






Occupational lead exposure in Denmark: screening with the haematofluorometer

Table 2 Validity ofZPP determinations with different
cut-offpoints compared with a blood lead limit of
2-9 lumol/l
ZPP limit Sensitivity Specificity Validity
(,mol/mol Hb (% true (% true (sensitivity
(Fe)) positives) negatives) + specificity)

750 62 87 149
500 56 92 148
300 45 98 143
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Fig. 3 Relationship between haemoglobin concentration
and zinc protoporphyrin/haemoglobin ratio in the blood
of210 men with occupational lead exposure. The two
regression lines are shown.
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Table 3 Haemoglobin concentrations (mmol/l)
compared with ZPP/Hb ratios (pLmol/mol) in 210 lead-
exposed workers

ZPP/Hb ratio Number of Haemoglobin
workers

Median % lower than 9-0

<110 76 97 13
110-500 71 9 2$ 30§

>500 63 9 Ot 46§

tp < 0O05 and t p < 0 001 compared with the preceding group by a
two-tailed Mann-Whitney U-test.
§P <005 compared with the preceding group by a two-tailed x2 test.

Table 4 Haemoglobin concentrations (mmol/l)
compared with blood lead levels (pumolll) in 202 lead-
exposed workers

Blood lead Number of Haemoglobin
workers

Median % lower than 9-0

< 1*2 66 9-6 1 7
1-2-29 80 92t 26

>29 56 9 1 45§

tp < 0-05 compared with the preceding group by a two-tailed Mann-
Whitney U-test.
§P < 005 compared with the preceding group by a two-tailed x2 test.

a comparison between ZPP values found in different
occupations is permissible.

Table 5 lists the industries which employ workers
with ZPP/Hb ratios above 500 ,umol/mol. The lead
hazard in most of these industries is well known.
Several other industrial facilities showed increased
ZPP levels below 500 ,umol/mol Hb(Fe) (Table 6).

Discussion

Men (N =202) Determination of the ZPP/Hb ratio represents
the easiest and quickest method available for the
assessment of lead exposure. The haematofluoro-
meter provides the result in a few seconds, and this

.*::.-.:*- *- - makes immediate action possible when excessive
ZPP levels are found. Some hundred blood lead
determinations are performed each year by the
National Institute of Occupational Hygiene, but
the haematofluorometer has made it possible to
examine several thousand individuals in a year.
However, before the haematofluorometer is accep-
ted as a screening method, its validity should be
carefully checked.

2 4 It has been shown in this study that the ZPP/Hb
ratio increases significantly with advancing age.

en haemoglobin and lead This could be related to impaired iron absorption
?f202 men with occupational or reduced iron intake in the older individuals. Thus,
ression lines are shown. in the elderly, an increased incidence of iron de-
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T'able 5 ZPP/Hb ratios (,mol/mol) in different occupations with high lead exposure

Industry Number offirms 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 21t 116 52 14
Ship breaking 2 31 154 61 10
Metal foundry 30 205t 107 48 10
Ceramic industry 19 48t 77 23 6
Scrap metal handling 4 21 144 57 5
PVC plastic manufacture 6 32 102 41 3

tNumber 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 ,umol
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 44
Leaded pane manufacturing 6 18t 75 39
Gunsmiths 4 7 84 29
Car paint-spraying 5 26t 92 23
Type setting 23 278t 74 11
Steel rolling 1 380 86 10
Shipbuilding and welding 4 10St 82 10
Car repair 18 479t 82 9
Lead pigment handling 7 97 71 8
Soldering 14 126t 78 6

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

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 ,umol 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 ,mol 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 forfurther
.studies.

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 ,umol Pb/l 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 ,umol/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 a large-scale study in
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 et 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
secondarylead smelters and in electric storage battery
manufacturers(Williamsetal., 1969; Lilis et al., 1977;
World Health Organization, 1977). Thus the results
ofthe present surveyare in accordancewith most other
reports. However, one recent study of 216 workers
from 10 garages in Denmark showed that 9% of the
workers had a blood lead level in excess of 3.9
,umol/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 jug/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, FinsenlInstitute,
for the haemoglobin determinations, and occu-
pational health nurse L. S0rensen, Danish Labour
Inspectorate, for assistance with the field work.

References

Alvares, A. P., Fischbein, A., Sassa, S., Anderson, K. E,
and Kappas, A. (1976). Lead intoxication: effects on
cytochrome P-450-mediated hepatic oxidations. Clinical
Pharmacology and Therapeutics, 19, 183-190.

Baloh, R. W. (1974). Laboratory diagnosis of increased lead
absorption. Archives ofEnvironmental Health, 28, 198-208.

Beritic, T., Prpid-Majid, D., Kara6id, V., and Telisman, S.
(1977). ALAD/EP ratio as a measure of lead toxicity.
Journal of Occupational Medicine, 19, 551-557.

Bloomfield, J. J., Trasko, V. M., Sayers, R. R., Page, R. T.,
and Peyton, M. F. (1940). A Preliminary Survey of the
Industrial Hygiene Problem in the United States. Public
Health Bulletin No. 259. US Public Health Service:
Washington.

Blumberg, W. E., Eisinger, J., Lamola, A. A., and Zucker-
man, D. M. (1977). Zinc protoporphyrin level in blood
determined by a portable hematofluorometer: a screening
device for lead poisoning. Journal of Laboratory and
Clinical Medicine, 89, 712-723.

Bowering, J., Sanchez, A. M., and Irwin, M. 1. (1976). A
conspectus of research on iron requirements of man.
Journal of Nutrition, 106, 985-1074.

Clausen, J., and Rastogi, S. C. (1977). Heavy metal pollution
among autoworkers. I. Lead. British Journal of Industrial
Medicine, 34, 208-215.

Cooper, W. C., Tabershaw, I. R., and Nelson, K. W. (1973).
Laboratory studies of workers in lead smelting and
refining. In Proceedings of an International Symposium on
Environmental Health Aspects of Lead, pp. 517-529.
Commission of the European Communities: Luxembourg.

De Graeve, J., Jamin, P., and Rondia, D. (1975). Plom-
bemie d'une population adulte de l'Est de la Belgique.
Revue d'Epidemiologie et de Sante Publique, 25, 131-152.

Elwood, P. C. (1973). Evaluation of the clinical importance
of anemia. American Journal of Clinical Nutrition, 26,
959-964.

Federal Register (1975). Occupational Exposure to Lead.
Proposed Rulemaking. October 3, 45934-45948.

Goldberg, A., Meredith, P. A., Miller, S., Moore, M. R.,
and Thompson, G. G. (1977). Haem biosynthesis and
hepatic drug metabolism in lead poisoned rats. British
Journal ofPharmacology, 61, 134P-135P.

57

 group.bmj.com on February 14, 2012 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


P. Grandjean

Grandjean, P. (1978). Lead concentration in single hairs
as a monitor of occupational lead exposure. International
Archives of Occupational and Environmnental Health,
42, 69-81.

Grandjean, P., Fogh, A., and Petersen, R. (1978). Zink-
protoporfyrin koncentrationen i erytrocytter hos bly-
eksponerede mend. Ugeskrift for Lager. (In press.)

Grandjean, P., and Lintrup, J. (1978). Erythrocyte-Zn-
protoporphyrin as an indicator of lead exposure. Scan-
dinavian Journal of Clinical and Laboratory Investigation,
38, 669-675.

Hernberg, S. (1973). Prevention of occupational poisoning
from inorganic lead. Work-Environment-Health, 10, 53-61.

Hessel, W. (1968). Simple and rapid quantitative deter-
mination of lead in blood. Atomic Absorption News-
letters, 7, 55-56.

Joselow, M. M., and Flores, J. (1977). Application of the
zinc protoporphyrin test as a monitor of occupational
exposure to lead. American Industrial Hygiene Association
Journal, 38, 63-66.

Lamola, A. A., and Yamane, T. (1974). Zinc protoporphyrin
in the erythrocytes of patients with lead poisoning and
iron deficiency anemia. Science, 186, 936-938.

Lilis, R., Fischbein, A., Eisinger, J., Blumberg, W. E.,
Diamond, S., Anderson, H. A., Rom, W., Rice, C.,
Sarkozi, L., Kon, S., and Selikoff, I. J. (1977). Prevalence
of lead disease among secondary lead smelter workers
and biological indicators of lead exposure. Environmental
Research, 14, 255-285.

McLaren, G. D., Carpenter, J. T., Jr., and Nino, H. V. (1975).
Erythrocyte protoporphyrin in the detection of iron
deficiency. Clinical Chemistry, 21, 1121-1127.

National Academy of Sciences Committee on Biological
Effects of Atmospheric Pollutants (1972). Lead: Airborne
Lead in Perspective. National Academy of Sciences:
Washington, D.C.

Nyfeldt, A. (1937). Et tilfnlde af chronisk blyforgiftning.
Ugeskrift for Lager, 99, 283-284.

Nygaard, S.-P., Ottosen, J., and Hansen, J. C. (1977).
Whole-blood lead concentration in Danes: relation to
age and environment. Danish Medical Bulletin, 24, 49-51.

Piomelli, S., Young, P., and Gay, G. (1973). A micromethod
for free erythrocyte porphyrins: the FEP test. Journal
ofLaboratory and Clinical Medicine, 81, 932-940.

Popper, L., and Raber, A. (1966). Saturnismus in Austria.
In XVth International Congress on Occupational Health,
Suppl. 1. Verlag der Wiener Medizinischen Akademie:
Wien.

Quaas, M., and Naas, W. (1971). Zur Epidemiologie beru-
flicher Bleiintoxikationen. Deutsche Gesundheitswesen,
26, 2139-2144.

Roels, H. A., Lauwerys, R. R., Buchet, J. P., and Vrelust,

M.-Th. (1975). Response offree erythrocyte porphyrin and
urinary 5-aminolevulinic acid in men and women moder-
ately exposed to lead. Internationales Archiv ffur Arbeits-
medizin, 34, 97-108.

Sassa, S., Granick, S., and Kappas, A. (1975). Effect of
lead and genetic factors on heme biosynthesis in the human
red cell. Annals of the New York Academy of Sciences,
244, 419-440.

Tola, S. (1973). The effect of blood lead concentration, age,
sex and time of exposure upon erythrocyte a-amino-
levulinic acid dehydratase activity. Work-Environment-
Health, 10, 26-35.

Tola, S., Hernberg, S., Asp, S., and Nikkanen, J. (1973).
Parameters indicative of absorption and biological effect
in new lead exposure: a prospective study. British Journal
of Industrial Medicine, 30, 134-141.

Tola, S., Hernberg, S., and Nikkanen, J. (1972). Occupational
lead exposure in Finland. II. Service stations and garages.
Work-Environrment-Health, 9, 102-105.

Tola, S., Hernberg, S., and Vesanto, R. (1976). Occupational
lead exposure in Finland. VI. Final report. Scandinavian
Journal of Work, Environment and Health, 2, 115-127.

Tomokuni, K., and Ogata, M. (1976). Relationship between
lead concentration in blood and biological response for
porphyrin metabolism in workers occupationally exposed
to lead. Archives of Toxicology, 35, 239-246.

US Public Health Service (1964). Publication 1097. Occu-
pational Diseases, A Guide to their Recognition. Edited by
W. M. Gafafer. USPHS: Washington, D.C.

Wada, 0. (1976). Human responses to lead and their back-
ground with special reference to porphyrin metabolism.
In Effects and Dose-response Relationships of Toxic Metals,
pp. 446-454. Edited by G. F. Nordberg. Elsevier: Am-
sterdam.

Waldron, H. A. (1974). The blood lead threshold. Archives
of Environmental Health, 29, 271-273.

Williams, M. K. (1966). Blood lead and haemoglobin in lead
absorption. British Journal of Industrial Medicine, 23, 105-
111.

Williams, M. K., King, E., and Walford, J. (1969). An
investigation of lead absorption in an electric accumulator
factory with the use of personal samplers. British Journal
of Industrial Medicine, 26, 202-216.

Winge, K. (1931). Et tilfelde af blyforgiftning med ejen-
dommelig wtiologi. Ugeskrift for Leger, 93, 1154-1155.

World Health Organization (1977). Environmental Health
Criteria. 3. Lead. WHO: Geneva.

Zielhuis, R. L. (1977). Second International Workshop on
permissible levels for occupational exposure to inorganic
lead. International Archives of Occupational and Environ-
mental Health, 39, 59-72.

58

 group.bmj.com on February 14, 2012 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/
http://group.bmj.com/


doi: 10.1136/oem.36.1.52
 1979 36: 52-58Br J Ind Med

 
P Grandjean
 
haematofluorometer.
Denmark: screening with the 
Occupational lead exposure in

 http://oem.bmj.com/content/36/1/52
Updated information and services can be found at: 

These include:

service
Email alerting

article.
Sign up in the box at the top right corner of the online 
Receive free email alerts when new articles cite this article.

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 14, 2012 - Published by oem.bmj.comDownloaded from 

http://oem.bmj.com/content/36/1/52
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://oem.bmj.com/
http://group.bmj.com/

