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SOLUBILITY OF COLORED GLAZES IN ORGANIC ACIDS
By R. F. Geller and A. S. Creamer

ABSTRACT

The purpose of this study was to determine primarily which, if any, of the
glazes tested constituted a health hazard because of lead or other toxic oxides
which might be dissolved from them and, secondarily, to develop suitable test
procedures for future control work.

A conference of representatives of the U. S. Potters Association, the Food and
Drug Administration of the U. S. Department of Agriculture, and the National
Bureau of Standards was held, and a series of accelerated and simulative service
tests were outlined. These tests were made on specimens from six cooperating
manufacturers.

It was shown that the amount of lead extracted by pouring hot distilled vinegar
(5-percent acetic acid) or a 0.5-percent solution of citric acid into a cup and
leaving it to cool in contact with the glaze for 14 hour would be as much or more
than the lead normally extracted by jams and fruit juices. With the same or a
similar test procedure, a citric-acid solution of 10-percent strength may be required
to indicate how much lead might be taken up by lemonade or vinegar.

The results indicate also that glazes of only one color among those tested con-
stitutes a probable health hazard. However, two other glazes from one manu-
facturer were found to be marginal, and a third may cause trouble if indicated
corrective measures, such as a preliminary acid wash, should be neglected by the
manufacturer.
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I. INTRODUCTION

Accounts of the earliest investigations and regulations regarding
the toxicity of lead in ceramic glazes have been summarized by
Mellor ' and by Koenig.?

More recently, investigations in Massachusetts ® established that
water containing as little as 0.1 part per million of lead produced
symptoms of poisoning, and Jackson and Jackson * found that 1.7
parts per million of lead in cider gave acute symptoms of poisoning
to the consumers. Considerable helpful information on the contam-
ination of foods may be found in a report by G. W. Monier-Williams,*
and W. P. Mason ® stated that in the writer’s opinion, no water to be
mr, The durability of pottery frits, glazes, glasses, and enamels in service, Trans. Eng. Ceram-
Soc 84, 112 (1934-35).

1], H. Koenig, Lead frits and fritted glazes, Ohio State Eng. Exp. Sta. Bul. 95 (July 1937).

3 Wade anht C. O. Sappington, and Eleanor Rantoul, J. Ind. Hygiene 10, 234 (1928).

¢ M. C. N. Jackson ard L. N. Jackson, The Lancet, 223, 7 (1932).

8 Report on Public Health and Medical Subjects No. 29 of the Mlmstry of Health, London (1925).
¢ Examination of Water (J. Wiley & Sons, Inc., New York, N. Y.).
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used for drinking purposes should contain lead compounds in quan-
tity greater than what would correspond to 0.5 part per million of
metallic lead. Recently the U. S. Department of Agriculture estab-
lished the tolerance of 0.025 grain of lead per pound of food (equivalent
to about 3.57 parts of Pb per million parts of food), based upon
investigations made by the U. S. Public Health Service. There is
reason to believe, however, that a tolerance for “lead’” in solid foods
may be too lenient for application to lead ingested in solution as the
salt of an organic acid. Therefore, the tolerance of 0.5 part per
million in drinking water should not be lost sight of.

The present investigation was occasioned by a specific case of
nausea believed to have been caused by tea flavored with lemon juice
and drunk from a green cup, which came to the attention of the Food
and Drug Administration. The matter was referred to the National
Bureau of Standards, and a conference, attended by representatives
of the U. S. Potters Association, the Food and Drug Administration,
and the National Bureau of Standards, was held on May 21, 1938.
A series of tests, to be made in cooperation with six manufacturers,
was outlined, and the results of these tests are here reported.

II. PURPOSE

The purpose of the work was threefold: (a) to develop test pro-
cedures for the treatment of the ware and for the analysis of the dis-
solved materials; (b) to correlate the results of relatively rapid and
standardizable laboratory tests with those obtained under service
conditions; and (c¢) to determine if any of the representative glazes
submitted might constitute a health hazard.

III. MATERIALS AND METHODS

Bowls, fruit dishes, and cups were submitted by the 6 cooperating
companies, and usually 1 dozen specimens of each shape and color
were available. Four colors (tangerine, yellow, bright green, and
cobalt blue) were submitted by each manufacturer, but additional
colors and shades were submitted by some. The maximum number
from one concern was 20 colors.

A number of test methods were tried, but all except those given in
table 1 were discarded. The discarded methods included heating on
a steam bath or holding at “room temperature.” Both involve tem-
perature conditions difficult, if not impossible, to duplicate under
ordinary conditions. The symbol accompanying each test was
adopted for convenience in designating that test in the figures.

Unless otherwise designated in the table, the lead dissolved was
determined by extraction with diphenylthiocarbazone, called ‘‘the
dithizone method.”” In the case of fruit juices and jams it was nec-
essary to ignite and take up the residue in acid. Determination by
precipitation as the sulfide with H,S followed customary chemical
procedure. The amount of lead present was approximated by colori-
metric comparison with standards containing 0.5, 1, 2, 4, and 6 parts
of Pb per million parts of solution. If more than 6 parts per million
were present in the test solution, an aliquot portion was used.

7 The procedure used was essentially that in Method for determining lead im food, J. Assn. Official Agr.
Chem, 17, 123 (1931), separate copies no longer available,and in Method for determining lead in canned food,

J. Assn. Official Agr. Chem. 18, 315 (1935). Copies are obtainable from the Association (Box 540, Benjamin
Franklin Station, Washington, D. C.).
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TaABLE 1.—7Test methods

[Methods 1, 2, 10, 14, 15, and 16 are primarily for laboratory work; methods 3 to 9, inclusive, and 11 to 13,
inclusive, were designed to simulate conditions in service, i. ., home or restaurant use]

Test Test
num-| Symbol Method num- | Symbol Method
ber ber

A cup or fruit dish, into which
150 ml of boiling white vine-
gar_(about 5-percent acetic temperature 85°-5° F.
acid) had been poured, was Same as test 7, except that the
covered with a 3-liter beaker specimens were held 1 day at
to protect it from drafts. [ 10_... 122° F (50° C) and the lead
After 4 hour the vinegar was determined by H;3S pre-
was removed to a Pyrex cipitation.
flask and subjected to the Specimens containing cherry
H3S test for lead.= 1 RT jam were held at room tem-

{Same as test 1, except that lead iy gerature (80°410° F) for 60

ays.

Same as test 7, except that the
specimens were held at room

is determined by the dithi-
zone method.»

A cup containing 150 ml of 12
unsweetened pineapple juice e
was kept for 2 days in a room
maintained at 70° F.

Same as test 3, except that un- || 13.
sweetened grapefruit juice
was used.

k }Same as test 3, except that 0.5

ys.

Specimens containing straw-
berry jam were held at room
temperature (80°10° F) for
7 days.

Same as test 11, except that
strawberry jam was used.

Same as test 1, except that a
solution containing 0.5 per-

Yhr .. . cent of citric acid and 0.25

percent of gelatin was used.

Same as test 14, except that the

Yhr. ... solution contained 1 percent

"""" of citric acid.
10CAc {Same as test 2, except that a

percent of citric acid was ...

used to simulate lemonade.
}Same as test 3, except that

brown vinegar (4.4-percent |{ 15__..
acidity) was used.

Same as test 3, except that dis-
tilled vinegar (5-percent acid- ([ 16....

&N‘F’BF’“
=
1

solution containing 10 per-
ity) was used. cent of citric acid was used.
Same as test 7, except that the
specimens were held 2 days

in a refrigerator at 40° F.

= This test may give too high values for lead because other metals, such as copper, which may be present
also, are precipitated. The test was suggested to the industry for control and development work shortly
after the conference held in May 1938 and became known as the National Bureau of Standards Tentative
Test. It is described in the National Bureau of 8tandards Technical News Bulletin 255, July 1938.

» The dithizone extraction, followed by electrolysis, is a specific test for lead, except in the presence of
bismuth. The dithizone method was used in all of the tests except Nos. 1, 10, 14, and 15.

Comparison standards prepared with vinegar could be used for
about 2 hours at most. In this connection, 1t was found that both
test and comparison solutions prepared with acetic acid or citric acid
were not satisfactory. The nature of the precipitate imparted a
“smoky’”’ color to the solutions and made comparisons difficult or
impossible. The condition was corrected by diluting these acids with
a 0.25-percent solution of gelatin. Resultant test liquids and stand-
ards containing up to 6 parts of Pb per million parts, could be com-
pared satisfactorily. Furthermore, the standards remained constant
in color for as much as 2 days.

Copper was determined by ‘‘carbamate extraction”, using sodium
diethyldithiocarbamate, and the procedure followed by the U. S.
Bureau of Fisheries.® The values are believed to be significant to
0.1 part per million. The following method, giving results significant
to 1 part per million, also was used. A 150- t(T,portion of test solution
was evaporated to dryness, ignited, evaporated with HNOs, and
treated with 0.5 ml of NH,OH in a porcelain crucible. The shade of
blue obtained was compared with those of standards prepared in the
same way.

No test was developed for antimony, because it was evident from
results for the yellow glazes that a total of not more than 0.5 part of

$ E. J. Coulson, J. Assn. Official Agr. Chem, 20, 178 (1937).
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material per million parts of reagent was dissolved by the severest
tests.

Blank determinations for lead and for copper indicated that the
white vinegar used in the tests (table 1) contained 0.3 and 1.0 part per
million, respectively, and that the brown vinegar contained not more
than 0.1 part of lead per million parts of vinegar.

IV. RESULTS AND CONCLUSIONS

The results are presented in figures 1 to 7, inclusive, and some of
the values are plotted in several graphs to facilitate comparison and

4t Lo -

X

Results with Test No./

S
8
o r2f F] S -
"} 5
2 @
§ © i |
1 9l
NI 2t -
& ik
S 61 i
N VR
QL

s -
R
R .
N

2 —

L s s i A
Yy 8 5 6 7 / g
N 0¥ R
NS SN ST D9 (2 zar 2ds s 2dd zda
Ficure 1.—(Left) effect of lest 1 (see table 1) on glazes in 11 colors from 6 manu-

facturers; (right) effect of tests 3 to 7, inclusive, on glazes of relatively low solubility

according to test 1.
In this figure, as in the others, the letters 4, C, E, F, S, and T refer to the manufacturers of the ware tested.

correlation with the various factors involved. Each plot represents
the average of at least two determinations, unless otherwise stated.

Data obtained with test 1 on cups in various colors from the cooper-
ating manufacturers are presented in figure 1 (left). Values for some
intermediate shades of yellow, brown, blue, and gray (or ‘“white’’)
are omitted, but in no case did they exceed 0.5 part per million.
With the exception of one manufacturer’s maroon glaze, the only
specimens giving up more than 2 parts per million of Pb were the
tangerines (reds) and the greens.

Some of the dark blues and yellows showed solubilities equal to or
in excess of 1 part per million. These colors, together with the
maroon mentioned and a brown, were subjected to tests 3, 4, 5, 6,
and 7. The results are shown in figure 1 (right), and values from
test 1 are repeated for comparison.
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Creamer

The combined data of figure 1 show that: (a) glazes of high resistance
to solution under the conditions of test 1 (not over 1 part per million
of Pb) will also present very little, if any, hazard to health, even if
“lemonade’ (test 5) or distilled vinegar (test 7) is left in contact with
them for as much as 2 days; (b) with some colors (for example, dark
blue and maroon) contact with vinegar or a citric-acid solution of
lemonade strength for 2 days may be dangerously more severe than
the tentative test (No. 1) indicates; and (c) the limited time available
for this investigation should be concentrated on the tangerine and

green glazes. )
Accordingly, the specimens of tangerine and green glazes from
two concerns were subjected to the series of tests indicated in figure 2.
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FiGUrE 2.—Effect of accelerated test 2 and stmulated service tests 3 to 13, inclusive,
on tangerine and green glazes from two manufacturers.

The first five tests, when reading from left to right, show that their
use in the home with fruit juices and jams would be less severe than
in laboratory test 2,° while tests 6, 5, 7, and 9 (representing home
use with lemonade and with vinegar) would be more severe, and the
glazes, under these conditions, might be unsafe. For example, a
vinegar containing 25 parts of lead per million would have a httle
over 1 mg of lead in 1.5 fluid ounces. Correspondingly, an 8-ounce
tumbler of lemonade would have 6 mg of lead, and in the references
cited it was stated that ingesting 1 mg daily produced symptoms.
Tests 8, 7, 9, and 10 were made to show the effect of variation in
temperature. They show that vinegar may take up only 5 parts per
million during 2 days in a refrigerator but 25 parts in a room when the
climate is moderate, and over 50 parts in summer heat. Test 10

9 Test 2 results were plotted here, instead of test 1, to make the method of analysis common for all tests
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indicates what might be expected if such glazes were used, for example,
in warming ovens.

Based on the results described, tests 1, 2, 5, 7, and 16 were selected
as representative of both laboratory and service tests. Five tangerine
and six green glazes, subjected to these treatments, are represented by
the graphsin figure 3. Plotted in the general order of relative severity,
the values show first of all that this order is not the same for the two
colors, but that more lead is dissolved from green glazes by ‘“lemonade”
than is dissolved by white vinegar under the same conditions.
Figure 3 shows also, in the large majority of cases and test for test,
that the green glazes are more reluctant to give up lead than are the
tangerines. The indication of figure 2 that the tentative test (No. 1
or 2) may not be nearly as severe as “home conditions” (Nos. 5 and
7) is substantiated. Also, the substitution of a 0.5-percent citric-acid
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F1GURrE 3.—Effect of accelerated tests 1, 2, and 16 and service fests § and 7 on
tangerine glazes (left) and on green glazes (right) from four manufacturers.

solution for distilled 5-percent acetic-acid vinegar in tests 1 and 2
produces roughly comparable results with the tangerine glaze.

Two additional points of interest are brought out by the data in
figure 3 (right), namely, the effect of the stain on the solubility of a
base glaze and the effect of the glost temperature. The first is
illustrated by the graphs for a ‘“blue-green’’ and a *light-green”
glaze. The only known difference between these glazes is that the
latter contains only half of the identical stain used in the former.
Also, the clear, or “base glaze,” to which the stain had been added
gave up only 0.6 part per million of lead in test 5. The second point
1s illustrated by the plots identified as ‘“dark-cone 02 and ‘light-cone

5. Naturally, the compositions of the two base glazes, and probably

10 Citrie-acid solutions are more desirable than vinegar or acetic-acid solutions for laboratory work, because
solutions of known strength can be prepared and maintained more conveniently.
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also those of the stains, differed, but the results show that glazing at
the lower temperature need not materially lower the resistance to
solution.

The possibility of substituting citric-acid solution for vinegar was
investigated further, as shown by the information in figure 4. Because
of the shortage of cups, test results given in the larger graph were
obtained with fruit saucers. They show that differences obtained
with tests 1 and 14 are not significant.

Test 16 was then made on tangerine, maroon, and blue cups from
one manufacturer to determine the strength of citric acid required in
an accelerated test to dissolve glaze comparable to vinegar or lemonade
in contact with the glaze for 2 days at 70° I (test 7). The data are
plotted in figure 4 (right). Graphs 401, 4C2, and 4C5 are for three
tangerine cups from the fourth shlpment Cups 401 and 4C2 were
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F1GURE 4.—Relative results with lests 1, 14, and 15 (left) on nine glazes in five colors;
and (right) relative results with 10-percent citric-acid soluiion, test 16, and simu-
lated service tests 6§ and 7.

Test 16 was made twice on cups 4C1 and 4C¢, after havig% made test 7, and twice on the previously untested
cup, 4

subjected to test 7 and then twice to test 16. Cup 4C5 was subjected
twice to test 16. The indication is that a solution containing at least
10 percent of citric acid, when substituted for vinegar in the tentative
method in order to obtain values comparable with those of test 5 or
7, will give higher values for some colors (for example, dark blue) and
lower values for others (for example, maroon).

The values for individual cups given in figure 4 (right) lead to the
question—what variations were found among supposedly duplicate
cups? Typical examples are given in table 2. Results with tangerine
cups were especially erratic. One of the factors which may be re-
sponsible for this is difference in heat treatment. It was thought
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this could be illustrated by testing the glaze on the inside and on the
outside of several cups. The graphs in figure 5 (left) show that a
significant difference is to be found on the same cup, and therefore
differences between cups are not surprising.

Another factor to be considered in the testing of commercial ware
with a specified amount of reagent (in this case, 150 ml per cup) is
the variable surface exposed because of differences in design. Some
glazes were represented by the ‘“regular’”; or approximately hemi-
spherical cup, by a straight-sided cup having the shape of an inverted
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F1cUre 5.—(Left) relative solubility on inside and on outside of five cups from three
manufacturers; (right) effect of shape of specimen (and consequent variation in
surface exposed to the 150 ml of reagent) on results with the tentaiive test 1.

and truncated cone (frustum), and by fruit dishes. The tentative
test (No. 1) was conducted on each shape, using 150 ml of vinegar for
each shape. The results (fig. 5, richt) show that the greater surface
exposed by the fruit dish will usually give slightly higher values for
lead dissolved, but the differences introduced by the shapes tested
have little significance in the tentative test.

In addition to the above, three bowls in green glaze were subjected
to tests 1, 5, and 7, using 325 ml of reagent because the capacity of
the bowls was in the ratio of 325:150 to the capacity of comparable
cups. The results for cups and for bowls were as follows: Test 1
gave 7 and 8 parts of lead per million; test 5 gave 26.0 and 29.1
parts per million; and test 7 gave 24.5 and 19.0 parts per million,
respectively. This shows that similar shapes in various sizes will give
comparable results if proportionate amounts of reagent are used.
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TABLE 2.—Variations in solubility among different specimens of the same glaze

Tangerine Yellow Green Blue
Manufacturer anlxelsl)ter

Cu Lead ex- Cu Lead ex- Cu Lead ex Cu Lead ex-

P ltracted » P ltracted » P ltracted » P ltracteds

C18.... 12 (6]} s 1 (Bl 0. (I — 1.5

8C1 b 12 (OFf e 1 Ce__ ... <0.5 | C7___- 1.0

8O3 9 2C11 1 2C11___ >3 2C12._ . 1.0

3C6.._. 6 2012 .. 1 2C12. S | S | o

AT RORD e OO RORORORD b bk et
e
Q
<3
h
)
'

a Values are in parts of lead (Pb) per million parts of reagent.
® The number before the letter indicates the shipment; thus, 8C1 in this column means tangerine cup 1
of the third shipment from manufacturer C.

An appreciable difference had been found in the amount of lead
indicated by H,S precipitation, and by dithizone extraction, for some
green and also some tangerine glazes. The precipitation of tin
might account for the difference in the case of the tangerine glaze.
However, the difference was found with a glaze reported as containing
only Pb, Al;Oj; SiO;, and UO,—and uranium sulfide is not precipi-
tated in weak acid solutions according to textbooks on the subject.
This was checked by passing H;S through vinegar containing a known
amount of uranium. A slight discoloration was produced, much less
than that required to account for the differences actually found.
Since there is no reason to believe that the slight amounts of uranium
which might be ingested would be toxic, the matter was not investi-
gated further.

The case of nausea mentioned in section I, which followed the
drinking of tea from a new, green-colored cup may have been caused
by copper. It was readily demonstrated that the differences in
results for tests 1 and 2 could be explained by the precipitation of
CuS. The data given in figure 6 were obtained for four cups, and
also for four fruit dishes on each of which test 1 was conducted three
times, that is, the acid treatment of test 1 was used, and analytical
ipetbc(l)ds of tests 1 and 2 were made on aliquot portions of the same
iquid.

It is evident from figure 6 that the solubility of the green glaze on
the fruit dishes, so far as extraction of lead and copper are concerned,
had been decreased materially by the first acid treatment. This
interesting and important phenomenon was investigated further, and
the results are plotted in figure 7. Cups glazed in tangerine, from
four manufacturers, were subjected four times to test 1, and duplicate
sets were washed with hot water and soap between each test to remove
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REPEAT TESTS

Fiaure 7.—Results obtained by repeating test 1 on tangerine cups from four manu-
facturers (left) and on green cups from two manufactures.

One series of cups was permitted to dry in the air between tests, a duplicate series was washed with soap

and hot water.

same solution from the fourth test, for thres samples of tangerine glaze.
’I‘hg'inten’rlx‘%diate treatment with trisodium phosphate was made to simulate cleansing in a washing ma-

chine.
and from a separate shipment.

Also, the dithizone extraction for Pb (test 2) and the HsS precipitation was made, on the

e upper and lower pairs of values are on cups of slightly different color from manufacturer S,
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any film of colloidal silica which might have formed. Also, in three
cases, the dithizone extraction was made, after this fourth test, on an
aliquot portion of the same solution. The washing had no marked
effect on the solubility. The graphs (fig. 7, left) indicate also that
the susceptibility of the tangerine glazes to acid attack will increase
with continued use, but that this increase (by the H,S test) may not,
necessarily, mean a proportionate increase in the lead taken up by
the acid (dithizone extraction). As mentioned previously, the differ-
ence in the amount of dissolved lead, as determined by these two
methods, has not been accounted for.

Figure 7 (right) shows the results of four successive tests by method
1 on green glazes from two manufacturers, and again with and without
intermediate washing. The first acid treatment has reduced the
amount of “lead” extracted (H,S test) to not over 2 parts per million,
supporting the results given in figure 6. It will be recalled that test 1
is a comparatively mild treatment compared with tests 5 and 7.
Therefore, these two tests were repeated on two cups (Brand A). For
test 5 the lead extracted dropped from 26.0 to 6.5 parts per million;
for test 7, from 24.5 to 5.9 parts per million. It was further suggested
that a treatment in an alkaline bath, such as ware is subjected to in
commercial washing machines, might break down the glaze sufficiently
to counteract the effect of the acid wash. Repeat tests were made on
cups with an intermediate treatment in 2-percent trisodium phosphate
solution at 50° C for 1 hour. The results (fig. 7, right) show that the
alkali had little, if any, effect.

V. DISCUSSION

This discussion deals primarily with the extent to which the results
obtained have met the purpose of the work as outlined in section II.

The “‘tentative test’”” (No. 1, table 1) appears to be satisfactory with
regard to possibility of duplication in different laboratories, as illus-
trated by the following:

Case 1.—A sample of cups tested at the National Bureau of Stand-
ards lost 3+, 3—, 2.5, and 2.5 parts of Pb per million parts of reagent,
respectively. Cups in a duplicate sample submitted to another lab-
oratory were reported as losing between 2.5 to 3 parts.

Case 2.—Average values obtained at the Bureau for four glazes from
one manufacturer were: Tangerine 4, green 14, yellow <0.5, and
blue <0.5. Values obtained by the manufacturer in the plant
laboratory were: >3, >1, <0.8, and <0.8, respectively.

That determinations on individual specimens of a sample differ may
reasonably be explained by actual differences in the glazes, as shown
by the data in figure 5 (left) and by similar differences obtained with
the other test methods.

Correlation of results obtained with laboratory tests (Nos. 1, 2, 14,
and 15) and those designed to represent conditions in home use (Nos.
3 to 13, incl.) show that the former group of tests adequately deter-
mine the lead which might be taken up by fruit juices and jams.
They do not, however, give a satisfactory measure of the lead which
might be found in weak acid solutions, such as vinegar or lemonade,
after 2 days of contact at ordinary temperatures (tests 5 and 7); test
16 was more severe for some colors and less so for others.
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The proposed ‘“‘solubility limit” in the ‘“tentative test’’ of not over
2 parts of Pb per million parts of reagent should be considered as
purely arbitrary until a decision on the matter is made by the proper
State or Federal agencies. It is believed desirable, also, to substitute
a solution containing 0.5 percent of citric acid and 0.25 percent of gela-
tin for the white, distilled vinegar (nominally 5-percent acetic acid)
at present specified for the tentative test.

The H,S test for lead and the ammonia test for copper are believed
to give values accurate within 4-0.5 part per million for solutions con-
taining not over 6 parts. The H,S will precipitate also, in weakly
acidic solutions, any copper, antimony, or tin which may be present,
and this fact must, of course, be taken into consideration when
evaluating results. For example, figure 6 shows that the precipitate
obtained after the second and third treatments of a typical green
glaze was almost entirely copper sulfide.

Whether one glaze will constitute a health hazard and another will
not is still a moot question. Nevertheless, it may be said of the
typical glazes covered in this investigation that, with one and possibly
three exceptions, they very probably will not, provided the manufac-
turer exercises a modicum of care in their preparation. The first ex-
ception is the tangerine glaze from which organic acids extract quan-
tities of lead detrimental to health, as judged by the best available
medical records. Furthermore, this condition does not improve with
continued use and may actually be aggravated. The two possible
exceptions are the dark blue and the maroon, for which values are
shown in figure 1. Whether or not these glazes will improve with
repeated use was not determined.

Although a green glaze precipitated this study, the results of the
investigation indicate that its use is not dangerous under certain
conditions. There is reason to believe that the lead and copper dis-
solved by weak acids from many green glazes as they come from the
kiln are a health hazard. Fortunately, this high solubility appears to
be a surface condition. The results in figure 6 (which were, inci-
dentally, obtained with the least resistant of the green glazes “in pro-
duction””) show that a preliminary acid wash will reduce the lead
absorbed during test 1 to a few tenths of 1 part per million and,
probably, to not over 6 parts per million during the severe conditions
of tests 5 and 7. This does not seem to warrant much concern, but it
would seem preferable to use copper-free stains for the green glazes.
These glazes do constitute a potential danger, and every precaution
should be exercised to assure their harmlessness to the user.

The authors acknowledge the assistance of the U. S. Potters Asso-
ciation and the six cooperating companies for material furnished and
for information regarding their manufacture, and to W. B. White of
the Food and Drug Administration and R. R. Sayers of the U. S.
Public Health Service for helpful suggestions.

WasHINGTON, January 20, 1939.
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