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1 The water supply in Ayr (Scotland, UK) was plumbosolvent and many
dwellings in Ayr contained lead pipes. In 1981 treatment of the water supply
to reduce its plumbosolvency was initiated. Measurements of water and
blood lead concentrations were made before and subsequent to the treatment.
Most of the measurements made before and after water treatment began
were made on water samples from the same dwellings and blood samples
from the same women.
2 Water treatment produced a sharp fall in water lead concentrations and
a decrease in the median blood lead concentration from 21 to 13 &mu;g/100
ml.
3 Two women had higher than expected blood lead concentrations, both
these women had been removing old paint.
4 Women who had lead pipes removed from their dwellings all showed
substantial decreases in their blood lead concentrations.
5 The curvilinearity of the relation between blood lead and water lead
concentrations is confirmed. Even relatively low (<40 &mu;g/l) water lead
concentrations may make a substantial contribution to blood lead concen-
trations.

Introduction

In December 1980 high concentrations of lead were found in tap water collected
from certain dwellings in Ayr (Scotland, UK) with lead plumbing. A study was
made of the effect this had on dietary intakes of lead and on blood lead
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concentrations in infants and in women having children less than 5 years of age.
The results of that study were reported in this journal (Sherlock et al., 1982). In
April 1981, shortly after completion of the field work for the study, the pH of the
water supply was increased from pH 4.5 - 5.5 to about pH 8.5 by the addition of
lime. In view of the high water and blood lead concentrations found previously
it was considered that it would be useful to know whether the water treatment
had been effective in reducing the concentrations of lead in both water and in the
blood of people studied in 1980-1981. Earlier work (Richards et al., 1980; Moore
et al., 1981) had indicated that beneficial effects might be expected. Consequently
the study described in the present paper was undertaken during December 1982-
March 1983.

Methods

Selection of participants
It was considered that the most effective way of determining the effect of water
treatment on water lead and blood lead concentrations would be to re-examine
the 114 women from the 1980-1981 study. By doing this the effects of other
confounding influences on blood lead and water lead concentrations would be less
than if a new study population had been selected. Unfortunately some of the
women from the 1980-1981 study were lost to follow up, others had either moved
house or had lead pipes removed from their dwellings.
An important objective of the 1980 - 1981 study was to determine the dose -

response relation between lead in water and in blood. The indication from the

study was that the relation between blood lead and water lead concentrations was
curvilinear, such that each successive decrease in water lead concentration would
produce a successively larger decrease in blood lead concentration. Thus a decrease
in water lead concentration from 20 to 10 ug/1 would produce a larger decrease
in blood lead concentration than a decrease in water lead concentration from 50
to 40 gg/l. Few (about 10%) of the women studied in 1980-1981 lived in
dwellings where the water lead concentrations were < 10 ug/1, consequently there
was a need for more information about blood lead concentrations in women living
in dwellings with low water lead concentrations. Therefore additional women
whose dwellings were known never to have been fitted with lead pipes or tanks
were recruited for the present study; the recruitment was qualified by inviting
participation only from women who had children less than 5 years of age as was
done for the 1980 - 1981 study.
The results of the recruitment for the present study are shown in Table 1.

Sampling methods

Blood samples were taken by venepuncture between January and mid-March 1983,
that is the same time of the year in which the blood samples were taken in the
1980-1981 study. In December 1982 samples of kettle water (WK) were taken
from each participating household by engineers from Strathclyde Regional Council
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Table 1 Recruitment of women for the study, and water and blood samples provided by them

Water Department; similar samples had been taken in December 1980 during the
previous study. Composite samples of kettle water (WC) were provided by
participants during December 1982. Each participant was provided with an acid-
washed polyethylene plastic bottle having five graduations on it at 200 ml intervals.
During one week on five separate days at random times the participant poured
200 ml of water from the kettle into the plastic bottle.

Analytical methodology
The methodology for the analysis of blood and water has been reported in detail
elsewhere (Delves, 1970; Department of the Environment, 1982) and will not be
described here. Comparability of the blood lead data for both of the surveys at
Ayr was ensured by having all blood lead analyses duplicated in two independent
laboratories. One of these was the laboratory at Glasgow (Western Infirmary;
Scotland, UK) and the other was a Supra-regional Assay Service Laboratory in
England, UK. In view of the possible important effect of low lead in water
concentrations on blood lead concentrations, special efforts were made to estimate
water lead concentrations when they were < 10 ~g/1.

Results

Water lead concentrations

Table 2 presents the lead in water (WK) results for the 1980 - 1981 study and the
present study for participants who had not moved house and had not had lead
pipes removed. Thus changes in water lead concentrations reflect the effect of
water treatment (apart from random fluctuations). The results demonstrate that
there had been a large decrease in water lead. The 26 dwellings with water lead
concentrations > 300 gg/l in the 1980 - 1981 study had values which were all
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Table 2 Effect of water treatment on water lead concentrations. Comparison of kettle water lead
(WK) concentrations in December 1980 and December 1982 (for women who did not move house
and who did not have lead pipes removed)

TT T. r I 1 / m 1

< 300 ag/1. Only seven households have water lead concentrations > 100 ~g/1.
One dwelling showed a marked increase in water lead concentration (from 20 to
100 p.g/1); it is not known why this happened.

Blood lead concentrations

Table 3 presents the lead in blood results for the 1980 - 1981 study and compares
them with the results from the present study for the same participants as described
in the previous section. There was a general fall in blood lead concentrations: the
median value in 1980-1981 was 21 Jlg/I00 ml and in the present study it was
13 pg/ 100 ml. In 1980 - 1981 six of the 63 women had blood lead concentrations
> 35 ygfdl, these blood lead concentrations have all fallen to < 25 Jlg/I00 ml.
One woman’s blood lead concentrations rose from 8 to 24.5ag/100 ml, yet
the water lead concentration in her dwelling had fallen from 40 to < 10 u~g/1.
She had been extensively redecorating her house for some time,this included the
burning off of interior paintwork which analysis showed to contain about 8% (w/w)
lead. The changes in blood lead concentrations for individual women are shown in
Figure 1. In only a few instances was there no fall in blood lead concentration.

Effect of lead pipe removal on water lead concentrations

Table 4 presents the results for water lead concentrations (WK) in those houses
where at least some lead pipes had been removed. There had been a dramatic fall
in water lead concentrations, with only two of the 18 dwellings having water lead
concentrations of 100 p,g/1 or more, compared with the sixteen observed in the
1980 - 1981 study. In one dwelling the water lead concentration remained > 300

pg/1 but the participants’ blood lead concentration fell from 15 to 8 ~g/ 100 ml.
The composite sample (WC) from this dwelling contained only 60 p.g/1 of lead.
Further investigation revealed that the dwelling contained a lead hot-water tank
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Table 3 Effect of water treatment on blood lead concentrations. Comparison of blood lead
concentrations in 1981 and 1983 (for women who did not move house and who did not have lead
pipes removed)

Figure 1 Blood lead concentration 1983 vs 1980 for women who have not moved house. 0, Women
who have not removed lead pipes; 0, women who have removed lead pipes

connected to the kitchen tap with lead pipes. It was considered likely that, on
occasion, the kettle may have been filled from the hot tap. Detailed investigations
made by the Water Department found that water from the cold tap contained
< 10 ug/1, this was based on the analyses of a random sample and a sample
allowed to stagnate in the supply pipe for 30 min. It is noteworthy here that a
woman who moved house between the two surveys had a blood lead concentration
of 31 Jlg/I00 ml in 1980 - 1981 and 29 pg/ 100 ml in the present study: the water
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Table 4 Effect of lead pipe removal. Comparison of kettle water lead (WK) concentrations in
December 1980 and December 1982 (for women who did not move house but did have lead pipes
removed)

.., 11’ ..-.....- / ,.,

lead (WK) concentrations in her dwellings were 160 ug/1 ( 1980 - 1981 ) and 70
~g/1 respectively. This finding was surprising and further investigations were
made. It was found that the woman had, for the 8 months before the blood sample
was taken in March 1983, been redecorating her ’new’ house and this work
included the extensive removal of old paint with sandpaper.

Effect of lead pipe removal on blood lead concentrations

Only two women who had lead pipes removed from their dwellings had blood
leads > 20 Jlg/I00 ml (of these one dwelling still retained some lead pipe work).
The 1980 - 1981 water lead (WK) concentration for the other woman’s dwelling
was 1870 ~,g/1 and the concentration in the present study was < 10 u.g/1. It may
be that this woman’s blood lead concentration,which in 1980 - 1981 was 61 pg/
100 ml, had not yet reached equilibrium and was still falling. (Figure 1 shows the

changes in blood lead concentrations for individual women.) The women who had
lead pipes removed from their dwellings all showed dramatic falls in blood lead
concentrations. Their median blood lead concentration in 1980 - 1981 was 26 gg/
100 ml and by the present study it had fallen to 13 yg/100 ml.

Relation between blood lead and water lead concentrations

In the present study there were 116 women for whom blood lead and water lead
data were available; this includes the women newly recruited to the study. By
using all the data, regardless of whether the women had moved house or had lead
pipes removed, linear equations were fitted to the data. The intercept of these
equations, namely 11 [tg/100 ml, was higher than observed for the women with
low (~ 10 ~,g/1) lead concentrations in their tap water and the R2 values were
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rather low (0.15 and 0.18). Cube root regression equations fitted to the data are
as follows:

Blood lead (llg/l00 ml) = 7.2 + 1.94 3. J PbWK (~.g/1) R2 = 0.30 (1)
Blood lead (llg/l00 ml) = 7.7 + 1.79 3 V PbWC (~.g/1) R2 = 0.33 (2)

The cube root regression that best fitted the results from the 1980-1981 Ayr
study was: 

. 

..

Blood lead (~g/ 100 ml) = 4.7 + 2.78 3V PbWK (~.g/1) R2 = 0.56 (3)

As before the cube root regression (equations 1, 2) fitted the data better than the
linear regression. There are two major differences between the equations (l, 2)
from the present study and that (3) from the 1980-1981 study, these are that the
intercepts are higher 7.2-7.7 Ilg/l00 ml vs 4.7 ~g/ 100 ml, and that the R2 values
are lower 0.30 - 0.33 vs 0.56. This latter finding is because the ‘x’ variable (PbWK)
has a much smaller range, not because the association is weaker.
Combination of the data from the 1980 -1981 study with those from the present

study obviously yields a much larger data base. The cube root equation fitted to
these data is:

Blood lead (gg/100ml) = 5.6 + 2.62 3.J PbWK (~,g/1) R2 = 0.65 (4)
SE of intercept = 0.73, P < 0.0001
SE of slope = 0.13, P < 0.0001 1 . 

’ 
’

The R2 value is impressive. This is because most of the women were common to
both studies and consequently variations in blood lead concentrations caused by
sources other than water are less than they would have been for two different
random samples. Other parabolic equations (for example a square root equation)
did not fit the data any better than the cube root equation.

Discussion .

Figure 2 presents the combined results from the two studies at Ayr with the data
averaged in groups determined by water lead concentrations. The curve drawn on
the Figure corresponds to equation 4. There can be little doubt that the relation
between blood lead and water lead concentrations is curvilinear. This confirms
the findings from earlier work (Moore et al., 1979; Department of the Environment,
1982; Sherlock et al., 1982). In particular, the implication from the cube root
equation is that successive decreases in water lead concentrations will yield
progressively larger decreases in blood lead concentrations, and that even relatively
low concentrations of lead in water will have a marked effect on the concentration
of lead in blood. These facts are simply illustrated by considering the blood lead
concentrations in women having low concentrations of lead in their tap water
(WC), the relevant data are presented in Table 5. It follows that to obtain low
blood lead concentrations one requirement is to eliminate the exposure to lead
from drinking water.
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Figure 2 Blood lead concentrations determined by water lead (data for 1980 and 1983 combined).
40, Mean; - - -, 95% confidence interval. Fitted curve superimposed blood lead (pg/100 ml) =
5.6 + 2.62 3 J water lead (pg/100 ml)

Table 5 Blood lead concentrations in women consuming water containing low levels of lead

a Standard error is given in parentheses
b The analyst estimated that all water lead concentrations quoted as < 10 pg/1 were in fact
~ 5 pg/I with the majority at 0 and 1 pg/I

The data presented in the present paper confirm that water treatment to raise
its pH and thus reduce its plumbosolvency reduces the concentration of lead in
both tap water and in the blood of women drinking the water. The effect
demonstrated in this paper is clear cut because there was so much room for

improvement in Ayr. The removal of lead pipes is, of course, also an effective
measure for reducing the concentration of lead in tap water and in blood.
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In the 1980 - 1981 study it was found (Sherlock et al., 1982) that the womens’
blood lead concentrations did not comply with the requirements laid down in the
European Economic Community Directive on the biological screening of the
population for lead (Council of the European Communitites, 1977). The blood
lead concentrations found in the present study for the women who took part in
both studies are now well within the requirements of the Directive. Recent work
(Zarembski et al., 1983) carried out in Dundee (Scotland, UK) where there are
fewer dwellings with lead pipes and where since 1972 the water has been treated
to reduce its plumbosolvency has found that mothers of newborn children had a
geometric mean blood lead concentration of 6 ygfdl. The highest blood lead
concentration found in the 1665 mothers examined was 21.2 ygf100 ml. The
mothers, after about 40 weeks of pregnancy, were in a state of haemodilution.
The postnatal adjustment to normal plasma volume would probably result in an
increase of about 2 ug/100 ml or more in their blood lead concentrations. This
adjustment would yield an average blood lead concentration of about 8 ug/100
ml which is very similar to that in those women in the present study whose tap
water contained < 10 yg of lead/I. It has been suggested (Elwood et al., 1983)
that hardening water supplies may reduce the gastrointestinal absorption of lead.
The calcium concentration in the water supply at Ayr was 3 mg/1 before water
treatment began and 6 mg/1 after. Absorption of lead from water is only slightly
reduced by the addition of 200 mg of calcium/1 (as the carbonate) to water
(Heard & Chamberlain, 1982). Normal dietary intakes of calcium are about 950
mg/day (Ministry of Agriculture, Fisheries and Food, 1983). In view of these facts
it is most unlikely that the addition of calcium salts to the potable water supply
in Ayr reduced the participants’ blood lead concentrations by virtue of increasing
their calcium intakes. All the evidence indicates that the fall in blood lead
concentrations was a direct consequence of lower lead concentration in the tap
water.

Two women in the present study had higher blood concentrations than would
be expected on the basis of the lead concentration in their drinking water. Both
these women had spent a considerable time removing old leaded paint from their
houses. Both the women were housewives and therefore would be unlikely to be
exposed to other (unknown) sources of lead. It is not possible to be absolutely
certain about the causes of the elevated blood lead concentrations in these two
women but it does seem likely that removing leaded paint was a major one. This
finding and those in more extensive work published elsewhere (Chisholm, 1983;
Inskip & Atterbury, 1983) reinforces advice (Scottish Health Education Group,
1983) about precautions to be taken when removing lead paint.

The authors thank the Ministry of Agriculture, Fisheries and Food, the Scottish Home and Health
Department, the Strathclyde Regional Council Water Department and the Department of the
Environment for permission to publish this paper. Thanks are due to the Ayrshire and Arran Health
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