survey results above, which
only exemplify mouth rim releases from ceramic ware with decorations.

if‘is therefore mentioned, that unpublished experiments have given evidence,
that vast releases of lead (f.i. 100 mg lead per glass) from mouth rim
decorated glasses seem to be the rule, rather than the exception. Presumably,
thé fechnological practice is inadequate for establishing a sufficiently

firm binding of the decoration materials to the glass surfaces.

In the surveys of ceramics in Denmark in 1972 cadmium was included.

A special report on this subject was presented to the EEC SYmposium

x) 69% would pass the test proposed in EEC document R/112/75.

(from 69 - 88%) would expécf -
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on Mercury and Cadmium in Luxembourg, 3.-5. July 1973‘to which is

referred for further details. From the conclusions of this report, however,

it is'mentioned that specific uses of cadmium in surfaces of plain

ceramic- objects generally do not occur very often. However, when cadmium
is used for decorated ware or as red, yellow or orange pigments in plain
enamels, substantial releases in excess of established limits (Danish and
other national limits as well as the considered EEC limit) are most often

seen.

Survey of ceramics in W.Germany.

According to Ddmling (1973), 500 samples of decorated porcelain have
been investigated since 1972 at the Staatliche Chemische Untersuchungs-

anstalt, Erlangen.

65% of the samples did not release cadmium in measurable amounts by
extraction for 24 hours at room temperature with 4% acetic acid, while
10% released from Zero to 0.5 mg/litre, and for 25%, the release was

above 0.5 mg/litre. The maximum release which was found was 100 mg/litre.

In this survey, at least 75%x) of the samples would have passgd the EEC
working group limits, but the impact of lowering the limit cannot be |

evaluated.

Summarizing remarks on national surveys.

As already mentioned, these surveys do not necessarily reflect the actual
market situations in the respective countries. Qualitatively, however,
it seems justified to conclude the survey review on some obvious and

general trends as follows.

Lead:

1) For pottery, earthenware, faience, porcelain etc. with underglaze

decorations or no decoration, 79 - 93% of the‘objects presented in
the national surveys would have passed the EEC working groupwlimitsxx)
(i.e. 10 mg/litre in the first extract and 5 mg/litre in the second,
the latter often being decisive). The impact of a several times

stricter limit, as is seen in some national regulations, would only

x) Just 75% would pass the test proposed in document R/112/75
.xx) 76-93% would have passed the test proposed in document R/112/75
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mean ‘a reduction in the number of acceptable‘bbjects by a few percent.

For overglaze decorated ceramic objects, 55 - BO%X) were estimated

to pass the EEC working group limit. Here, the first extract would

' generally be the decisive.

This group is Vulnerable to a reduction of the lead limit. A reduc-

tion of the limit from 10 to 3 mg/litre (at room temperature) would
probably mean that only 50 - 58% of the surveyed samples would pass
the test.

For enamelled iron objects, no problems of lead releases have been

presented at all from the surveys.

For glassware, the lead crystal glasses do not seem to pose any
noticeable problems, due to the steeply decreasing release of lead
from the initial to the second extraction.

The surface qualities of decorated ware, however, may seem questionable,

due to the loosely bound lead-based colours which are often used,
also within the mouthrims of the objects. It remains to be seen,
whether a sufficiently firm binding of lead-based decoration materials

to the non-lead glass-surfaces can be technologically feasable.

Sy - Cadmium:

1)

2)

For plain ceramic ware covered with a cadmium pigmented glaze, a

severe release of cadmium is 'presented in an Italian survev. About
one third of 49 plain objects were tested and found to giﬁé cause
to excessive releases of cadmium. The rather massive amounts of
cadmium which could be seen in some lSt extracts, underlined also
in this case the necessity of a limit for this extract.

1

For decorated ware, the Italidn, British and German surveys indicate

that a substantial, but very variable part of the objects would
not pass the test considered by the EEC: 30% (Sampaolo et al.), 68%

(Ravaglioli et al.) and 100% (U.K. surveys)xx)

, respectively, would
meet a 1 mg/litre limit for the first extract, the remaining being

objectionable.

X)

50-69% would have passed the test proposed in EEC document R/112/75

xx) 30%, 68% and 91%, respectively, would have passed the test prbposed in

EEC document R/112/75.

i
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'In these sur#eys,'the effect of reducing the limit for the first

extract, f.i. to O.S»mg/iitve, would be small or -insignificant.
The German survey showed that 75% of 500 sampleshwould pass a limit o

of 0.5 mg/litre in the first extract.

For the enamelled iron ware, the use of cadmium containing plgments

is regularly connected with substantial releases of the metal, and
it remains to be established whether such uses can be made adequately °

safe, at least as far as inside surfaces contacting foods are concerned.

For glaséware5 only decorated objects have been of any concern, and the

remarks made for lead also apply here.
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Chapter 5.

Characterization of food in relation to migration of metals.

The migration of metals like lead and cadmium into food from. ceramic
surfaces is a process of highly complex nature, and a description in
numerical terms of the individual parameters which determine this process
is clearly prohibited. Yet, some basic assumptions can be made, especially‘

with regard to the food acidity.

Significance of food acidity.

It is generally acknowledged, that one of the most important properties

‘which may determine the aggressiveness of food towards ceramic surfaces,

is the acidity. This is mainly connected to the use of lead as the alkaline

parts of glaze compositions.

' Sampaolo et al. (1973), for instance, deals with this question and

mentions as an estimate, that about 10% of the diet belongs to the gcid
food groups. Such estimate 1s reasonably agréeing with an evaluation

of a typical Danish diet, when the information in table 5 is consiéered
(Danish Home Economic Council, 1974;'Statistical Yearbook

1973).

of Denmark,

From this table it can be seen, that about 400 grammes or 20% of a total .

diet (about 2 kg for an adult male person) can be grouped as markedly
acid, i.e. pH <u4.5. From these, however, some fresh fruit is eaten without
coming into contact with ceramic surfaces, while some remaining parts

of fruit as well as other acid food items most certainly will come into

. such contact. As an educated estimate, therefore it seems justified

to consider 15% of this diet as the amount of acid food relevant in the
present connectién. And it seems further to be justified, considering the
significance of this parameter, to deal with individual food items as

being classified within the following & broad groups:

1) Acid (sour) solid food,

2) Non-acid solid fbod,

3) Acid (sour) liquid food, and
4) Non-acid liquid food,

using a pH of 4.5 as the acidity which divides the groups.
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- Table 5. .Cémposition of a typical Danish diet

g/person/day '

Food group- pH-range Dominating acidév‘
PH <4.5 pH >4.5
Milk, milk products 420 g £.3-6.6 Citric acid
non-sour ‘ 0.2-0.u4%
Milkproducts, sour 80 g ca. 4.2 Lactic and
(buttermilk,youghurt etc.) citric acid
Eggs, cheese 65 g 4.8-9.5
Meat, fish - 230 g ’ 5.5-6.5 Lactic acid
Bread, cereals 187 g 6-9
Fats 80 g 6-6,5
Potatoes, vegetables 227 g 5.0-6.0 Oxalic, citric
Fruit = 150 g 2.5-3.5 Citric acid,
0.4-0.8%
Canned food, non-sour ' 60 g ca. 6
Canned food, acid 11 g ca. 3 Citric acid
Beverages:
‘ Beer 320 g 4.5~-5
Soft drinks, juices 130 g 3.0-3.5 Citric acid
Wine 20 g 3.0-3.5 Tartaric acid

Total (per person)day): 391 g 1589

Table 6.

(acid)

g

{(non-acid)

Stability constants of some food acids

Lead Cadmium
Kl K2 B2 Kl K2 B2
Acetic acid 2.18 2.92 2.0 0.7
Citric acid 5.7 2.3
Lactic acid 2.40 1.40 1.7
Oxalic acid 6.54 1.77

Tartaric acid 3.78

1
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In this connection, it should be mentioned, that not only the acidity

of food as measured in pH-values, but also the acid composition‘(cfr.l

‘table 5) may be of interest. This is mainly due to other characteristics,

"such as f.i. different complexing power of individual acids (and other

food componeﬁts) towards lead and cadmium.

In table 6 this is exemplified for 5 important food acids of which
the stability constants with regard to lead and cadmium are given (cfr.
Stability Constants, The Chemical Society, London, 1964). Both stepwise

(Kl and K2) and cumulative (62) stability constants are shown and from

-~ this can be deducted, that four of these food acids: citric acid, lactic

acid, oxalic acid and tartaric acid are all stronger complexing agents
for lead, than is the acetic acid. For cadmium only lactic acid is a

weaker complexing agent than acetic acid.

Quantitatively, it is noted from the table 6, that the highest stability
constant relative to acetic acid is citric acid (for lead), which is also
the dominating among food acids, cfr. fruits, juices and even milk pro-
ducts. This underlines the already available experimental evidence, that
f.i. a 0.5% aqueous solution of citric acid is equivalent to 5% acetic
acid as far as aggressiveness towards lead-containing ceramic surfaces

is concerned (cfr. Galler et al.. 1939; Ahmad, S. et al., 1964).




_ug_
. Chapter &

Experiments on the release of lead and cadmium into food in relation

to simulated test results.

' Habfng reviewed the methods of simulated extractions and the surveys

~on the quality of ceramic surfaces, it will be attempted to evaluate the
migration into food of lead and cadmium found experimentally undéfﬁcoh-
"ditions of practical use, in so far as these results are - or can be -

related to results obtained by the test-methods.
The following investigations have been available: . .

1) Ddmling, H. (1973). For 4 kinds of decorated porcelain platéss the
extraction of lead and cadmium with 4% acetic acid was coﬁbared to

parallel and subsequent exposure with 4 different kinds of acid food.

2) Scholl, W. (1972). For 8 plain plates of different colours, the
‘extraction of lead with 5% acetic adid, 2% citric acid and 15 different

sauces (acid and non-acid) was determined.

3) Beyersdorfer, K. (1973). The release of lead from 4 overglaze colours
and of cadmium from 1 colour into 4% acetic acid was'éompared to the
release into 3% citric acid and into Coca Cola at 22°C/24h and at
'100°¢/1.5h.

4) Park, J.R. (1974);.The release of lead into 3 non-acid and 1 acid
preparations of food was compared to the release into 4% acetic

“acid by the BS hot-test.

5) Engberg, R. (1974). The release of lead and cadmium into sour and
non-sour, hot and cold food and into beverages was investigated for
- plain ceramics (serving and oven-heating) and for overglaze decorated
porcelain/faience (serving). The results were related to those of

a preceding acetic acid test.

Although numerically limited, these investigations comprise a number of
individual experiments which in a reasonably ddequate way refer to food
use situations illustrating combinations of food preparation - food type -

utensil type as they are commonly seen in practice. The experiments are
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T concehtrated on plain ceramics and overglaze decorated ware, representing.
Hj: ’,‘ the majority of daily used objects and empha51s 1s placed on hollowware.
Lﬂ' . In table 8 is listed a full series of treatment - food type - object
combinations which can all be regarded as regular parts of normal eating
practices. For each of the combinations it is indicated, whether experi-
S mental evidence has been found in the abovementioned references on leéd
‘and/or cadmium migration into the food. These positive illustrations are
commented in the following one by one under the headings which are shown

in table 8.

6.1 Oven-heating (cocking) of food.

' Lead into hot acid food/plain ceramics. This situation is described

B by Park (1974) and Engberg (1974).

The type of casserole tested by Park (cfr. table 9) released 5.1 mg
lead per litre by the BS-test, and the release was reported. to be
PR ‘) B constant from one extract to the following, i.e. it represents such

| objects which exactly meet the requirements of the EEC working group
test. The release of lead into acid food (Rhubarbs) was 1.65 mg/kg A
after cooking for 2.5 hours and might be estimated to 0.7 mg/kg after

1 hour cooking.

The first object tested by Engberg (table 9) just passed the Danish

test, and the lead release into sour food (apricot soup) was 0.75 mg/

kg after 1 hour oven-heating. As the LEC considered llmlt and the

Danlsh regulatlon in this field are practically equlvalent (cfr. page 28),
it seems well justified to evaluate the lead release into acid food

by 1 hour cooking to be 0.7 mg/kg for objects just passing the limits.

P ' Proportionality between acetic acid test results and releases into

food was not demonstrated in this case.

Lead into hot non-acid food/plain ceramics, The three casseroles

tested by Park (table 9) were also just meeting the EEC working group
. : limits, and the average lead release into non-acid food (babyfood;

vegetables and meat) by 2.5 hours cooking was 0.06 mg/kg. This would



Table 8. Practical use combinations of food treatment-food type-utensil

..50..

Type of treatment Type of food Type of object Reference: Fb Cd
1. Oven-heating Hot acid Plain ceramic Table g 10b
(cooking) . . . o
Hot non-acid . Plain ceramic Table 9 . 10b
2. Serving of food Hot acid Overglaze decora. Table 11 12
Hot non-acid Overglaze decora. Table 11 12
Cold acid Plain ceramic Page 56 -
Cold non-acid Plain ceramic None
3. Serving of (Hot acid) Not usual None
beverages Hot non-acid Plain ceramic Table 13 10a
Cold acid Plain ceramic Table 13 10a
Cold non-acid Plain ceramic None
4. Short storage Cold acid food Plain ceramic None
- (keeping) og .
foods and be- Cold acid food Overglaze decora,Table S 1d
verages Cold non-acid. food Plain ceramic None
Cold non-acid food Overglaze decora.None
Cold acid bev. Plain ceramic Table 13 10a
Cold acid bev. Overglaze deéora.Page 59 60
Cold acid bev. Overglaze decora.Table 4 14
Cold non-acid bev. Nene



Table 9

Plain ceramics: Oven heating of sour and non-sour food

..51..

Comparison of extraction of lead by acetic acid and food

Sour food
Acetic Acid tests Food _Treatment Pb release Pb releasé -
Conditions Results :ng i:::ic mg/kg f°9d
Parks, J. (1974)
Casserole BS2 5.1 Rhubarb Cooked 2ih 33% 1.65
| Engberg, A. (1974)
Jug 4% 100°% 2.8 Apricot 175°C 1h. 27% 0.75
3x30 min. soup
 Bowl " 5.8 " " 13% 0.72
Bowl " 12 " " 2% 0.2u
Bowl " 27 " " 6.u4% CL.Ty
Non-sour food
'éarks, }. (1974)
Casserole BS2 5.1 Tapioca Cooked 23h 1.2% 0.06
Casserole BS2 5.0  Curry Cooked 2zh 1.2% 0.06
Casserole BS2 5.0 Heerings Cooked 23h. 1.0% 0.05
Engberg, A. (1974)
Cup 3x3Q min. 3.9 Babyfood 175°C 1h 2.6% 0.10
100°C (veg.and
meat) ,
Bowl " 6.6 " " 1.8% 0.12-
Jug " 10.7 " " 3.4% 0.36
Bowl " 27 n " <0.2% <0.05
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correspond to 0.024 mg/kg at a 1 Hour‘éégking, if the release-time

relationship is linear. -

‘For the first 3 plain objects tested by Eﬁgberg>(table g9), the

factors with which the Danish limit were exceeded, are 1.3, resp.

2.2 and 3.5. Reduced by these factors, the release into food (baby-

food: vegetables and meat) would have been 0.08 mg/kg, resp. 0.05
and 0.10 mg/kg for objects just meeting the test limit of 3 mg/litre.
As the two tests are evaluated as practically equivalent, the Danish -

results are somewhat higher than the English, although not by ordérs

of magnitude (it is noted that the releases found here are near to

the detection limit of the analytical methods). An average value of
0.05 mg/kg may be used as a best possible estimate for lead release

by cooking of this type of food for 1 hour.

Cadmium into hot acid food/plain ceramics. This combination is only

illustrated by one example from Engberg (1974), cfr. table 10b. For

an object releasing 2.2 mg cadmium per litre by the Danish test
(or 2.2 times the Danish 1limit), the cadmium release into acid food

is 0.36 mg/kg. Provided proportionality between test exposure and

migration into food, this would correspond to 0.16 mg per kg of acid

food for an object meeting the Danish test limit and 0.07 mg/kg X)nf‘

when meeting the EEC working group limit (cfr. page 30).

Cadmium into hot non-acid food/plain ceramics. Similarly, the one

object tested by FEngberg cooking baby-food (vegetables and meat)
released cadmium into the test solution corresponding to 5.7 times
the Danish test limit and 0.075 mg/kg into the food. This would
indicate a release of 0.013 mg Cd per kg of non-acid food for an

XX)

object just meeting the Danish test limit, and 0.006 mg/kg for

one meeting the EEC proposed limit.

x) 0.05 mg/kg, according to EEC document R/112/75
xx) 0.004 mg/kg, according to EEC document R/112/75
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;gﬁ'f B je.Q.Servinglof food.

* T Lead 1nto hot ac1d food/overglaze decorated ware. v ' S

This" subject has been treated by Engberg, (1974). For ac1d food,

6 plates were tested (cfr. table 11) the results of which indicate

that a proportionality between test results and release into food = : °

. does not exist in the full range of releases. The plates showing
high, or even excessive lead releases, clearly demonstrate a ten- ~ ”-ff

-dency to level out as far as the release into food is concerned.

Provided, however, that the functional relationship between r~eleas’er._v~
U into acetic acid and into food can be properly described by a smoothed

curve in the moderate ranges around test limits, it can be justifiea‘ ' =
to estimate a release of about 0.7 mg per kg of food for an ohject .

just fulfilling the Danish test limit.

Using the conversion factor of 2 for overglaze decorated ware for
. tﬁe Danish hot test related to the 24 hour room temperature extrac-
'r: , tion considered by the EEC working group, an object fulfilling the‘
| - | EEC limit of 10 mg/litre in the first extract, would be expected. to
‘g' - release 20 mg/litre by the Danish hot test. The best estimate for the

W v ' . ' x)

release into food for such a plate would thus be 1.5 mg/kg using the _'ff'

smoothed curve in the limited range mentioned above,

Lead into hot non-acid food/overglaze decorated ware., Among 5 soup

plates used for serving baby-food, tested by Engherg (1974), cfr.
table 11, one plate would berfulfilling the Danish test limit,

‘ while 3 xx)
;ﬁ : meet the EEC proposed test limit. The corresponding range of releases

into food is 0.04 - 0.30 mg/kg.

il

(up to 19.6 mg lead/litre by hot test) probably would

In this case, too, the releases into food level out, or even,decrease,
for the two remaining plates with high releases into the test solution.
On the average for all 5 plates the release into non-sour food by
R serving from decorated ware is 1% of the test results, and it may
- ‘be estimated that 0.03 mg may ﬁigrate per kg food for an object ,
meeting the Danish test and 0.2 mg/kg for one meeting the EEC working ‘ :_%

oo group test.xxx) :‘4, 5

tﬁiV‘ X) A release of 1.4 mg/kg would be expected from objects meeting 11m1t im o e
R - 'EEC document R/112/75

Mo xx) 2 plates would meet the test limit of EEC document R/112/75

i xxx) A mlgratlon of 0.1 mg/kg would be expected for objects meeting llmlt

in EEC-document R/112/75
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’

" Cadmium into hot acid food/overglaze decorated ware. Engberg (1974)

| has tested the release from 5 decorated plates by serving of acid
food (apricot soup), cfr. table 12. It is noted that in this caée,
the release into the food is found to be proportioqal to the release
into test solution, and it can be esfimated that for objects juét
meeting the Danish test limit, the release into acid hot food will

be numerically about 8% of this limit, or 0.08 mg Cd/kg of food.

As a pronounced decrease is seen from the lSt to the 2n§ extract of
ycadmium test for the overglaze decorated ware, the ratio 3 (cfr.

page 30) should be applied in the transformation of Danish regulation
to EEC working group proposal, and a release of 0.24 mg Cd/kg of food

would be the estimate for an object just fulfilling the EEC limit.x)

“Cadmium into hot non-acid food/overglaze decorated ware. The release

of cadmium by serving from overglaze decorated plateé is estimated

from the data by Engberg (1974), cfr. table l?, to be on thé aﬁerage

3% or about 0.03 mg/kg féod for objects megting the Danish test

1imit. This means that objects fulfilling the limits considered by

the EEC working group or the BS test would release about 0.09 mg/kg into

non-acid food.xx)

Lead into acid cold food/plain ceramics. The release of lead by ser-

ving from plain ceramic piates has been treated by Scholl (1972),
who investigated a set of 8 earthenware,(Steinggt) plates with varying

colours of the glaze.

Scholl finds that the choice of colour is without influence on the
" lead release, which is found to be 2.8 mg/litre by extraction with
5% citric acid and 2.5 mg/litre with 2% acetic acid, both solutions
tésted for both 10 minutés and 2 hours (and presumably at room tempe-

rature).

x) Following EEC-proposal doc. R/112/75, the ratio mentioned wéuid be 1.5
and a release of 0.12 mg Cd pr. kg food is estimated for objects meeting '
EEC-1limit.

" xx) A release of 0.05 mg/kg would be expected for objects meeting limit of

EEC document R/112/75.
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The difference between the results after 10 mlnutes resp. after

2 hours is clalmed to be small, but is not specified- By applylng the . |

same exposure times, the plates were tested with 15 non-spe01f1ed,

different sauces, dfessings and organic acids normally‘used fdr‘salad ‘ . "H

‘mixtures. Significant, but not specified differences were found

between the releases into different sauces. Further to the acidify,

the complexing power of the food is mentioned as of importance.

From Scholl's results are seen that the average migration of lead

into the acid sauces was 1.5 mg/litre while for all 15 sauces

~ (acid and non-acid) the average was 0.87 mg/litre. These figures

~ indicate extractive powers of 60%, respectively 35% of what is found

by Scholl for 2% acetic acid by the same duration and temperature of

‘exposure.

Scholl reports that the decrease of lead releases by continuous

extractions was very small. Due to lack of data obtained by usual
test methods, however, the information cannot be evaluated to glve

estimates of releases in relation to specified test methods.

Serving of‘beverages.

Lead into hot non-acid beverages/plain objects. Engberg (1974) has

investigated the lead release by serving of tea- from 8'plain ceramic
objects, cfr. table 13. An average of 0.72% of the acetic acid test
release is found for the release into tea, the results ranging from

0.2 - 3.6%. At the level of the Danish test limit (3 mg/litré), this
would imply that a typical release of lead from an object just meeting
this limit would be estimated to be O.dé'mg per litre of tea. For an
object meeting the BS or the second extract limit consedered by the ?EC
X

working group, a release of about 0.10 mg/litre could be expected.

Lead into cold acid beverages/plain objects. Engberg (1974) tested

the lead releases by serving and short storage (24 hour keeping) of
juice from 8 plain ceramic objects, which had prior been tested with

tea (cfr. table 13). An average of 0.9% of the release by acetic

%) Unchanged by EEC-proposal doc. R/112/75
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- group limit considered for second extract.
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aC1d test was .found, but the release into julce was not clearly

proportional to the release in the 51mulated test. In the best possible
judgment the data would indicate a release of about 0.06 mg/kg (or
% of the acetic acid test result) for objects just fulfilling the

Danish test limit, and 0.17 mg/kg for objects meeting the EEC working
. : , %)

Cadmium into hot non-acid beverages/plain objects.Exemplified by

tea, Engberg (1974) finds an average release of cadmium of 1.7% of

the result obtained by a preceding acetic acid test, cfr. table 1l0a.

This means that the estimated release of an object fulfilling the
Danish test limit is 0.017 mg cadmium/litre tea. This would cofreséond
to about 0.05 mg/litre for objects fulfilling the Working group limit
for lS extract, and 0.025 mg/litre if the second extract limit is

. e e xx)
decisive

Cadmium into cold acid beverages/plain objects. This is tested for

orange juice, tested by Engberg (1974), cfr. table 10a, who finds cadmium
releases in the range 0.24-4.2% of the results obtained by the Danish 4
acetic acid test. The typical release into juice from objects correspdn&ing
to the Danish test limit is difficult to estimate due to variations in

the experimental data. About 0.03 mg/litre could be proposed as a guided
guess. This would correspond to 0.1 mg/litre for obiects fulfilling the
EEC considered limit for the first extract - and 0.05 mg/lltre if the -

XXX
second extract limit is decisive )

Short storage (keeping) of food and beverages.

For the purpose of these considerations, by short storages a 24 hours

keeping under normal household circumstances is understood.

Lead from plain ceramic objects. 8 objects tested for serving of tea, fol-

lowed by serving of juice (cfr. table 13) were further tested for lead

x) Unchanged by EEC proposal doc. R/112/75
xx) 0.025 mg/kg to be expected for objects meetlng limit of doc. R/112/75 v
xxx) 0.05 mg/litre to be expected for objects meeting llmlt of doc. R/112/75.
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feleases during subsequent 24 hour storages by Engberg (1974), For 3 of

. these\objects, which would pass both the EEC working group test and the

Danish test, releases were found equal to or lower than the release

during the first 1 hqur serving period. For the remainiﬁg 5 objects showing
high to excessive releases, the amodnts released by 24 hours storage were
about twice the amounts released during the preceding 1 hour. On this basis,
the best estimate of the release by short storage in vessels fulfllling the |

Danish test limit is 0.06 mg/kg ]ulce.

Cadmium from plain ceramic objects. The release into orange juice

during a 24 hours storage was found to be 0.03 mg/kg for objects
fulfilling the Danish test 1limit, cfr. Engberg (1974) - table l0a.

‘Lead from overglaze decorated ware. In the cases so far treated on

situations of cooking and serving, it has been characteristic, either

that the food migration test was preceded by an acetic acid test on
the same objects, or that the release during consecutive acid extrac-
tions was constant. Thus, the release into food would not unduly
reflect the special conditions during the first ectraction of new
objects, but rather the release to be expected by continued use.

In the work of Beyersdorfer (1973) this situation is reversed. He

compares the extractive power of acetic acid and of Coca Cola under

“identical test conditions, by measuring the lead releases into the

beverage irom a new surface, in comparison to the release from a

corresponding new surface into acetic acid.

The absolute figures for lead release are not given by Beyersdorfer.

It is mentioned that for 4 different overglaze colours, the release’
into Coca Cola is 57% (range 30 - 86%) of that by acetic acid under

the same conditions.

Domling (1973) has investigated 4 different sets, each of 5 identical
overglaze decorated plates (cfr. table 14). All of the plates were
first extracted for 24 hours at room temperature with 4% acetic acid.
Subsequently, one plate of each set was extracted again with acetic
acid, another was expoééd to lemon juice, a third to grape juice,

and the fourth and fifth to Worcester sauce and apple sauce, respec-

tively. All extractions were made at room temperature for 24 hours.
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Table 14. Overglaze decorated ceramic objects
Short storage (24 hr. keeping) of acid foods (Ddmling, 1973)3)
. !
LEAD
First Second extraction or treatment (all 24 hr/room temp.)
extract. '
Object
(plate) Acetic Acetic  Lemon Grape Worcester Apple Averages
acid,4% acid,4% Jjuice juice sauce sauce (4 sauces)
‘nr. A 100% 2u% 35% 26% 55% 37% 38%
ar. B- 100% 40% 42% 62% -83% 55% 61%
Car. € 100% 20% - 15% 16% 2u% 26% 20%
nr. D 10C% 28% 20% 18% 25% 26% 22%
CADMIUM '
First Second extraction or treatment (all 24 hr/room temp.)
‘ extract.
Object
(plate) Acetic Acetic Lemon Grape Worcester Apple  Averages’
acid,4% acid,4% Jjuice juice  sauce sauce (4 sauces)
nr. A 100% 28% 15% 17% 25% 26% 21%
nr. B 100% 42% 30% 42% 6U4% 45% 45%
- nr. C 100% 20% 13% 13% 25% 2u% 19%
nr. D 100% 30% 28% 26% 35% 42% 40% ,
%) No absolute figures given in original reference.
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fof‘; o1 Im good accordance with the results given in table 2, page 20, the

results of the second acetic acid extraction was on the evarage 28%
I *; (range 20 - 40%) of that of the first extraction of the same plates.
‘ For comparison, the average for lemon juice extraction was on the

average 28% (range 15 - 42%) of the first (acetic acid) extraction

S result, i.e. the extractive power of lemon juice is found equivalent

o - to that of 4% acetic acid under identical test conditions.

Cofrespondingly, the extractive power of grape juice is 31% (range
v 16 - 62%). Of Worcester sauce 47% (range 24 - 83%) and of apple

sauce 36% (range 26 - 55%) of the first acetic acid extraction. These' .

liquids are thefefore found to be generally'similar to or slightly

- more aggressive than acetic acid for the plates tested here.

“'*  Cadmium from overglaze decorated ware. Beyersdorfer (1973) who

| measured the release of lead into Coca Cola compared to the release
Vi into 4% acetic acid, has included measurement of cadmium release
a7 in one of the abovementioned experiments. For one ceramic overglaze
colour, he finds a release of cadmium corresponding to 22% of the
T - release into 4% acetic acid in a parallel experiment under the

same conditions.

; B Démling (1973) in his experiments, also tested the releases of
: . cadmium and compared a first and second acetic acid extraction,
A as mentioned above under lead. For 4 different types of plates,
1f:‘ the result of the second extraction with acetic acid (24 hours/

R foom temperature) was 30% (range 20 - 42%), of that of the first

:Sf;ﬂv extraction. For comparison, the releases into lemon juice was 22% (range
! 13 - 30%), for grape juice 25% (range 13 - u42%), for Worcester sauce

37% (range 25 - 64%) and for apple sauce 34% (range 24 - 45%) of
i - the result for the preceding acetic acid extraction. On the whole, .
thesc juices and sauces were found of an aggressiveness similar to

that of 4% acetic acid.




- 64 -

. Chapter 7.

Asséssment of a potentiai total food contamination from ceramic surfaces.

In the precediﬁg chapter, estimates have been made on lead and cadmium
migrations into individual foods from ceramic surfaces. In so far as each
of these estimates are based on practical use examples, they reflectv
typical situations from daily eating habits, and they may be taken as
representative of potential contaminations of each of the food groups

to which they belong and which have been suggested for this study.

Considering the typical Danish diet shown in table 5, page 46, as an
example, a breakdown into such groups according to aggressiveness towards
ceramic surfaces could be quantitated as follows: '

S0lid or semi-solid foods:

1. Hot non-acid :  Meat, fish 200 g
Fats _ 40 g
Potatoes,vegetables 175 g
Canned food 60 g
Cereals 35 g 510 g
2. Hot acid Fruit dishes etc. 50’g 50 g
3. Cold non-acid Egg, cheese 65 g
Bread 150 g
Fats 80g 295 ¢g
4, Cold acid Milk products 80 g
Fruits 50 g
Canned food 10 g
Meat, fish 30 g A
Potatoes ,vegetables 50 g 220 g 1075g
Beverages:
5. Hot non-acid Coffee, tea 500 g 500 g
6. Hot acid - Not common
7. Cold non-acid Milk 420 g
Beer 320 g 740 g
8. Cold acid . Soft drink, juice 130 g
Wine 20g 150 g  1390g
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‘Referring to the Danish and the EEC working group test limits, the following

v total contamination for lead may be calculated: X

- If the estimates of migrated lead and cadmium cbncéntratiohs are combined
' with these food group figures, a total diet contamination ‘can be estimated
baéed, of-coﬁfée, on the same presuppoéitions,thich‘applied for the esti-

mates, namely that the utensils were just meeting the specified limits.

' Food Group Treatment Type of object For objects meeting
' ' Danish test EEC prop.test
mg/kg ug mg/kg ug
o . Food:
ﬁ@ o 1. Hot non-acid Cooking Plain ceramic 0.05 26 0,05 126
;f;,' Serving Decorated ware ,0.03 15 0.20 102
! 2. Hot acid Cooking Plain ceramic  0.70 35  0.70 35
ﬁ“ Serving Decorated ware 6.70 | 35 1.5 75
L 3. Cold non-acid Serving Decorated ware 0.00 0 0.00 0
ii 4, Cold acid Serving Plain ceramic 0.06 13 0.17 . 38
Beverages:

" 5. Hot non-acid Serving ' Plain ceramic  0.02 10  0.10 50
R 6. Hot acid - - - - - -
U 7. Cold non-acid  Serving Plain ceramic ~ 0.00 0  0.00 0
Do 8. Cold acid Serving Plain ceramic  0.06 9 0.17 26
Q< Total migration per person per day: 143 ug 353 ug -

, per week: - ~v1.0 mg 2.5 mg

For the comparison, the FAO/WHO provisional tolerable weekly intake, as

im‘ . recommended in 1972 (FAO/WHO, 1972) is 3 mg of lead per person.

This means that for the diet., treatment and choice of ceramic objects treated

f;‘ . ©  here, a set of objects which is just meeting the requirements of an existing

Danish regulation is evaluated to give rise to a contamination of the food

total tolerable intake.®

)

x) Cfr. Appendix.

A corresponding to about 33% of a total tolerable intake. And that, for a set
just meeting the test limits considered by the EEC working group, a contami=

At nation level would possibly amount to about 2.5 mg/person/week or 80% of the
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From the set of data based on Danish test llmlts, it is seen that 60 ¢
' per day or about 42% of the total estimated.contamination expectedly derlve
from cooklngware.objects and the remalnder from tableware. In the case of
EEC working group limits, the same amount,>but then bnly aboﬁf 17% of the
total lead is estimated to come from the cookingware, while 83% derive

x)

from the tableware. = ' u

This estimate of total contamination from ceramic ut@n81ls in "normal" use .
for food, is to be regarded as a basis, from which both 0031t1ve and nega-

‘tive deviations neccessarily should be considered.

Among the positive deviations, pointing towards possibly hicher contamination

levels should be mentioned:

1) It is noted that hollowware limits are used throughout this study.
‘However, some groups of tableware objects would probably be classified
ihtb a flatware group of objects, for which somewhat higher limits may

. be anticipated. Conéequently, the contamination from such plates |
my be expected somewhat higher'than indicated above, even if they

fulfill the test limits.

2) A potential use of ceramic objects, which has been practised in several
cases in which actual lead poisonings have been observed (see next
chapter), is not included in this summation of potential,‘fotal ihtakes.:
This is the Egggz_storages (keepings for up to a few days) of acid soféf"
drlnks beverages etc, which is a food«uten51l combination liable to '
great variations in daily practlce‘ especially as far as volume of con-

sumption is concerned.

3) The use of ceramic objects for long storages of both llquld and solid

acid foods is not included in the potential intake evaluation.

On the other hand, negative deviations from the potential intake evaluation,

i.e. pointing towards lower contamination levels, should be mentioned:

1) If a certain limit level is estahlished as a maximum level, it can be

expected to be the aim of ceramic ware producers., in the positive

1

Cfr. Appendix
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S . interest of meeting this limit, to maintain a ceramic surface quaiitv )
_which will guarantee this limit.-Stétisticallv this would implv an '
average level of practical migration in the order of 2 times lower than

"~ thé limit levels applied in this study.

2) The release of lead is 1liable to decrease with time. Although, in this

;o f \Study, it has been attempted to base contamination estimates on results
| connected to continued use, a further decrease of lead releases mav

still be expected. However, this argument is valid only for objects of
"« | a certain surface quality; for less resistant surfaces, it is reminded

that significant releases may continue for long periods of practical

use. E , . | _—
R For cadmium, a total contamination mav be calculated as follows:X)
Food Group Treatment Type of object For objects meeting

Danish test EEC prop.test
mg/kg  Ug me/kg Mg

Food: \ . .
2 1. Hot non-acid Cooking Plain ceramic 0.013 7 0.006 3
t”] & | ' Serving Decorated ware 0.03 15 0.09 46
J%" 2. Hot acid Cooking Plain ceramic 0.16 8 0.07 L
N Serving Decorated ware 0.08 4 0.2y 12
' 3. Cold non-acid Serving Decorated ware 0.00 0 0.00 o
G 4. Cold acid Serving Plain ceramic 0.03 7 0.10 22
. Beverages: A
- ‘. 5. Hot non-acid Serving Plain ceramic  0.017 9  0.05 25
6. Hot acid - - - o - 0
! 7. Cold non-acid Serving Plain ceramic - 0 - 0
8. Cold acid Serving Plain ceramic’ 0.03 5§ 0.10 15
i Total migration per person per day: 55 ug 127 ug

per week: 04 mg 0.9 mg

" For comparison, the FAO/WHO recommendation on maximum tolerable weekly
intake (FAO/WHO. 1972) is 0.4 - 0.5 mg cadmium per person.

Thus, if a person would consume all his food from utensils just fulfilling
, the Danish test limits, then 80-100% of the total tolerable intake could

be expected potentially to be present from this source. And, for a set of

Cfr. Appendix.
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objects just meeting the EEC considered limits, a contamination level is '

estimated to #mount to the order of 200% of the total tolerable dosis,‘,

The limits, therefore, for .cadmium appear to leave no»margin af all or

may even be exceeded by a factor of 2.

Similar to the remarks made for lead, it is noted that,., for the set of

'data referring to the Danish test limits, 15 ug or 28% of the total esti- -
"mated contamination is expected to come from cooklngware. and the. remainlng

'72% from tableware. If the EEC working group limits apply, the contrlbution

from cookLngwa“e w1ll be 7 ug or 5% of the total load. %)

For cadmium, of course, the same remarks as given for lead concerning

possible positive and negative deviations from the evaluated totalvcontaf '

minations should be considered. Tn this case, however, a further remark on

the‘recenfly discovered influence of light conditions (cfr. page23) would

Cfr. Appendié‘(
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Chapter 8

Reported cases of acute poisonings due to migration.

Finalizing this study, it is found appropriate to include a brief discus-

~ sion of the circumstances under which the use of ceramic household objects

has actually led to acute poisonings.

8 such cases published during the years 1958-72 will be reviéwed here on

~the background which is established by the discussion in the preceding

bhapfgrs. The eitht cases are reported by Whitehead et al., 1960; Harris,
1967; Lewin & Lundin, 1968;lKlein_et al., 1970; Dickinson et al., 1972;

~California's Health, 1971; Williams, 1972 and Clark, 1972.

Type, use and origin of suspected objects.

In 6 of the 8 cases, the ceramic objects causing lead poisonings were jugs,

pitchers and vessels which were all used for short storages (keepings) of

beverages, like soft drinks, juiceé‘and home-made wines. In one case, the
objectionable object was a glazed mug, used for serving of soft drink, and
in the remaining case, cocktail glasses with an interior "frosting” made
from lead compounds were used in daily drinking of whisky diluted with soft

drink (7-up).

In these cases. 4 examples were connected to normal purchases of commercial
ceramic ware in the respective countries in Europe and “orth America. One

example was presented as caused bv an amateur-made ceramic mug, while

the objects in the 3 remaining cases were all bought as souvenirs in Furope -

‘or Latin-America.

Estimates of lead intakes.

The periods of use varied from a few days up to two vears, but only in two

cases, estimates of the daily lead intakes are given. These are presented

by Harris (1967), who describes a 55 years old male, estimated to have taken

3 mg lead/day through a period of 2 vears, and by Dickinson et al. (1972),

estimating daily doses of 8 mg/person during 6 months.

k4
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‘Persons intoxicated.

In 3 of the reported cases of lead ?oisoning caused by ceramic ware 1ead
- releas: s, children were ipvolv*d. One case was fatal, viz. a 2 vears old
boy (cfr. Klein et al., 1970). In all other cases, recoveries were reported‘
’from the varying degrees of abdominal pains, and anemias with fatigue, whiéh

were vregularly described as the main symptoms.

Test of objects for lead releases.

Most of the suspected ohjects were tested., for actual lead releases as parts

of case investigations, diagnoses etc.:

‘In the case just mentioned which developed to be fatal, a jug Was‘found‘to'»{

- release into apple juice, 157 mg lead per litre during three hours and
1300 mg/litre after 3 days. In one of the cases (Harris, 1967) with an esti-
-mated lead intake, a release of about 10 mg lead per litre was found with

Coca Cola after 30 minutes extraction at room temperature.

In the case involving cocktail glasses for drinking (Dickinson et al;,
1972), 12 mg/litre was released into the drink after 30 minutes, and in a
fourth case (Williams, 1972) 40 mg/litre was released into water, while

467 mg/litre migrated into lemon-water in 3 days. In a further instanée,
(Whitehead et al. 1960) home—ma&e wine contained 7.5 mg lead per litre
after having been stored for 48 hours in a ceramic vessel at an early*étage
:of production. This vessel released about 1000 mg/litre into hot 1% hydro-

chloric acid by an extraction of unspecified duration.

Only in one instance, a legislative test method was used directly (Lewin
'&‘Lﬁndiny 1968). This was a jug used for drinking% which, when tested
according to Swedish Legislation (3 x 30 minutes boiling with 4% acetic

acid) showed a release of 348 mg lead per litre.

In the final two cases were found releases of 1.16 mg of lead into a single
washing with 24 ml 5% acetic acid (California's Health, 1971), and 460 mg
per litre of 5% acetic acid by a 4 hours/room temperature extraction, -

(Clark, 1972), respectively.

v
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AR Summarizing these 8 cases, some conspicious characteristics are connected
L - tq them: ‘ | .

1) Several of the lead releases which are rep&rted are excessively high

compared to any‘existing regulatory limits, although some of them are ' B

;\‘ , still comparable to maximum recorded releases presented by recent natio-

nal surveys.

. " 2) In the two cases, where an estimate of the daily intake is presented,
this margin between actual releases and regulatory limits was relatively

low, however. As an estimate in these cases, a factor of only 10 - 25 x - 5

separates the recorded daily intakes (down to 3 mg/day during a 2 years
period) connected to manifest symptoms of acute lead-poisoning from |
~ such intakes which in this study have been rendered possible as potential
igj-‘ migration levels when based on existing or proposed regulations within
- the EEC.

.~ 3) In all cases, the intoxications were due to lead from plain surfaces,
L " released into various sorts of beverages. On the other hand, no cases of
cadmium intoxications are recorded as caused by releases from ceramic

surfaces.

Such conclusions underline the importance of establishing standards on the
quality of ceramic utensils, the primary and immediate aim being to avoid
5& . . new cases of poisoning. The further aim, however, should be underlined too,
| | as it has been the purpose of this study. Quality standards on ceramic sur-
faces should be of a character which ensures the proper protection of daily

diets against regular contaminations.

It is the general conclusion of the study that ceramic ware as a source of
food contamination is not insignificant, even when kept within specified
quality standards. Dependant of the details of the standard, of the metal
concerned, and of the individual pattern of eating habits, the contribution
. to the total human load may vary. But it is felt to be substantiated by the |
étudy that it will most certainly be measurable, it may be equal to, and it
may even in cases moderately exceed the presently recommended levels of

tolefable intakes.
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Amendments and revisions to the report following the final version for

a proposed EEC-directive on lead and cadmium releases from ceramic sur-

faces. (Doc. R/112/75)

Re page 11, table 1

EEC-proposal for directive deals with ceramic surfaces (type 1), only,

. under the following circumstances: .

Metals . %Acetic  Temp. Duration Limit - Limit Remarks
acid Pb cd
2 2 '
Ph,Cd L Room t. 24 hr 1 mg/dm~ 0.1 mg/dm Flatware )Tablew.
5 mg/1 0.5 mg/l Holloww. )
2.5 mg/l 0.25 mg/l Childrens plates
0.5 mg/dm2 0.05 mg/dm2 Cockingware,Flat
2.5 mg/l 0.25 mg/l Hollowware

Re page 25, Section 3.1

EEC-proposal for directive recommends A decisive limit of 5 mg/l for the

. first extract, only.

Re page 26, Italy
Following the EEC-proposal (R/112/75), the considered Italian limit by

lst extraction is evaluated to be about 2 times more restrictive than the

EEC limit. Discussion on EEC 2nd extraction becomes obsolete.

"Re page 25, Ireland and U.K. .

Following the EEC-proposal (R/112/75), the Irish, British (and German?)

limits is evaluated to be about 40% milder than the proposed EEC-limit.

Re page 27, The Netherlands
Following the EEC-proposal (R/112/75), the Dutch limit is estimated to be

2 times milder than that of the EEC document.
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Re page 28, Denmark ‘

Following the revision of both limit values and temperature‘cbnditions'
etc. in EEC proposal (R/112/75), the Danish limit for cookingware is
evaiuated to be equivalent to the EEC proposal.

Re page 28, Italy

Following the EEC-proposal (R/112/75), the Italian consideration of
limits connected to hot temperature test is evaluated to be about lo
. times (for lOOOC), resp. 2.5 times (for 120°C) 1less stringent than
the EEC proposal. |

Re page 28, United Kingdom

Following the EEC-proposal (R/112/75), the British Standard limit for
lead from cookingware is evaluated to be milder than the EEC proposal

" in the ratio 5 : 7.

Re page 29, Denmark

Fdllowing the EEC-proposal (R/112/75), the Danish regulations prescribe
a test for cadmium which is about 1.5 times more strict than the EEC
proposal as far as tableware is concerned, while about 3 times milder for

cookingware.

' Re page 30, Italy
Following the EEC-proposal (R/112/75), the considered Italian limit for

cadmium from tableware is about 3-4 times more restrictive than the EEC-
proposal. In the case of cookingware it is judged to be about 5 times

milder.

| Re page 30, Ireland

Following the EEC-proposal (R/112/75), the Irish and the EEC proposed limits

are practically eqﬁivalent.

Re page 30, The Netherlands

Following the EEC-proposal (R/112/75), the Dutch cadmium limit is estimated
to be slightly milder than the EEC-proposal. f
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Re page 31 concludlng remarks to chapter 3

Follow1ng the proposals of doc. R/112/75 the over-all variation of the '
degrce'of restrictiveness is descrlbed with a range of factors from about

S'dbwn to the order of 1/5.

For tablewafe if is noted (cfr. the revised table 4, below) that the
Danish and Italian limits are stricter for both lead and cadmium than. the
EEC proposal, while the limits/described from the other countries are
equivalent to or slightlv milder. For cookingware, the national limits

are equivalent to or milder than those of doc. R/112/75.

Re page 32, table 4
Pollow1ng the EEC-proposal (R/112/75), a revised table 4 is as follows:

Tableware Cookingware
Lead Cadmium "Lead Cadmiam
Denmark 5% 1.5x 1x 0.3x
Italy 2% 4x 0.1°-0.25%  0.2x
United Kingdom 0.7x 0.7x 0. 7x 0.7x
Ireland 0.7x 1x 2 +
Western Germany 0.7x ix 3 +
The Netherlands 0L 5% 0. 8x% + 3

O)lSt extract only

Re page 33-44, Chapter 4
Several minor amendments and revised figures have been added to the text
as foot-notes to indicate the evaluations in the light of final version of

EEC-proposcl doc. R/112/75.

Page U48-63, Chapter 6

Several minor amendments and revised figures have been added to the text
as foot-notes to indicate the evaluations in the light of final version of

EEC-proposal doc. R/112/75.

Page 65. Table on total lead contamination in diet.

Following the amendments and corrections which have been made necessary
in this studv by the final version of FEC proposed directive, doc. R/112/75,

the concluding table on potential, total contamination for lead on the

.typical Danish diet will read as follows:
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Uf.Food Group © - Treatment Type of object For objects meeting

Danish test FEC prop.test,
mg/kg wg ' mg/kg . Mg

8

i

The revised estimate for the potential ‘weeklvy intake of lead from objécts

' meeting the proposed EEC-1imit is thus 2.1 mg per person, or 68% of the
total tolerable intake. 22% of the total amount is estimated to come from the

cookingware, while the remaining 78% from the tableware.

.

A somewhat reduced potential level of contaminations is therefore achieved

by the proposed limits of Doc. R/112/75 compared to the working-group

. ¢onsiderations. It is noted, however that the reduction is not propbr—

tional to the numerical reduction of limit values (cfr. table 4 compared
to the revised table 4). This is partly due to the fact, that the change
in limit values will be of practical significance for the decorated ware
only, while no influence on the plain ceramics is anticipated, and partlv
connected to the lack of proportionality sometimes found hetween releaée

of lead into food and into test liquid. Thus, the remaining level of prac-

~ tical migration is still comprising a considerable proportion of e

the total tolerable intake.

Page 67, Table on total cadmium contamination in diet

Following the amendments and directions which have been made necessary in
this study by the final version of EREC proposed directive, doc.R/112/75,
the concluding table on potential, total contamination for cadmium on the

typical Danish diet will read as follows:

Food:
1. Hot non-acid Cooking Plain ceramic 0.05 126 0.05 26
) A Serving NDecorated ware 0.03 15 0.10 51
2. Hot acid Cooking Plain ceramic 0.70. 35  0.70 35
. Servineg Decorated Ware 0.70 35 1.4 70
3. Cold non-acid Serving Decorated Ware 0.00 0 0.00 0
L4, Cold acid Serving. Plain ceramic 0.06 13 0.17 38
Beverages:
5. Hot non-acid Serving Plain ceramic 0.02 10 0.10 50
6. Hot acid - - - - - -
7. Cold non-acid ' Serving Plain ceramic 0.00 0 0.00 0
8. Colé acid Serving Plain Ceramic 0.06 9 0.17 26
Total migration per person per dav: 143 g 297 ug a
| per week: 1.0 mg 2,1 mg
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Treatment

Food Group " Type of object For objects meeting
' Danish test EEC prop.test
me/kg  ug  me/kg ug
Food i
1. Hot' non-acid Cooking Plain ceramic 0.013 7 0.004 2
. Serving Decorated ware 0.03 15  0.05 25
2. Hot acid‘ Cooking Plain ceramic 0.16 8 0.05 3
Serving Decorated ware  0.08 L 0.12 6
3. Cold non-acid Serving Decorated ware 0,00 0 0.00 0
4. Cold acid Serving Plain ceramic 0.03 7 0.05 11
Beverages:
5. Hot non-acid Serving Plain ceramic 0.017 9  0.025 13
6. Hot acid - - - o - 0
7. Cold non-acid Serving Plain ceramic - o - 0
8. Cold acid Serving Plain ceramic 0.03 5 0.05 7
" Total migration per person per dayv: 55 ug 67 ﬂg
per week: D . bmg a0 . 5mg

In the case of cadmium it is thus estimated that the potential intake from

objects meeting the proposed FEC limit is 0.5 mg per week per person, i.e.

equal to the total tolerable intake. 5 ug per day or about 8% of this amount

is estimated to come from cookingware.

The,reduction in potential cadmium release into the total diet according to

doc. R/112/75 compared to the working-group document is estimated to be

more pronounced than was the case with lead, and the influence of the limit

changes is more evenly distributed among the various eating situations. It

is noted, however, that the total potential amount is still of a siz=hle

order of magnitude compared to tolerable intake.
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