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Correlation between some parameters of lead
absorption and lead intoxication
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Waldron, H. A. (1971). Brit. J. industr. Med., 28, 195-199. Correlation between some par-
ameters of lead absorption and lead intoxication. Use has been made of data collected over
a number of years from workers exposed to a lead hazard in a motor-car factory. The
correlations between various parameters of lead absorption and lead intoxication were
computed, including blood and urine lead concentrations, urinary coproporphyrin, ALA
and PBG concentrations, and haemoglobin concentration. In all, 15 correlation coefficients
were calculated, of which only six showed a statistically significant result (i.e., P < 0 05).
These six were blood lead and urine lead (r = 0-38, P < 0 001), urine lead and copropor-
phyrin (r = 0-42, P < 0-001), urine lead andALA (r = 0 43, P < 0-001), coproporphyrin and
ALA (r = 0 75, P < 0 001), ALA and PBG (r = 0-49, P < 0 001), and urine lead and PBG
(r = 019, P < 0-05).

The laboratory tests which are used in the control of
an industrial lead hazard fall into one of two cat-
egories, those which measure lead absorption and
those which give an index of lead intoxication. The
former group includes blood and urine lead deter-
minations and the latter, determination of the level
of excretion of 8-aminolevulinic acid (ALA) or
coproporphyrin in the urine, or haemoglobin estima-
tions.

Several studies have been made correlating the
different tests with each other (Bashour, 1954;
Brooks, 1951; Cramer and Selander, 1965; de
Bruin and Hoolboom, 1967; Gibson, Mackenzie,
and Goldberg, 1968; Haeger-Aronsen, 1960; Meek,
Mooney, and Harrold, 1948; Selander and Cramer,
1970; Selander, Cramer and Halberg, 1966;
Singerman, 1964) or with the degree of exposure to
which the individual workman is subjected (Williams,
King, and Walford, 1969). As the results from these
studies have not always been in agreement, data
obtained over a number of years from workers
exposed to lead in a motor-car factory have been
analysed and correlated and the results are discussed
in relation to earlier findings.

Definition of terms

The terms 'lead absorption' and 'lead intoxication'
are not always used consistently and it is possible
that one author will use the term 'lead absorption' to
refer to the condition which another would describe
as lead intoxication. A third author may use the
term 'lead poisoning' to describe either lead absorp-
tion or intoxication, or both. There is little doubt
that this inconsistency of usage leads to confusion in
the literature and so it was thought appropriate to
define the terms as used here. The definitions given
are closely modelled on those originally proposed
by Belknap (1949) and Zielhuis (1961).

Lead absorption
This refers to the uptake of lead by the subject from
his environment by any route. Absorption may, or
may not, be sufficient to give rise to lead intoxication.

Lead intoxication
This may be either pharmacological or clinical.

Pharmacological intoxication may be said to be
present when there is evidence that absorbed lead is
interfering with some metabolic process in the body.
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Most often this will show as an interference with
haem synthesis and will be detected by the excessive
excretion of haem precursors in the urine. There are
no clinical symptoms at this stage.

Clinical intoxication occurs when the patient is
aware of symptoms or the clinician can detect
objective signs of disease.
The term 'lead poisoning' is not used in this paper

but by definition it is considered to be equivalent to
clinical lead intoxication.

Materials and methods
Use has been made of the results of analyses performed
over a number of years on lead workers employed in a
motor-car factory. The men were employed on different
jobs in the lead-working area and so it is reasonable to
suppose that the degree of exposure was not constant for
the group as a whole. No measurements were made of
individual exposure although routine lead-in-air tests
were performed at monthly intervals throughout the
entire period. These showed that the atmospheric lead
content was never higher than 80 Lg/m3 or less than
45 ,tg/m3.
The tests performed included blood and urine lead

estimations, haemoglobin estimation, urinary copro-
porphyrin (semiquantitative and quantitative), ALA,
and porphobilinogen (PBG) estimations. Not all these
tests were made on each worker so that there is some
disparity between the total number of observations (n),
as shown in the Table. No worker is included more than
once in each group so that n represents both the total
number of individuals as well as the total number of
observations. All the methods used have been described
elsewhere (de Kretser and Waldron, 1963).

All the urine analyses were made on spot samples. No
correction factors were applied but samples with a
specific gravity of less than 1010 were discarded. The use
of spot samples for urine analysis and the various
correction factors suggested to correct results from spot
samples have been fully discussed by other workers
(Ellis, 1966; Molyneux, 1964; Williams et al. 1969) and
will not be pursued here. The evidence suggests, however,
that the errors arising from the use of spot samples are
not significantly greater than when 24-hour urine
specimens are used, and that none of the correction
factors is completely satisfactory.

Results

Correlation coefficients (r) were computed between
all the available parameters and the results are shown
in the Table. Where r had a statistically significant
value (P < 0 05) regression equations were com-
puted and graphs were drawn from these equations
(Figs. 1 to 6).

Significant correlations were found in six instances,
that is, between blood and urine lead; urine lead and
ALA, PBG, and quantitative coproporphyrin; ALA
and quantitative coproporphyrin; and ALA and
PBG. Of these six, the correlation between urine

TABLE
CORRELATION COEFFICIENTS FOR VARIOUS
PARAMETERS OF LEAD ABSORPTION AND LEAD

INTOXICATION

Test r n P

Blood lead v urine lead.. .. 0-38 554 <0 001
Blood lead v Hb.. .... -0-03 554 NS
Blood lead v Copro (semi) .. 0-02 554 NS
Urine lead v Hb.. .... -007 554 NS
Urine lead v Copro (semi) 0-02 554 NS
Urine lead v Copro (quant) 0-42 85 <0 001
Urine lead v ALA .. 043 132 <0 001
Urine lead v PBG .. 0-19 125 <0 05
Hb v Copro (quant) .. .. -0-01 85 NS
HbvALA .. .. .. -0-18 137 NS
HbvPBG .. -0-12 137 NS
Copro (quant) v ALA .. .. 075 85 <0 001
Copro (quant) v PBG 0 07 78 NS
Copro (semi) v Hb -0 07 554 NS
ALA v PBG .. 049 145 <0 001

Copro = coproporphyrin.

lead and PBG was less significant (as shown by the
value for P) than the other five.

In addition to the correlations shown in the Table,
the correlations between each of the parameters
measured and the length of exposure to lead were
computed. The length of exposure was obtained from
each individual's record card and expressed to the
nearest calendar month. None of these correlations
was significant.
For completeness, the value for r between the

semiquantitative and quantitative coproporphyrin
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FIG. 1. Regression lines: blood lead on urine lead;
urine lead on blood lead.
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FIG. 2. Regression lines: coproporphyrin on urine lead;
urine lead on coproporphyrin.

FIG. 4. Regression lines:
lead on ALA.

ALA on urine lead; urine

estimations was computed. This gave r = 0-82,
n = 93, and P < 0 001.

Discussion
Relationship between tests of absorption
The correlation between blood lead and urine lead
values was found to be statistically significant in this
study, confirming results previously reported by
Selander and Cramer (1970). Selander et al. (1966),
and Williams et al. (1969).

Relationship between tests indicating intoxication
The results presented here show that of the tests used
to indicate pharmacological intoxication, ALA and
PBG, and ALA and coproporphyrin correlated
significantly with each other, confirming the general
experience of other workers (Bashour, 1954;
Haeger-Aronsen, 1960; Cramer and Selander, 1965;
de Bruin and Hoolboom, 1967; Gibson et al., 1968;
Williams et al., 1969). On the other hand, PBG and
coproporphyrin did not correlate significantly, nor
were any of the correlations between haemoglobin
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FIG. 3. Regression lines: urine lead on PBG; PBG on
urine lead.

FIG. 5. Regression lines: ALA on coproporphyrin;
coproporphyrin on ALA.
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FIG. 6. Regression lines: PBG on ALA; ALA on PBG.

values and the other parameters of intoxication
significant.
The statistical significance, or otherwise, of the

correlation between haemoglobin levels and other
parameters of pharmacological intoxication has been
variously reported in the past. Bashour (1954) and
Gibson et al. (1968) found the correlation between
haemoglobin and coproporphyrin to have statistical
significance, and the latter workers also found the
relationship between haemoglobin and ALA sig-
nificant. By contrast, Haeger-Aronsen (1960) found
no significant correlation between haemoglobin and
ALA in her study, a finding confirmed recently by
Williams et al. (1969).

It has been shown that the mean haemoglobin
level of a group of lead workers may not differ from
that of a control group despite the excretion of
considerable amounts of coproporphyrin in the
urine of the lead workers (Waldron, 1964), and in
the present study the mean haemoglobin levels of
those groups of workers in whom haemoglobin was
correlated with coproporphyrin, or with ALA and
PBG, were 96-1% (SD 5-4) and 959% (SD 53)
respectively, that is, normal values. On the otherhand,
the mean coproporphyrin and ALA values were
considerably raised above normal (copropor-
phyrinmean = 282 ,ug/l, SD 393, ALAmean = 1 46
mg/100 ml, SD 2-01) although PBG was not raised
(PBGmean = 0 11 mg/100 ml, SD 0-10). These
findings indicate that the interference by lead with
haem synthesis must be on a large scale to cause the
haemoglobin level to be lowered. Thus, in workers
with a low level of industrial exposure one might
not expect to find any significant correlation between
the excretion of haem precursors and haemoglobin

levels since the latter will not be deviated markedly
from normal. In severely affected individuals, on the
other hand, where haemoglobin levels are depressed,
then it may be that correlations will emerge.

Relationship between tests of absorption and
intoxication
The results from the present investigation are
unusual in that whereas significant correlations were
obtained between some parameters of absorption
and intoxication (urine lead and ALA and quanti-
tative coproporphyrin), others were not significantly
correlated (urine lead and semiquantitative copro-
porphyrin, blood lead and semiquantitative copro-
porphyrin). This is in contrast with the general
experience of other workers who have found that the
correlations between these various parameters of
absorption and intoxication are either all significant
(Bashour, 1954: Singerman, 1964; Cramer and
Selander, 1965; Selander et al., 1966; Williams
et al., 1969) or all non-significant (Gibson et al.,
1968). The poor correlation between blood lead
levels and haemoglobin concentrations reported
here confirms the findings of the earlier com-
prehensive study of Williams (1966) and that author's
more recent report (Williams et al., 1969).
Gibson and her colleagues suggested that the lack

of correlation between absorption and intoxication
is not surprising, particularly in view of the fact
that individuals may vary in their susceptibility to
toxic agents. In view of this statement, and because
of the ambivalent findings in the current study, it is
worth considering whether a priori any relation-
ship between lead absorption and pharmacological
intoxication is to be expected.

Following absorption, lead may be considered to
be distributed in the organism in the following way

Bone cortex D

B A
Environment - Blood -- Bone marrow C

Other
Urine Faeces Soft E

F G Tissues

The blood lead concentration will be a function of
the amount of lead absorbed from the environment
less that deposited in the bone cortex and the soft
tissues and that excreted in the urine and faeces.
This statement may be represented in the form of an
equation:

A = B - ((F + G) + (C + D + E))
It has been shown that the kinetics of the uptake

and excretion of lead varies from tissue to tissue
(Castellino and Aloj, 1964), the uptake and excretion
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of lead by bone being extremely slow compared with
that by soft tissues. Moreover, the concentration of
lead found in different soft tissues varies consider-
ably after a dose of 210Pb, renal tissue having a con-
siderably higher concentration than other tissues
(liver, lung, spleen, heart, and striated muscle). In
addition, the concentration of lead in the bone
marrow is many times higher than the blood lead
concentration (Westerman, Pfitzer, Ellis, and Jensen,
1965). It is likely to be the concentrations of lead in
the liver and the bone marrow which will be the
most important in determining the development of
anaemia since these are the sites respectively of
porphyrin synthesis and haemoglobinization of the
red cell, and it may be seen from the equation above
that these concentrations cannot be predicted
accurately from a knowledge of the blood lead
concentration as the value of A may be constant
despite considerable variation in the values in the
right-hand bracket. Similarly, the urine lead con-
centration (F) may be constant despite wide fluctu-
ations in the other variables concerned. There seems
no reason on a priori grounds, therefore, to suppose
that the blood or urine lead values will show any
relationship to the degree of pharmacological in-
toxication since neither can be taken as an accurate
reflection of the amount of pharmacologically active
lead present in the body. The fact that most auth-
orities report findings contrary to this view is, from
the industrial hygienist's point of view, extremely
fortunate.

Choice of test
The choice of test used to monitor a lead hazard is
dependent on a number of factors. Broadly speaking,
there are two schools of thought, those who advocate
monitoring absorption with a view to keeping the
blood lead below the level at which intoxication is
likely to occur, and those who advocate detecting
signs of pharmacological intoxication regardless of
the degree of absorption. It has been shown recently
that all parameters, with the exception of haemo-
globin levels, correlate very well with individual
exposure (Williams et al., 1969) and, generally, tests
of absorption have been shown to correlate well with
tests of pharmacological intoxication. There would
seem, therefore, to be little to choose between the
various tests described. The choice, then, might
depend on factors such as reliability, simplicity of
the method, and its cost relative to the other tests.
Using these criteria, no test would seem to be more
suitable as a screening procedure than the simple
semiquantitative coproporphyrin estimation.

I am most grateful to Dr. K. N. J. Pocock and the

Directors of Vauxhall Motors Ltd. for allowing me
access to data contained on the record cards of their
employees, and for their permission to publish the results
of my analyses in this paper.
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