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An assessment of the laboratory tests used
to monitor the exposure of lead workers
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Hmger-Aronsen, Birgitta (1971). Brit. J. industr. Med., 28, 52-58. An assessment of the
laboratory tests used to monitor the exposure of lead workers. In order to ascertain which
laboratory tests are valuable for the monitoring of lead workers, 168 men exposed to lead at
eight factories were examined for lead (Pb), protoporphyrin (PP), haemoglobin (Hb), and
basophilic stippling of red cells (BSC) in the blood and for 8-aminolevulinic acid (ALA)
and coproporphyrin (CP) in the urine.

The counting of BSC and the determination of PP in the blood are both complicated
and time-consuming procedures. As they do not offer any particular advantages in the
detection or evaluation of lead poisoning they are considered as less suitable.

The concentration of Pb in the blood reflects the absorption of the lead but not its effect.
This is certainly a disadvantage.

A highly significant, negative correlation was found between Hb in the blood and ALA
in the urine.

The concentrations of ALA and CP in the urine are both good indicators of the degree of
lead poisoning. The former is more specific and more sensitive and is therefore considered
the most suitable test for the biochemical monitoring of lead workers. A simple, safe, and

quick method is recommended.

Determinations of Hb and Pb inthe blood may be useful as supplementary methods in the
evaluation of lead poisoning but are, in our experience, only seldom needed.

It has been known since antiquity that lead poisoning
may occur when the metal gains access to the body
tissues by inhalation, ingestion, or skin contact. The
first descriptions of the clinical picture of such
intoxication date back to the middle of the seven-
teenth century (Stockhausen, 1656), but it was not
until two centuries later that anaemia was recognized
as an integral part of the condition (Laennec, 1831).

The pathogenesis of the anaemia is not properly
understood. However, owing to the effect of lead on
various enzymes catalysing glycolysis and certain
steps in the synthesis of haem, retarded maturation
of the red cells and haemoglobin deficiency must be
important features (Waldron, 1966).

Haemolysis which is prominent in acute lead
poisoning in man (Leikin and Eng, 1963) is believed
to be due to the toxic effect of the metal on the
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red cell membranes, resulting in cellular fragility
(Teisinger, Zumanova, and Zezula, 1958 ; Prankerd,
1961). Transient jaundice (Karlog and Mpgller,
1958; Crutcher, 1963) and increased excretion of
urobilinogen in the faeces (Baikie, 1954) and urine
(Simpson, Seaton, and Adams, 1964) have been
taken as evidence of the anaemia being of haemolytic
type. Coombs test is usually negative (Sutherland
and Eisentraut, 1956), but it is sometimes positive
in patients with reticulocytosis and/or severe punc-
tate basophilia (Crutcher, 1963). This is believed to
be due to the tendency of these cells to retain
globulin, possible transferrin, on their membranes
(Jandl, 1960).

Punctate basophilia has long been known to
occur in lead poisoning (Behrend, 1899). It is due to
the action of the lead on the young cells in the bone
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marrow with consequent alteration and aggregation
of the ribosomes (Jensen and Moreno, 1964;
Jensen, Moreno, and Bessis, 1965). Other examples
of the effect of lead on the morphology of red
cells are polyploidy (Beriti¢ and Vandekar,
1956) and abnormal mitoses of the nuclei of
erythroblasts (Rondanelli, Gorini, Colombi, and
Verga, 1958).

The multiple effect of lead on synthesis of haem
is well documented and has been described in detail
elsewhere (Hager-Aronsen,' 1960). Partial blockage
of 8-aminolevulinic acid (ALA) dehydrase (Gibson,
Neuberger, and Scott, 1955; Nakao, Wada, and
Yano, 1968), coproporphyrinogenase (Rubino,
1962), and haemsynthetase (Rimington, 1951;
Goldberg, Ashenbrucker, Cartwright, and Wintrobe,
1956; Jandl, Inman, Simmons, and Allen, 1959)
has been demonstrated in experimental animals and
in man. This impaired synthesis can probably ex-
plain most of the increase in the concentration of
ALA and coproporphyrin (CP) in the urine (Rub-
ino, 1962; Gajdos and Gajdos-Torok, 1969) and
of protoporphyrin (PP) in the red cells (Licht-
man and Feldman, 1963).

Sano (1958) felt that acceleration of the synthesis
of haem was necessary for the concentrations of
porphyrins and precursors to reach the high levels
occurring in lead poisoning. But the activity of ALA
synthetase, the rate-limiting enzyme in the synthe-
tizing process (Granick and Urata, 1963), proved
normal in lead-poisoned rabbits (Gajdos and
Gajdos-Torok, 1969; Gibson and Goldberg, 1970).
In acute intermittent porphyria, an inborn error of
metabolism with defective porphyrin synthesis,
which both clinically and biochemically resembles
lead poisoning (Waldenstrom, 1937 ; Dagg, Goldberg,
Lochhead, and Smith, 1965), the ALA synthetase
activity has been found to be markedly raised and
this rise has been regarded as an explanation of the
increased excretion of porphyrin precursors
(Tschudy, Perilroth, Marver, Collins, Hunter, and
Rechcigl, 1965; Masuya, 1969).

Characteristics of the anaemia in lead poisoning
are mild hypochromia, increased serum iron,
slightly reduced survival time of the red blood cells,
and abundance of sideroblasts. It has been classed
as a type of sideroblastic anaemia (Mollin, 1965).

In view of the range of analytical data available,
we thought it worth while to try to find out which
laboratory tests are valuable for the monitoring
of lead workers.

By lead poisoning was meant lead absorption
sufficiently great to cause characteristic changes in
the blood and urine, even if there are no clinical
symptoms.

Material
The samples were collected at routine examination of

168 male lead workers. Of these, 78 were employed at
two factories manufacturing accumulators, 72 at two
factories producing plastics, 16 at three foundries using
material containing lead, and 2 were occupied with the
cleaning of a tank used for storage of petrol containing
lead. All the workers were exposed to inorganic lead dust
(mostly Pb, PbO, and PbCO;) except the last two who
were exposed to organic (tetraethyl-) lead fumes. The
two last-mentioned men had worked in the tank for only
four days while all the others had been occupied with
lead work for at least three months. Twenty-nine men
were foreigners, mostly Jugo-Slavs. None of them was
known to have any blood disease.

The blood and urine samples used in intra-individual
comparisons were obtained on the same day. The
blood samples examined for lead (Pb) were collected
directly in heparinized tubes by venepuncture using
carefully washed needles. The samples were examined
within 14 days of collection. Samples for estimation of
the PP in the red cells were also obtained by venepunc-
ture, while capillary blood was used for the counting of
punctate basophils (BSC) and for the determination of
haemoglobin (Hb). These three last-mentioned determin-
ations were made on the day the samples were obtained.

Urine to be examined for ALA and CP consisted of
early morning samples. These were stored at +4°C in
the dark from the time they were received at the labora-
tory until they were analysed — always within three days
of voiding. No preservative was added. The pH was
always ascertained before determination and was
regularly found to be somewhat less than 7.

Methods

Determination of Pb in blood was performed by AB
Analytica, Stockholm, in a Hilger & Watts large auto-
matic spectrograph supplied with a quartz optical system.

Red cells were examined for free PP by the method of
Wranne (1960). The punctate basophils in the peripheral
blood were counted in the way previously described
(Hzger-Aronsen, 1960).

Hb was measured as cyanmethaemoglobin. Blood was
always obtained with the worker sitting.

The urine was analysed for ALA by the method of
Mauzerall and Granick (1956) except the last 24 speci-
mens, which were examined by the method of Grabecki,
Haduch, and Urbanowicz, (1967). The CP content of
the urine was measured by the method described pre-
viously (Hager-Aronsen, 1960).

The results of the analyses were expressed in terms
of weight per volume.

Coefficients of correlation (r) and regression lines were
calculated according to standard statistical methods. A
difference was said to be almost significant, significant,and
highly significant when the corresponding level of proba-
bility was 0:05 to 0-01, 0-01 to 0001, and less than 0-001,
respectively.

Results

The upper normal (mean +2 SD) and lower normal
(mean —2 SD) limits used are given in Table 1. All
the values except Pb are from our own published
results (Hager-Aronsen, 1960, 1963). The Pb limit
was taken from Kehoe (1961).



54 Birgitta Heger-Aronsen

TABLE 1
NorMAL Limrts USeD
Urine Blood Normal limits
ALA <0-57 mg?%
CP <15 pg’%
BSC <10 000 RBC
Hb =132 g%!
Pb <40 ug%
PP <25ug8%

1For men in Malmo, Sweden

The correlations found between the results of the
various analytical tests are given in Table 2.

TABLE 2

CORRELATION BETWEEN RESULTS OF VARIOUS
ANALYTICAL TESTS

Correlation n r P Fig.no.
ALA/Pb? 110 - - 1
ALA/CP 55 +0-85 <0-001 2
ALA/Hb 168 —035 <0-001 3
ALA/BSC 79 +0-65 <0-001 4
PP/Pb 38 +0-50 0-01 to 0-001 5
ALA/PP 38 +0-34 0-05 to 0-01 6

!Curvilinear function

ALA in urine, mg/100 ml; CP in urine, pg/100 ml; Pb in
blood, pg/100 ml; Hb in blood, g/100 ml; BSC in blood,
number per 10 000 red cells; PP in red blood cells, ug/100 ml.

Discussion

The concentration of ALA varied closely with Pb
(Fig. 1) and still more closely with CP (Fig. 2, Table
2). The latter is perhaps not so noteworthy, for
while the Pb in the blood reflects only the amount
of lead absorbed, the concentration of ALA and
that of CP in the urine are indicators of the toxic
effect of the metal. This effect is also mirrored by the
concentration of Hb, the number of punctate
basophils, and the PP content of the red cells. The
susceptibility to lead varies from individual to indivi-
dual, and enzymes catalysing various steps in the
production of haem differ from one another in their
tolerance of lead depending, among other things, on
whether they are bound to mitochondria (Miani
and Viterbo, 1958) and whether they contain
sulphydryl group(s).

Selander and Cramér (1970) pointed out that the
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FIG. 1. Correlation between concentrations of ALA in

urine and Pb in blood from lead workers. The relation-

ship was found to be curvilinear (ALA = 10°-01204Fb—
0-8605).
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FIG. 2. Correlation between concentrations of ALA and

CP in urine from lead workers. The regression line of ALA
on CP is given (ALA = 0-0442 CP + 0-1412).

regression of ALA on Pb in the blood is not straight
but curvilinear, something we were able to confirm
from our results. After logarithmic transformation
of the ALA values a rectilinear regression line was
obtained (log ALA = 0-01294 Pb — 0-8605) with a
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highly significant r of 4 0-61. The corresponding r
of Selander and Cramér (1970) was + 0-74,n = 150.
Those authors stress the importance of attaching
great interest to high or increasing ALA values,
even if the blood Pb levels are not correspondingly
high.

Gibson, Mackenzie, and Goldberg (1968) found
no correlation between ALA in the urine and Pb in
the blood in 100 lead workers, while Holmgqvist (1970)
demonstrated a rectilinear relationship (r = + 0-46)
in a study of 1 908 workers at a lead-melting plant.

Close positive correlations between ALA and CP
in the urine (r = 0-92 to 0-65) have been demon-
strated previously in series ranging from 12 to 100
lead workers (de Kretser and Waldron, 1963;
Gattner and Schrantz, 1964; Cramér and Selander,
1965; de Bruin and Hoolboom, 1967).

A highly significant, negative correlation between
ALA and Hb was found (Table 2). As in the 100
lead workers examined by Gibson and her colleagues
(1968), this tendency was even more pronounced
when the results were classified according to the
concentration of Hb (Fig. 3).
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FIG. 3. Urinary excretion of ALA by lead workers
(n = 168), divided in groups according to their Hb con-
centration in blood.

Williams (1966) found no correlation between the
concentrations of Pb in the blood and Hb in 655
lead workers. He therefore felt that regular deter-
mination of the Hb in lead workers could be omitted
so long as the concentration of the lead did not
exceed 110 pg/100 ml. Our results do not support
this view.

While the correlation of basophils with Pb in the
urine has previously been shown to be significant
(Heager-Aronsen, 1960) that with the concentration
of ALA in the urine is highly significant (Table 2,
Fig. 4).

ALA /urine (mg./IOOmI.)

o 10 20 30
BSC/10,000 RBC

FIG. 4. Correlation between concentration of ALA in
urine from lead workers and the number of BSC in blood
on the same day. The regression line of ALA on BSC is
given (ALA = 0-0850 BSC+ 0-4284).

The concentration of PP in the red cells unex-
pectedly correlated more closely with that of the
lead in the blood (r = + 0-50) than with the ALA
in the urine (r = + 0-34). Both series were, how-
ever, only small with 38 pairs in each (Figs. 5 and 6).

Summing up, the counting of punctate basophils
and the determination of PP in the red cells are both
complicated and time-consuming procedures and
therefore less suitable as routine tests in the super-
vision of lead workers.

Determinations of the excretion of ALA and CP
in the urine are both satisfactory (Hager-Aronsen,
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FIG. 5. Correlation between concentrations of PP in red
blood cells and Pb in blood from lead workers. The regres-
sion line of PP on Pb is given (PP = 3:3718 Pb-41-3030).
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FIG. 6. Correlation of concentrations of ALA in urine
and PP in red blood cells from lead workers. The regres-
sion line of ALA on PP is given (ALA = 0-0034 PP +
0-7937).

1960; Zielhuis, 1961). Increased excretion of ALA in
the urine without simultaneously increased porphobi-
linogen has so far been observed only in porphyria

cutanea tarda (Hager, 1958 ; Heilmeyer and Clotten,
1960), hypochromic anaemia after gastrectomy
(Danieli, Gajdos-Torok, and Gajdos, 1961), and
hereditary  tyrosinaemia  (Gentz, Johansson,
Lindblad, Lindstedt, and Zetterstrom, 1969), while
coproporphyrinuria occurs in various forms of
anaemia, particularly the diffuse haemolytic type, in
jaundice due to hepatocellular damage or biliary ob-
struction, in some infectious diseases such as pneu-
monia and poliomyelitis, in various types of poisoning
with substances such as mercury, bismuth, and
sulphonamides, and in other diseases. Further, the
excretion of ALA in the urine seems to increase earlier
than that of CP and is thus a more sensitive indicator
of lead poisoning (Heager-Aronsen, 1960; Balbo,
Gualdi, and Marucci, 1965; Djuric, Novak, Milic,
and Kalic-Filipovic, 1966; de Bruin and Hoolboom,
1967). Now that an excellent quick method is avail-
able for the determination of ALA inurine (Grabecki
and his colleagues, 1967) it may be regarded as the
method of choice for detecting and estimating the
degree of lead poisoning in lead workers. The analy-
sis can be performed on spot samples and the ALA
content can be expressed in weight per volume
(Cramér and Selander, 1967; Heger-Aronsen,
1970).

Determinations of Hb and Pb in the blood are
good supplementary indicators for estimating the
degree of lead intoxication but are seldom needed in
routine work.
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