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1. INTRODUCTION

The problem of lead and cadmium release from ceramic foodware requires effective
means of control to assure the protection of the population sgainst possible hazards
arising from the use of improperly formulated, applied and fired glaxzaegs and degorations
on ceramic foodware used for the preparation, storage, or serving of food and
beverages, As a2 gecondary consideration, the varying standards from country to
country over the control of the release of toxic heavy metals from glazed vitreous
surfaces or applied decorations present non-tariff barriers to international trade in
these commodities. Accordingly, there is a need to establish internationally accepted
methods of testing ceramic foodware for lead and cadmium release and to define permitted
limits for the extraction of these toxic heavy metals.

Two practical considerations make it difficult to agree on effective means of
control. In the first place, all test procedures are based on the use of simulative
liquids in laboratory conditions, and the correlation with extraction in actual
service use is as yet very inadequate. Secondly, there is & limit to what can
practicably be achieved by the ceramic manufacturing industry working within a
technology uging lead and cadmium in glazes and colours.

Increasing awareness of the importance of heavy metal release from ceoramic
foodware was shown by the attendance of 130 participants, from 25 countriles around the
world, at the International Conference on Ceramie Foodware Ssfety which met in Geneva
from 12-14 November 1974.

-

The following resolutions were unanimously adopted by the delegates to the
Conference (1):

"It is the sense of the Conference that the term "ceramic" shall include
ceramics, pglass, vitreous enamels, and glass ceramics,

It is unanimously: RESOLVED, that:

1, The Conference recognizes the need to establish limits of lead
and cadmium release and internationally accepted uniform methods of
analysis to deal with ceramic foodware cafety.

2, The Conference recognizes the need to establish a correlation
between the extraction of lead and cadmium by food from ceramic
foodware and & well-defined acetic acid extraction test.

3. The Conference recognizes the need for examining the extent to
which lead and cadmium extracted from ceramic foodware contributes to
the provisicnal tolerable weekly intake (2) of these elements.

4. The Conference recognizes the need to eatablish an educational
programme te reach the industry, "Cottage Industry'", art hobby potters,
and teachers, with concise information on control of lead and cadmium
in ceramic foodware glazes and decorations throughout the world,

5. The Conference recognirzes the competence of WHO to determine the
proper organizational path to deal with the above matters."”




As a result of interest shown in and the importange attaghed to the subject, WHO
convened a Meeting on Ceramic Foodware Safety in Geneva from 8-10 June 1276 to:

i) review and recommend technical procedures for sampling, extraction and
analysis of lead and cadmium released from ceramic {oodware;

and

1i) establish limits of extracted lead and cadmium to protect the health of
the consumer.

In addition, the meeting was to consider the further research needed to carrelate
the lead and cadmium absorbed by food substances from ceramics and its contribution to
the bedy burden of lead and ecadmium, with consideration being given te the variations
in diects,

2, GENERAL CONSIDERATIONS

Although instances of acute lead intoxication due to plazed pottery have occurred,
acute intoxication due to the absorption of lead and cadmium from ceramica does not
ronstitute a widely spread world health problem. However, lower level, chronic
exposure to lead and cadmium, may constitute a more general health hazard.

The problems of 1mad and cadmium release from ceramic foodware applies to
dinnerware articles used for the serving or storage of foods and heverages as wel)l axg
to articles used for the cooking and for storage of food. This problem has heen known
and investigated for at least fifteen years. In spite of the increased knowledge and
awareness in this area, there remains an imperative need for education, surveillance
and regulatory enforcement on a world-wide basis.

2.1 Different types of ceramic f[oodware

While the report refers to ceramic foodware, which is defined as including glazed
pottery, vitreous enamelware and glass, it must he recognized that there are differences
hetween these three types of utensils in terms of manufacturing technology, usage and
the nature and magnitude of the potential health hazard, The Meeting was aware that
the most important problem is improperly glazed pottery and that awareness has greatly
influenced its discussions. The control of extractable metals in vitreous enamelware
and glass is, in the light of available evidence, net as urgent or important and some
countries may not wish to accord the same prierity to their control as that for glazed
pottery, However, if such controls are introduced at the same time, it is recommended
that the testing end limits should be the same. Looking to the future, the posaibility
should he considered that further discussion or new evidence may peint to the
advisability of introducing some differences in the control details for the different
materials, such As limits for ancther metal, reducing limits further on grounds of
differences in usage or because there are no valid technical reasons for not dolng
g0, etc.

Unglazed pottery presents a different problem due to the fact that it cap permit
1he growth of pathogenic bacteria which potentially may constitute a more serious
health hazard than that resulting from possible exposure to lead and cadmium. Thus
the glazing of pottery does in practice confer a beneficial health effect in terms of
better hyvgiene.




The report deals with utensile used in the home or eating establishments for the
preparatien, consumption and storage of food and beverages. It does not deal with
articles used in food manufacturing industry or those in which food is sold. While
it is desirable that such articles comply with extraction limits, no les2s strict than
those for similar articles used in the home or in eating establishments, stricter
hygienic standards may have to apply, such as statutory limits for contaminants in
food for sale (it must be stressed that compliancge with the extraction limits
recommended in this report is not an alternative to complianee with such statutory
limits for food).

2.2 Metals to bhe controlled

The Meeting agreed that there iz need to control the release of lead and cadmium
from ceramic foodware. The mechanisms of their release and their biological etffects
are outlined in Sections 3 and 4 respectively. The Meeting was aware of the fact that
uther metals are used in making glarzeg and can be extracted and that some of thesa
metals are essential elements. However, on the evidence available at the present,
including the consideration, there appears to be no need 10 control any other metals.

Furthermore, it was concidered that intreducing contrels for these other metals
ig not only unnecessery from the health point of view, but it could ag¢tually be
detrimental in digsipating effort and resources that would be much more usefully
employed in controlling lead and cadmium,

2.3 Implementation of control messures

-

As régards the implementation of the recommended controls, which are intended to
be applicable throughout the world, the meeting had to take into account the fact that
local conditions and the systems that could be used to implement these controls can
differ. For example, some countries would implement the controls at the manufacturing
and importation stage, others at the retail sale stage. 3till others could employ &
combination of hoth.

2.4 Additional recommended measures

The Mesting felt that the control measures it recommended would deal with the
situation in normal! commercial sale of goods manufactured on both large and small
scale, These measures would not, however, in themselves effectively control the
hazard in certain other areas such as pottery as a hobby and "cottage ;ndustry In
these areas, the problem is more serious where raw lead or cadmium compounds are used
in glazing (as againzt fritted materials) or when low firing temperatures are used, and
the hazard i3 particularly serious when such ceramics are used for cocking or for
storage of acidic beverages, such as wine or fruit Juices.

It wag considered that education and publicity, of the right kind and in the
right quarters, is necessary to deal with these gpecial problems, as well as certain
forms of practical assistance such as providing advice and arranging for s supply of
safe glazes, Before this can be done, it may be necessary to lnvestigarte the nature
and extent of the problem, bearing in mind the possibhility that this could vary
congiderably from distriect to district,
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3. MECHANISMS OF LEAD AND CADMIUM RELEASE

Tt is well known thet ceramic glazes may release lead and cadmium. However, the
release mechanismg heve been the subject of considerable research over the years. As
far as lead 12 ¢oncerned, the release is a fumction of the stability of the silicate
network in an acid medium. The stability is determined by the chemical constituents
of the glaze, by the presence of network modifiers and by the temperature and acidity
of the leaching solution,

As far as cadmium bearing glazes are concerned, the element ig pregent in the
two phases of the glaze, i.e. in the e¢rystalline phase and the glassy phase. The
erystalline phase is composed of cadmium sulfide or cadmium sulfoselenide, The glassy
phase contalng, in addition to the basic econstituents, both lead and cadmium. Studies
Lo date suppesat that the release from the crystalline phase iz dependant on the pH of
the leaching solution, the light conditions inm which the leaching is carried out, and
the availability of oxygen in the leaching solution. Release of cadmium from the glassy
phase is believed to be by mechanisms similar to that for lead. The mechanisms of
lead and cadmium release are considered in greater detail in Annex I.

4, BIOLOGICAL EFFECTS OF LEAD AND CADMIUM

Excessive exposure to lead and cadmium can produce toxic effects. However, low
levels of intake of lead and cadmium can be tolerated without adverse health effects.
In arriving at what constitutes a tolerable intake, it is necessary to consider all
sources of envirommental exposurces: air, water and food. The contribution of lead
and cadmium from glazed ceramic ware is incremental to these environmental sources,
More detailed discussion on lead and cadmium toxicity is described in Annex I1,

5. DEFINITIONS AND SAMPLING

9.1 Definitions

In recommending the extraction limits, consideration was given to the way in which
the differences in shape and use of the ceramie ware affect the potential hazard. Tor
example, the term "flatware” is not used in its usual sense of including a&ll plates,
but is restricted to those that do not exceed 25 mm in internal height, thus in effect
applying stricter limits to deeper plates such as goup plates and dessert plates.

Other exampleés are the stricter limits for storage vessels (large hollow ware) and
articlea specifically designed for infants. The definitions of the different cate-
pories of ceramic ware are listed below:

Dinnerware; ceramic flatware and hollow ware used in the preparation, serving
or storage of foods other than cookware,

Flatware: flatware consists of ceramic aprticles which have an internal depth,
as measured from the lowest point to the herizontal plane passing through the
upper rim, that doess not exceed 25 mm,

Hollow ware: ceramic articles having an internal depth, asz measured from the
lowest point to the horizontal plane passing through the upper rim, greater than

25 mm,

Small hollow ware: hollow ware with a capacity less than 1,1 litre,




Large hollow ware: hollew ware with & capacity of 1.1 litre or more,

Ptems speclificalily designed for infant use:; ceramic articles used for sServing
infant foods,

Cookware: glazed articles specifically intended to be heated by means such as
steaming, boiling, braising, stewing, roagting or baking, in the course of the
preparation of food or beverages. Examples of such articles are cassgeroles,
bakers, roasters, souffles, perculators, slow cookers and saucepans,

Criteria for sampling

Dinnerware (includes flatware, small hollow ware, large hellow ware and items
intended for infant use)

In selecting samples of dinnerware for determination of the lead and cadmium
release rates, the following criteria should be employed:

The category posing the highest health risk to the consumer should be given
priority. For example, in a set of dinnerware, hollew ware such ag bowls, should
be used for testing of lead and cadmium release rates,

Within each category of dinnerware selected for testing, the articles having the
highest surface area/valume ratio in contact with foods shall be selected, Thus,
the smallest bowl would be tested in preference to the largest. Further, the
mest highly coloured or decorated article withln each category of dinnerware
should be selected. for testing.

2) Cookware

In selecting samples of cookware, the same criteria as for sampling dinnerware
apply, except that cookwamre hav;ng 4 highly coloured interioer (base and/Or lid) should
be given preference,
5.3 Bawple size
1) Dinnerware

It is desirahle to develop & system of control that is regarded As gppropriate to
its circumstances. Thus, when the consignment is large, it is recommended that six
pieces from each lot be tested, Each of the six pieces should be ldentical in size,
shape, colour and decoration, If the consignment is amall, fewer pieces may be szelected
for testing.

2) Cookware

The size of sample selected for testing should be the same as for dinnerware
(see above). '




METHOD OF ANALYSIS

Preparation of test solution

Dinnerware {includes flatware, hollow ware and items intended for infant use)

1) Simulating solvent

(a) Nature: the simulating solvent to he used in the extraction of lead and
cadmium from ceramic articles usod as food containers is a 4% by volume
acetic acid sclution,

{b) Preparation of the sclution: the 4% by veolume acetic acid golution is
obtained by adding 40 ml of glaeial acetie acid to 960 ml of distilled water
or water of egquivalent gquality, The solution should be freshly preparved
from glacial acetic acid which has been stored in darkness.

2) Preparation of the samples

The sample must be clean and free from grease or other matter likely to
affect the test.

The sample is accordingly washed at a temperature of about 40°C with a
solution obtained from a liguid detergent.

The sample thus washed is first of al)l rinsed in tapwater and then in
distilled water or water of equivalent gquality.

It is then drained and dried either in a drying oven or by means of a new
Tilter paper so as to avoid any stain.

After being cleansed in this way, the sample must be 50 handled that the
surface to be tested does not come into contact with the hands of the person
carrying out the test,

3) Tilling

The level of the liguid must be within 5 mm from the overflow point as
measured along the surface of the article.

4) Lighting

After boing prepared in the manner described in Section 2, the sample is
placed on a flat horizontal surface, filled as laid down in Section 3 with a 4%
by volume acetic acid solution prepared as described in Section 1{b)}.

The lighting conditions during the test shall be as follows:

(a) Lead extraction: when only the extractability of lead is tested, the
article shall be covered with an appropriate means of protection and
axposead to the usual conditions of illymination in a laboratory.

(b} Lead and/or ¢cadmium extraction: when the extractability of lead and/or
cadmium is tested, the article shall be covered with a watch glass of a
guality normally employed in chemical analysis laboratories and exposed to
the following condltions of illumingtion for the full test period:




the room shall be illuminated selely with fluerescent lamps with

& nominal colour temperature of 3 800 to 4 300°K. These lamps will
have to be placed at a height of zome 1.5m above the bench so as to
give uniform illumination of approximately 1 000 & 10% lux (3).

5) Temperature

An ambient temperature of 22 I 2°C shall be maintained in the place where
the test is being carried out,

6) Duration

The duration of the test will be 24 hours * 10 minutes, in the conditions
set out in Section 4 (&) or (b), according to the type of test carried out.

Cookware
1) Simulating solvent

Nature: the simulating selvent to be used in the extraction of lead snd
cadmium from ceramic articles used as cookware is a 4% by volume acetic
acid solution, - ..

2) Measurement of the effeetive internal valume

The ware shall be sufficiently clean (see 3) to ensure that & correct
agseasment of the effective internal volume can be made. In general the total
interna) volume shall be taken as being the effective internal volume. Where the
vessel 1s supplied with a lid, e.g. cassercles, the effective internal volume
shall be taken ag the volume up te the plane on which the 1id rests. The article
is filled with water to the limit of the effective capacity, and the volume
racorded as being the effective internal volume.

3) Preparation of the samples

The sample must be clean and free from Erease or other matter likely to
affect the test.

The sample is accordingly washed at a temperature of about 40°C with a
solution ¢obtained from a liguid detergent,

The sample thus washed is first of all rinsed in tapwater and then in
distilled water or water of equivalent quality.

It is then drained and dried either in a drying oven or by means of a new
filter paper so as to avoid any stain.

After being cleesnsed in this way, the sample must be so handled that the
surface to be tested does not come into contact with the hands of the person
carrying out the test,

The vesasel is pre-heated to as close to 100°C as practical. It is then
filled to two-thirds of its effective volume with boiling distilled water. Tha
volume of glacial acetic acid necessary to result in a 4% v/v solution iy added
to the bolling water. The vessel will then be covered, using 1ts own 1lid if




appropriate, in order to minimige evaporation, It should then be placed in
contact with the source of heat and maintained at a temperature to engure
gontingous but gentle boiling for twe hours. In cases where significant
evaporation ocours, more acetic acld (4% v/v) shall be added in order to ensure
that the arem of contact is not appreciably diminished. It shall then be removed
from the source of heat and allowed to stand for a further 22 hours ¥ 10 minutes,
at room temperature, making a total time of 24 hours in contact with the acld.

The scurce of heat may be either an electric oven (preferably with fan-
assisted circulation) or a heated 1liguid bath (such as glycering), Where a
liquid bath is used, the vessel will be immersed so that the acid test solution
is approximately level with the bath liguid. It mast be noted that the bath method
can result in a greater refluxing and might be called for where puch refluxing is
desirable to test the 1id. In the case of articles with a built-in source of heat
{for example, alow cookers), that source of heat should be used.

The volume of the liguid remaining in the article after 24 hours ghall be
measured, and & suffieient acetic acid (4% v/v) shall be added to restore it 1o
two-thirds of the effective internal volume. The measurement of the concentration
of lead and cadmium shall be made on this restored velume,

If the article cracks or leaks during the test, the test shall be
recommenced on a second sample. I1f the second sample leaks the cuter surface of
a third sample shall be sealed by coating with a suitable sealant, and the test
again recommenced, Such a sealant is & silicone sealant diluted, before
application, with toluene.

Recommended reference method of analysis

Sampling of the test solution for analysis

Prior to sampling of the test solution to determine the lead and/or cadmium con-
centration, the contents of the ceramic article to be tested are homogenized by an
appropriate method for obviating any loss of solution and any abrasion of the surface
of the article to be tested,

2, Method of analysis

The quantity of the lead and/ar cadmium extracted by the solvent during the test
is determined by the atomiec absorption method with the aid of a flame spectrophotometer,
the instrument having a sensitivity of at least ome~tenth of the lowest limit fixed
for the slements to be determined, This sensitivity is defined as the concentration
of elements which gives rise to an absorption of 1%.

The determinations must be carried out in correspondence with the linear part of
the instrument's calibration curve plotted by means of reference solutions. In the
case of the concentrations of lead and/or cadmium in the test solution which lie
ocutside the linear part of the calibration curve, prior ditution with 4% by volume
acetic acid will have to be ¢arried out in order to work with & concentratlion
corresponding to the linear part of the calibration curve.

In order to plot the calibration curve, the reference solutions to be employed
will have to be prepared prior te each calibration using concentrated stock solutions
(2t least 1 000 ppm for lead and 100 ppm for cadmium) which are diluted with frashly
prepared 4% by volume acetic acid.




Prior to any calibration or analysis, a blank determinzticn is carried out on g
sample of 4% by velume freshly prepared acetic agcid in order to take into consideration
any guanitities of lead and/or cadmium present in the glacial acetic acid and/or the
water employed.

Other techniques may be used such as dithiozone ar polarographic analysis,

The analysis of the solution should take place if possible within & hours of the
end of the leaching period, This is because of a risk of significant absorption of
lead and cadmium cnte the walls of the storage container, particularly when they are
present in low concentrations,

7. RECOMMENDED LIMITS OF RELEASE

After reviewing the current information on this subject, the Meeting agreed to
recommend the following limits for the different types of ceramic articles. These
articles should be tested according to the procedure in Secticn 6, "Methods of
Analysis";

Lead (mg!l) Cadmium (mg/1)

Dinnerware
Flatware 7.0 0.7
SEmall heollow ware 5,0 0.5
Large hellow ware - 2.5 .25
Items specifically designed for infants 2.5 0.25
Cookware 5.0 0.5

In recommending the limits set above, the Meeting wished to point out the
following: ‘

{1} Because flatware should constitute a minimum source of lead burden {rom
ceramic articles, limits for flatware (lead and cadmium) refer to the value
obtained when the individual value af the plece tested are averaged,

{(2) All other limits are expressed in absolute maximum values, in that neo
individual unit comprising a sample may exceed these levels.

(3) The limits for cookware are considered as provisional, since analytical data
are lacking to-support another figure, The Committee noted that additional data
are required in order to better relate results to actual usage.

&, EDUCATION

Sufficient technology currently exists =o as to enable the production of ceramic
ware which will meet the recommended limits for released lead and cadmium. A great
deal of this know-how has been published. Particularly useful documents are the
Internaticonal Lead Zine Research Organization, Inc, Manual No. 1 - Lead Glazes for

Dinnerware and the Proceedings of the Internatiomal Conference on Ceramic Foodware

Safety, 12-14 November 1974. These materials can be made available to zll seramics
mapufacturers throughout the world,

The smaller scale "cottage industries”, and amateurs, present a unique problem in
that they are generally not as well informed with respect to the proper technology te




prevent excessive lead or cadmium release, The meeting was informed that work was
currently heing done to produce easily readable and illustrated literature for
distribution throughout the world,

The potential hazard of improperly glazed ceramic ware should be brought to the
attention of publishers of books for hobby potters. Their attention should be drawn
t: the problems which may result from experimentation with glazes to be applied to
potential food contact articles with the request that future editions be revised
accordingly.

o, RECOMMENDA TIONS

1. WHO should promote the adoption of the sampling methods, testing tachnigues, and
limit values contained in this respect for the purpose of proteciing health and
harmonizing the regulations of all countries with respect to lead and cadmium reloasc
into foods from geramic articles. National regulatory agencies should therefore
institute effective programmes to implement the limits of release of lead and cadmium
from ceramic foodware., Manufacturers should also be encouraged to establish eftective
quality control procedures to ensurc the safety of their products prior to
distribution for sale.

2, Tt is recommended that a series of educaticnal materials he prepared and made
penerally avallable, explaining in a congise, simple manner the problem of lead release
and the means of control, It is recognized that this material might be presented for
audiences of varying skille and technica) competence., Therefore, two lavels of
educational material should he developed: one of them relating to up-to-date
information on the latest sophisticated technologiecal advances in the contral of lead
and cadmium release from high-gquality ceramic ware, the other for distribution to the
‘woltage industrﬁ'and the hobby peotter in an easy-to-understand picture booklet,
praviding the rudiments of producing ceramic foodware with low levels of lead and
cadmium release.

3. It i recommended that research be initiated or continued in the following
priority areas:

{a) development of a room-temperature procedure and limits adequately
representing the extractiocn of lead and cadmium from coockware which
are intended for use at high temperatures;

(b)Y effects of light on cadmium release from ceramic foodware into food and
simulated solvents,

(c) development of simple screening tests for lead and cadmium relesse from
ceramle foodware for use by "cottage industries”, hobby potters and the
lika, The progedure would have to be available in kit form and should
be eagily used by non-scientilically oriented individuals;

(d) determination of the most favourable conditions of composition and
manufacturing techniques for gtabilizing lead and cadmium in the structure
of ceramic foodware for minimizing their release;

(e) determination of the relaticnship between lead and cadmium uptake by food
substances compared to the uptake by the solutions used in the recommended
extraction methods;

(£} the determination of the effect of factors encountered in service conditiona,
such as abrasion and detergent action, on the rate of extraction.




4, It is recommended that a future WHO meeting on ceramic foodware safety be
convened, preferably in 1979, to consider:

(a) educational materials intended to improve the guality of ceramic foodware,
thereby reducing health hezards;

{b) new test methods such as cookware tests at raom temperature and simple

screenlng tests, refined extraction of cadmium sulfide and more elaborate
sampling and sqigistical methods,
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ANNEX I

MECHANISMS OF LEAD AND CADMIUM RELEASE

The mechanisms for lead and cadmium release from certain types of ceramic foodware
were described in the Proceedings of the International Conference on Ceramic Foodwarce
Safety(l) as well as in the Report of the Institute for Industrial Research and Standards,
Dublin, Ireland, by Halpin, M.K. et al.(2).

Load migration

One of the important factors for the lead release from a glaze 1s the chemical
compogition of the glaze. With a properly designed colourless glaze, i.e. & glaze with
a proper ratio of agidic to alkaline components, it is found that a typical hotel china
glaze {(cone 5) contalns:

0.066 K40

G.179 NaaQ 0.340 A1203

0.261 PbO 0.314 B0z 3,360 §i0g
©.494 Ca0

With this formula, the release of lead into an acetic acid test solution is a fraction
of 4 part per aillion, 1.e. very low compared to the limits generally accepted,

However, this picture may be disturbed by medification of the glame ¢omposition.
¥or instance, if for the purpose of colouring, a few weight per cent. of copper oxide
arc added, the lead release is considerably increased. On the contrary, the addition
of acidic components, guch as oxides of tin, zireonium and titanium (often used as
opacifying oxides) has no adverse effect on the lead stability of glazes.

Certain low melting lead oxide glazes, i.e. glazes with a high ratico of lead oxide
to acidic oxides, are especially sensitive to addition of alkeli, for instance oxides
of sodium, potassium and lithium, In this case, the lead release is found to increase
with increasing radius of the modifying alkali ion.

Other factors affecting the lead release from glazmes are the thickness of the glaze
and the temperature and duration of the firing. Generally speaking, the thinner the
glaze layer, the higher the firing temperature and the longer the duration of the firing,
the greater is the probability of a low lead release. In sddition, the atmosphere of
the kiln is alsc of considerable importance.

A closer study of the very mechapism of interaction between a ceramic surface andg
the test solution has been made in the c¢ase of bulk glasses. Regarding the glass a3
basicelly a three-dimensional silicon dioxide network, to which a certaln amount of
modifying slkaline oxide (for instance lead oxide) is added, the machanism of inter-
action with a test solution can be described as follows:

The process of lead leaching by acidic solutions implies that Ph=0=-bonds are broken
so that lead ions are set free and substituted by OH-ions in the network. If this lead
leaching leaves a relatively undistorted silicon dioxide network, the dissclution of
lead rapidly decreases with time. However, the leaching of lead from the surface layer
results tn a distorted network. The release will continue to a considerable extent,
arising from deeper layers of the network. Therefore, ope would expect the addition
of modifying alkali oxides to the glass will decrease the stability of lead due to a
weaker bonding within the distorted silieon dioxide network.
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The most salient conclusion is that lead release from the glasses falls to low
levels when the amount of medifying ions is less than about 0.7 mole per mole of silicon
dioxide, This conclusion, if applicable to other glass systems more complex than the
simple alkali-lead-silicate glasses studied, could prove to be valuable in the compaund-
ing of acid resistant lead glazes and glagses.

Cadmium migration

The history of cadmium pigments gpoes back to the last century, In Bohomia where
the pigments were particularly admired, the brilliant cadmium yellow was described as
"Kaiser yellaw". Pure cadmium sulfide glasses are yellow, however, if increasing

proportions of selenium are added to the glaze the colour changes f{rom yellow to orange
and finally to 2 brilliant red, As far as the designer of pottery decoration is
concerned, the cadmium colours are important as they offer a range of colour which has
considerable appeal in the market place.

The formation of the colour takes place en cooling the glass when cadmium sulfide
or sulfo-selenide orystals precipitate out of the plass melt. X-ray diffraction
studies have shown that the colour depends ohly on the chemical composition of the
particular sulfo-selenide ecrystsls and is independent of the size of the crystals, on
the surface, therefore, of a cadmium glaze there are two phases present: (a) & glassy
phase which in addition to other baszia congtituents contains lead and a small amount of
cadreium, and (b) a erystalline phase of cadmium sulfide or cadmium sulfo-selenide.

The results available in the literature suggest that the crystalline phase is liable to
photo-oxidize to a soluble sulfate during test and in use.

In the leaching of the cadmium from glazes, it has been shewn that the amount of
cadmium released in the test with acetic acid is dependent on the intensity ef the light,
the duration of light during the test and the availability of oxygen in the test solution.
Depending on these factors leaching cazried out in light may yield many times the amount
of cadmium compared with a test carried out in darkness, The release of lead is not
affected by the light conditions during the test,

The present understanding is that if a leaching is carried out in darkness, cadmium
and lead are released from the glassy phase. If a test iz carried ocut in the light
there will be not only release from the glassy phese but also release from the crystal-

line phase due to a photo-oxidation. The amount of cadmium released from the crystal-
line phase wil)l be dependent on the light sensitivity of the colour, In the few years

since the discovery of the effect, many relatively non-light sensitive colours have come
onte the market.

As regards the release of cadmium from the crystalline bPhase in normal use, Halpin
et al. have shown the release is affocted by the presence or absence of oxidants or
antioxidants in the beverage or other leaching medium. ignificantly, howaver, it has
been shown that even tap water can leach considerable quantities of cadmium from the
sulfide phase of the glaze.

A test for cadmium in light therefore has certain advantages as it monitors the
release from the e¢rystalline phase and it monitors the light sensitivity of this phase.

Factors affecting lead and cadmium release into food

When considering the release of lead and cadmium into food, eertain situations are
of special interest because ‘they are liable to give rise to a considerabie potential
intake of lead and/or cadmium:

1, The use of ceramie objects for cooking, serving and storage of beverages, liable

to be consumed in greater amounts than foodsa.
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2, Contact between caramie foodware and food under extreme conditions:

{a) exposure to food of a high temperature;
{b) exposure to food of acidic foods;
{c) storage of food for long periods.

Of these situations, it is the storage and subsequent intake of (acidic¢) beverages
that has given rise to most of the known cases of acute lead poisoning from ceramic
articles (3). However, the less extreme yot continuous exposure due to other types of
contact between food/beverages and ceramic foodware should also be taken into consider-
ation when attempting to contreol lead apd cadmium release from ceramic objects inte food.

General remarks on test solution compared to food acid attack mgchanism

When the quality of ceramic foodwars with regard to lead and cadmium release is
assessed, an ideal test method would be to measure the release of lead and cadmium into
all kinds of foods under normal use conditions.

However, taking into considerstion the vast amount of different articles being
produced, the great variety of foods potentially brought inte contact with them, and the
analytical difficulties, such a test is practically impossible, Consequently, it has
become a common practice in many countries to use a simulating sclution, gonerally 4%
acetic acid, for the test procedure. This enables the test and analysis to be relatively
simple and fast, thus making possible the testing of a great number of samples, both at
the production level and in public control. It aleo gives a basis for comparison of
the guality of the ohjects in relation to each other. However, it must be admitted that
the extrapolation of such results to an estimate of heavy metal release - and intake -
py contact with food is a difficult task and that the information abtained until now in
this field iz very limited.

in fact, as the fitness of ceramic ware for food use is decided by regarding the
release of lead and cadmium by a test using a simulating solvent, it is mandatory for a
precise estimation of the potential intake of lead and cadmium by practical use - and
thus the importance to health -~ to know the link between release by the test and release
during practical use, A= for information available in the literature in this fileld,
the situation is summarized in a repoert by Engherg and Bro-Rasmusgen {4), Here, an attempt
iz made to compare the release of lead and cadmium from ceramic foodware into a test
solution to the release into food under normal use conditioms, Further, 1t has attempted
to assess the potential weekly intake of lead and cadmium from this source, compared to
the recommendations of FACVWHO {5). However, more experimental work is ¢learly desirable
in this field,
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ANNEX II

A. BIOLOGICAL EFFECTS OF LEAD

Exposure

Lead is an ubiquitous element in the biosphere. Therefore it will be present in
the human body with the body burden depending on the level of snvironmental eXposure .,

In rural areas levels of lead in air are about O.) pg/mB and in cities 1-3 pg/ma.
Tobacco smoking may contribute to inhalation of lead. Estimates for absarption range
from 25% to 50% of inhaled lead,

The lead concentration in municipal water is at the level of less than 0,01 mg/l.
The WHO Internaticnal Standards for Drinking Water suggest a tentative limit for lead
of 0.1 mg/l (1)(3). Assuming a daily consumption of 2.5 litres the maximuem lead intake
will he 250 JE per day. o :

Results of determination of lead in total diet indicate a daily intake of 200-300 ug
per day. It is necessary to point out that approximately 10% of ingested lead will
be absorbed.

Metabolicm

Absorbed lead is transported primarily on the surface of the red hlood cells and
is distributed throughout the body. JAn equilibrium can be established between lead
absorption and urinary exeretion, - Above a critieal intake level, positive lead balance
will appear. As an osteotropic element, lead will be stored in the skeleton. The
total body burden of an adult is estimated to be 100-400 mg {(about 95% in bones).

Recently mobilization of lead by chelating agents, as Ca EDTA has been used
clinically for evaluation of lead body burden. In adults under normal lead exposure
the blcod lead level is less than 40 ug/100 ml of whole blood.

Most of the ingested lead is excreted in the faeces which usually contain
0.22-0.25 mg lead per day. A very small amount is excreted in sweat. Urinary lead
excretion is less than 0.1 mgy1.

Toxic effects

A sufficiently high exposure to lead will inhibit heme synthesis that is incorpeor=
aticn of iron inte heme as well as inhibition of the porphyrin biosynthesis, As a
consequence, the activity of ALA-dehydratase in the erythrocytes will be degreased,
excretion of d-aminolaevulinic zecid, coproporphyrin, uropcrphyrin and porphobhilinogen
in urimwill be inerdased; erythrocyte coproporphyrin, protoporhyrin and non-haemcglobin
iren store will be increased.

Lead may cause haematologic changes such as an inerease in the number of basophilic
stippled cells and reticulocytes, Chronie exposure to higher levels of lead may cause
anaemia, involving reduced haemoglobin, as well as the ag¢tuel number of erythrocytes.
Recently, an incerease in urinary excretion of hydroxy~indolacetic acid was reported.

Reral damage, especially in children, due to chronie plumbism has heen reported
in some countries. '

Exposure to higher concentrations of lead could produce acute poisoning, which is
manifested in three main forms:

(1) Abdominal colic and constipation represents the most frequent form;




- 20 - Annex I1

(2} Peripheral Neuropathy is in the se¢cond place by frequency. It is
characterized by a motor involvement, particularly the a&xtensor mascles
of the hands, rarely of the feet. Sometimes neuropathy is combined
with abdominal colig;

(3} lead encephalopathy is rarely observed in adults exposed to inorganic
lead, but is more often seen in children, Signs include vomiting,
irritability, drowsiness, stupeor or coma. These symptoms can be followed
by more seriocus sequelae: convulsive or behavioural disturbances,
psychomotor impairments, learning difficulties, etec.

Although high lead intake has been reported to produce cardiovascular, carcineogenic,
teratogenic and chromosomal aberrations, cother reports have not confirmed such findings.

"Tulerable inthE"

The Joint FAO/WHO Expert Committee (1}{3) recommended in 1972 a Provisional
Tolerable Weekly Intake of lead of 3 mg per person equivalent to 0.05 mg/kg hody weight.
This level does not apply to infants and children. Any inerease in the amount of lead
derived from any one source (air, water, food) will reduce the amount acceptable for
othear sSoUrces.

B. BIOLOGICAL EFFECTS OF CADMIUM

Cadmium is 2 metal with an extremely long hiclogical half-life in man. Even low
exposure levels may cause in time considerable aceumulation, especially in the kidneys.

Exposurse

tood is the main source of cadmium intake. Daily intakes appear to he between
L0=50 Mg in some Europeéan countries and the United States of America, whereas in Japan
the intake is higher. Cadmiut may arise from various foed containers such as cadmium-
plated utensils and ceramic foaodware.

The cadmium intake from water is low. The tentative limit set in the WHO
International Standards for Drinking wWater is loﬂpg/litre (2)(3). However, most municipal
water supplies contain less than 1Jpg/litre and higher values may be due to contamination

oither from industrial sources and piping which may release cadmium. In Sweden, even
near cadmium—emitting industries, cadmium coantont of drinking-water was not more than
l}ug/litre. Similar results have been obtained in Japan. The daily intake from water
will usually contribute less than 5 ug.

Cadmium in water can influencs levels in food: crustacea and shellfish from
contaminated estuaries, and cereals irrigated with water containing cadmium may exhibit
elevated levels of this contaminant. High levels of cadmium may also be found in eertain

target organs, such as the liver and kidneys of mammals.

The intake from inhaled air is low because the cadmium ¢oncentration is
usually helow D.Dldpg/mB. However, areas clase to cadmium-emttting industries have
significantly higher levels.

Smoking may also contribute to intake. 1t has been estimated that the smoking of

20 cigarettes per day may cause the inhalation of 2—4‘Pg of cadmium. Assuming an
absorption of 25%, this would add 0.5-1 pg per day to the body burden,




Annex I1

Metabolism

Less than 10% of cadmium ingested is abhsorbed. On the other hand, the body's
uptake of inhaled cadmium dependsz on the particle size and solubility and on the pulmeonary
efficiency of the individual concerned, Respirable particles will be mainly deposited
in the lewer respiratory tract and may be absorbed to a high degree, With cadmium
fumes the proportion may be 25%-50% and cadmium inhaled by cigarette smoke may similarly
be abgsorbed to about 50%. With dusts, the evidence sugpests the proportion may be
Gomewhat lower particularly if they contain a high proportion of insoluble salts such as
cadmium sulfide, Thus the main source of human body burden of cadmium ig food,

Inside the body the cadmium at first circulates mainly in the plasma and accumulates
primarily in the liver, The kidney is the target organ for cadmium, and after its
initial accumuylation in the liver it is transported, mainly in the erythroecytes to the
kidney where it accumulates principally 4im the cortical tissue.

The low molecular weight protein metallothiongin, and probably other similar low
molecular weight proteins, has an important functien in binding the cadmium &nd is
helieved to play a major part in its transpert to the body. Matallothionein is produced
in the liver and has a great avidity for certain metals including cadmium and mey serve
a5 a detoxification mechanism, Exposure to cadmium stimulates the production of
metallothionein, 4 response which apparently limits manifestations of cadmium toxielity.

The urinary excretion of cadmium approximates 1~2Jpg per day. The capacity of the
healthy kidney to excrete cagdmium is limited and any excessive intake will result in
an increased body burden and in partieular an increase in cadmium in the renal gartical
tissue.

The body burden of cadmium in the adult is estimated to he 10 to 30 millipgrams,
there being a gradual acocumulation with age to s maximum in middle life and possibly a
slight degrease in the later years. Some 50% to 75% of this quantity is contained
in the liver and kidneys, apparently in association with metallathionein. The renatl
concentration of cadmium is about 40 to 50 ppm, about one quarter the level at which
renal damage is held likely to cecur, vim. 200 ppm.

The slow exgretion results in an extremely long biclogical half-life, Calculztions
have shown that a2ssuming 0.005% of the total body burden is excreted daily, the bio-
logical half-life in the human body will be about 33 years, and assuming a daily excretion
of 0.01% the half-life would be about 18 years. These figures agree with estimates of
10-30 years of other workers,

Toxic effects

1. Cadmium-related proteinuria and nephropathy

Proleonged exposure to cadmium gave rise to renal damage, The damage is manifest
as 2 tubular proteinuria, the excessive accumulation of cadmium in the renal cortex
leading to & decreased reahsorption of proteins in the proximal repal tubules and an
ingreased excretion of low moleoular weight proteins in the urine. At a later stage
there may be glycosuria and amincaciduria, The appearance of the proteinuria is accom-—
panied by an ilncreagse in cadmium excretion in the urine and a decrease in the corticel
cadmium content, and ultimately in the bedy burden of cadmnium. Thus in cases with
severe renal damage cortical cadmium concentrations well below 1oo‘pg/g are found,
whereas in cases without proteinuria and no morphological kidpey changes, levels of
150-450 pg/ wet weight are recorded.
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2, Itai-itai disease (“ouch-ouch" disezse). In 1955 Japanese abservers described
among olderly women a previously unknewn disease characterized by lumbar pain with
my&lgia, spontaneous fractures, skeletal deformities, and tenderness of bones to external
pressure (3). Epidemiolopical studies showed high concentrations of cadmium and other
metals in water and food in the endemic region,

While it is clear that the cliniecal phenomena of itai-itai disease are not thosze
5¢én in recognized industrial poisoning, it has been sugpested that the disease iz a
manifestation of long-term cadmium exposure modified by old age, borderline nutritional
status, and the stresses of multiparity. The neuromuscular and skeletal signs similar
o those obrserved in itai-itai disesse had previously been described in a series of
French jindustrial workers roisoned by cadmium in 1942 (1), Other szimilar manifestations
in industrial cadmium workers have also been reported. Proteinuria is invariably
present in itai-itai disease, and glyeosuria and amincaciduria are alse common. Further-
mere, the incidence of proteinuria and Elycosuria was significantly higher among older
women and men in the endemic area than in an @guivalent control population, and the
urinary excretion of cadmium wes three times greater among the affected group. The
renal manifestations of cadmium-related discase in Japan are therefore chserved in both
sexes, while the musculoskeletal phenomena (itai-itai) appear to be confined to elderly
woman ., The role of cadmium as an etiologic agent of itai-itai disease remains uncertain.

"Tolerable intake"

The metabolic and toxicological effects of cadmium are difficult to assess in terms
of dose-responsc relationships and decisions must be regarded as provisional.

The Joint FAO/WHO Expert Committee on Food Additives recommended in 1972 a
Provisional Tolerable Weekly Intake of 400 to 500 pg per person,
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