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Table 5 ZPP/Hb ratios (pmol/mol) in different occupations with high lead exposure

Industry Number of firms visited Number of employees examined ZPP|Hb ratio
% in excess of
Median 110 500
Secondary lead smelter 1 67 479 96 45
Storage battery plant 4 264 302 87 34
Car radiator repair 15 45t 208 78 22
Crystal glass manufacture 2 16 259 88 19
Storage battery repair 10 21% 116 52 14
Ship breaking 2 31 154 61 10
Metal foundry 30 205t 107 48 10
Ceramic industry 19 481 77 23 6
Scrap metal handling 4 21 144 57 5
PVC plastic manufacture 6 32 102 41 3

+Number includes subjects examined at the Working Environment Foundation exhibitions (see text).

Table 6 ZPP|Hb ratios (umol/mol) in occupations with low lead exposure (no employees with more than 500 pmol

ZPP[mol Hb(Fe))
Occupation Number of concerns visited Number of employees examined ZPP|Hb ratio
Median % in excess of 110

Shooting range instruction 3 9 90 4
Leaded pane manufacturing 6 18% 5 39
‘Gunsmiths 4 7 84 29
Car paint-spraying 5 261 92 23
Type setting 23 2781 74 11
Steel rolling 1 380 86 10
Shipbuilding and welding 4 105} 82 10
Car repair 18 4791 82 9
Lead pigment handling 7 97 A 8
Soldering 14 126} 78 6

Numhber inclid
I\

subjects

ficiency anaemia (Bowering et al., 1976) could
lead to higher mean protoporphyrin concentrations
(Lamola and Yamane, 1974; McLaren et al., 1975).
On the other hand, the mean haemoglobin level is
constant in adult male populations until old age, and
the evidence of impaired iron absorption with advan-
cing age is only suggestive (Bowering et al., 1976).
It may therefore be of significance that the body
burden of lead increases with age (World Health
Organization, 1977). The increase in ZPP (Fig. 1)
would correspond to an increase in blood lead
of about 0-003 pmol Pb/l blood per year. Although
some authors have found no increase in blood lead
with age (World Health Organization, 1977), a
Danish study of 63 males showed a mean annual
increase of 0:005 pumol Pb/l blood (Nygaard et al.,
1977). A similar increase was apparent in 136 males
with low-level lead exposure in Belgium, and the
age-dependent increase was even steeper in 265
males with exposure to lead-contaminated drinking
water (De Graeve et al., 1975). The possible accumu-
lation of lead in the blood and increased lead
toxicity with advancing age, therefore, call for further
studies.

d at the Working Environment Foundation exhibitions (see text).

The upper limit of the reference interval is higher
than that established by other authors (Piomelli
et al., 1973; Roels et al., 1975; Sassa et al., 1975).
This is explained by the fact that the haematofluoro-
meter gives higher readings than the extraction
methods, especially in the low concentration range
(Blumberg et al., 1977; Grandjean and Lintrup,
1978).

The ZPP level in theerythrocytes is not determined
by lead alone (Lamola and Yamane, 1974), and it is
therefore not surprising that the relationship
between ZPP and lead in blood is scattered (Fig. 2).
However, it is probable that a closer relationship
can be obtained in subjects with constant lead ex-
posure (Sassa et al., 1975). The linear relationship
between log ZPP/Hb and blood lead is a reasonable
approximation (Piomelli et al., 1973; Sassa et al.,
1975; Grandjean and Lintrup, 1978). A no-detectable-
effect level in adult males was identified at about
1-2-1-7 pmol Pb/l1 blood (Roels et al., 1975), and
this is in accordance with Fig. 2 in this study.

Anaemia is a well-known sign of lead poisoning,
but it is not normally found until the blood lead
level exceeds 5 pmol/l (Williams, 1966 ; Cooper et al.,
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1973). Two cross-sectional studies, similar to the
study described here, have shown a significantly
negative association of blood haemoglobin levels
with blood lead concentrations in workers exposed to
lead (Wada, 1976; Lilis et al., 1977), but such a
relationship could not be found in alarge-scalestudyin
Finland (Tola, 1973). A prospective study of new
male lead workers showed, however, that the mean
haemoglobin decreased in 100 days from 8-9 mmol/l
to 8-3 mmol/l, while the blood lead level increased to
a mean of about 2-4 umol/l (Tola et al., 1973). The
accumulation of ZPP in the erythrocytes is several
times lower than the associated decrease in Hb
(Fig. 3). Thus, interference with other steps of
haem metabolism must be partly responsible for this
decrease. Almost all haemoglobin values found in
this study were within the normal range (above
8-:0 mmol/l), and there is little evidence of any
harmful effect of a low haemoglobin level as such
(Elwood, 1973). However, a concomitant lead-
induced decrease in other haem proteins has been
demonstrated (Alvares et al., 1976; Goldberg et al.,
1977). Thus, the decreased synthesis of haem should
not be evaluated on the basis of haemoglobin levels
only.

Hernberg (1973) reviewed the literature on the
incidence of occupational lead poisoning, and
distinguished between occupations with high risk and
those with moderate or slight risk. These two groups
are very similar to the groups listed in Tables 5 and
6, respectively. A large-scale Finnish screening study
for blood lead levels concluded that the highest lead
exposures occurred in the same industries as those
mentioned in Table 5 (Tola er al., 1976). Shooting
instructors and fingerprint experts handling lead
pigment were not mentioned in the Finnish reports,
but cases of poisoning have occurred in these occu-
pations as well (Winge, 1931; Nyfeldt, 1937). By
far the most extensive lead exposure is found in
secondary lead smelters and in electric storage battery
manufacturers(Williamsetal.,1969; Lilis et al., 1977;
World Health Organization, 1977). Thus the results
of the present surveyareinaccordance with most other
reports. However, one recent study of 216 workers
from 10 garages in Denmark showed that 99, of the
workers had a blood lead level in excess of 3-9
pmol/l, and that motor mechanics had higher levels
than the platesmiths and the paint sprayers (Clausen
and Rastogi, 1977). Our study, carried out two
years later, included two of the garages studied by
Clausen and Rastogi (1977) but it was not possible
to confirm their findings. Our results are in accor-
dance with findings in Finland (Tola et al., 1972);
it appears, therefore, that in most instances
car repair results in only a limited lead exposure.

A significant proportion of the work-force is

exposed to lead, so that extensive monitoring is
necessary. The haematofluorometer has proved very
efficient for screening purposes, but an increased
ZPP level is not specific for lead (Lamola and
Yamane, 1974; Grandjean and Lintrup, 1978).
An increased ZPP/Hb ratio should therefore be
controlled by blood lead determination. A screening
limit of 300 umol ZPP/mol Hb(Fe) is convenient,
as almost all subjects with a blood lead level in
excess of 2:9 umol/l (60 ng/100 ml) also exceed this
limit for the ZPP/Hb ratio.

I am indebted to B. Fallentin, Head of the National
Institute of Occupational Hygiene, for permission
to use blood lead results. I thank Dr J. Lintrup,
Department of Clinical Chemistry, Finsen’lnstitute,
for the haemoglobin determinations, and occu-
pational health nurse L. Sgrensen, Danish Labour
Inspectorate, for assistance with the field work.
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