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Discussion

PROFESSOR D. BRYCE-SMITH: HOW great was the range
of individual variability in Dr Chamberlain's study? In
previous work using radioactive tracers to measure
inhalation and ingestion absorption rates, considerable
individual variability was found to exist. How representa-
tive this figure of 40% is in his opinion for exposure of
the general population. Would it be the same in children
as in adults, for example, or in smokers as in non-
smokers?
DR A. C. CHAMBERLAIN: There is a wide variation,

particularly in the immediate retention in the lung. Our
experiments showed anything between 20 and 80%,
although again a word ofcaution because our two methods
of estimating this do not always agree perfectly. As
regards children, I cannot say anything at all. The 40%
average retention is rather a high figure compared with
the results of Davies and Muir with aerosols of very
approximately the same size. Now this might be because
ofsome chemical effect or hydroscopic effect of the aerosol
but we do not know. I would not really like to quote this
40% without a very considerable range of possible varia-
tion.
As regards smokers and non-smokers, none of our

volunteers smokes, but this is something which could be
looked into in the future.

Although there is this wide range of variation on this
40% immediate retention, the percentage of that appear-
ing in the blood does seem to be rather more repro-
ducible.
DR M. K. WILLIAMS: I was very interested in your

body half-life of 15 days. Roach, using Kehoe's data,
calculated a half-life in terms of months.
DR CHAMBERLAIN: It is not strictly a body half-life of

15 days, I think it is blood half-life. We were surprised
that it was as short as that though I think the chromium-
51 data do confirm this to some extent in suggesting a
half-life of about 35 days, which again I believe is a
great deal shorter than most estimates for red cells. I
believe that other people are working with lead-203 in
human subjects and there may be some more data of this
sort available.
CHAIRMAN: We have done some double-labelling

experiments with chromium-51 and lead-203-labelled
rabbit erythrocytes. Whereas the chromium gave a very
slow elution over several weeks, the half-life for lead
under those experimental conditions was something of
the order of 2-5 days. There is certainly a wide discrepancy
between the half-lives of these two elements in erythro-
cytes in vivo.
DR CHAMBERLAIN: Hursh has found a half-life of

about 5 days in vivo in dogs, and in mice or rats consider-
ably less than that.
DR J. QUARTERMAN: We have been doing very similar

experiments to those of Dr Khoo and our results have
confirmed her excellent experiments in most ways. There

are one or two important differences. Firstly, we have
found no effect of a low protein diet on lead retention
but our expriements were conducted differently. Her
experiments were short-term and the rats had not time,
I believe, to adapt to a low protein diet. Our experiments
were conducted over periods of 3-6 weeks, so there would
be quite a different equilibrium in the rats' metabolism
which may account for the differences in the results.
As regards Kostial's data on milk: she got startling

increases in lead retention with milk which, of course,
is a very important observation for a paediatrician. We
have just finished an experiment in which we have used
dried milk and we saw no effect on lead uptake. Now
again she has used short-term treatment with milk and
an isotope of lead, with retention after 1 day or 2 days,
whereas our experiments were over 3 weeks or 6 weeks.
So there may be a situation similar to the 'low protein'
one.

Thirdly, we have just completed an experiment using
vitamin D-deficient rats, treated with vitamin D and
cycloheximide, which we think provides evidence that
lead is transported by calcium-binding protein. The
effect of dietary minerals on lead retention is-probably
due to changes in calcium-binding protein concentration.

Finally, there is one mineral that she has not looked at
which we find has a very powerful interaction. We gave
two groups of sheep a diet with 400 p.p.m. of lead but
differences in the level of dietary sulphate. On the low
sulphate diet the sheep were dying of lead poisoning, in
particular of kidney failure. There was also severe testi-
cular atrophy and the epididymes were black.

Miss H. E. KHOO: Kostial found a high absoprtion in
rats that were fed milk but the effect could have been
manifested because of the high fat content of milk. As
my results showed, a high fat diet does increase lead
absorption very substantially.
CHAIRMAN: These observations obviously call into

question the use of milk as a prophylactic for lead
absorption. The results of a short-term study designed
to look at effects at the gut level are likely to be different
from those from long-term exposures. For example,
Six and Goyer showed the influence of dietary iron over
long periods whereas in short-term studies we found no
effect at all.

PARTICIPANT: What relative age were the rats?
Miss KHOO: The rats used were aged 30-32 days, and

weighed 100-110 g. These were conditions standardized
by Mrs Meek in preliminary studies.
CHAIRMAN: In other words, 10 days after weaning.
DR A. BERLIN: Could one conclude from your studies,

for example in the case of ingestion of lead, let us say in
the absence of food, this would lead to an increase in
retention since none of the possible factors leading to
reduced absorption would be present. In other words, in
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the case of simple accidental ingestion of paint, would the
absorption be much greater because there would not be
any of the factors which would eliminate it?
CHAIRMAN: The accidental ingestion of paint is a very

nice point. There are extraneous materials present in
paint and the other sources of lead so that unless one
considers the very pure situation of, say, metallic lead,
in the absence of diet, the problem is complex.
DR CHAMBERLAIN: I notice in Dr Strehlow's paper that

the difference in the blood leads between the lowest and
highest soil lead groups was about 1 : 1-4, whereas the
differences in the hair leads was about a factor of 3.
DR C. D. STREHLOW: There was no real correlation

between blood lead content and hair lead content apart
from a general trend. This has been observed in other
studies, where attempts have been made to use hair lead
as an indication of exposure. The hair, of course, can
also suffer from external contamination and there are
great differences between the techniques used by various
workers as to how the hair is to be treated before analysis.
In this case it is more of an indication of a general trend
rather than an exact representation of a particular degree
of lead exposure.
DR CHAMBERLAIN: I just wanted to add that hair lead

might be actually more closely connected with current
intake.
DR STREHLOW: The reason for using hair lead content

is that blood lead may represent only relatively recent

exposure. In this case we used the inch proximal to the
scalp, representing hair growth over the previous 2
months. This might give an indication of a longer term of
lead exposure than an individual blood sample.

PARTICIPANT: I am very interested in Mrs Meek's
paper because we do need guidance or at least some
ratios even if we do not have multiple standards. The
same sort of work requires to be done with inhaled com-
pounds as well as ingestion. One point about toxicity,
was this a factor of time in that the experiments were too
short to show the toxic effects? Might there have been
greater toxicity from lead carbonate if the experiments
were of longer duration?
MRS F. MEEK: We were not primarily concerned with

toxicity, but in fact we did not find any toxic effects at all.
We were mainly looking at the levels of tissue lead as an
index of the relative absorption of each compound. That
is why they were short-term studies, so that there were
no other factors brought into play except the absorption
of the compound of lead across the gut wall.

PARTICIPANT: I would like to ask if you have any
information on the effect of the particular combination of
lead on the rates of skin absorption? Maybe for example,
lead stearate is absorbed more readily than lead acetate?
MRS MEEK: Lead stearate is one of the lead compounds

which is currently being investigated in gut absorption
but we do not have any information on absorption
through the skin. by copyright.
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