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Placental transfer of lead and its effects on the newborn§

A. R. L. CLARK
M.B., B.S., M.Sc., D.I.H.

Summary
Following delivery, blood was taken from 122 mothers
and their infants' cords for estimation of lead,
haemoglobin, packed cell volume and mean cor-
puscular haemoglobin concentration. All were resident
in Kasanda, a township within a radius of 3000
metres of Broken Hill Lead Mine and Smelter,
Zambia, where the annual mean atmospheric lead
concentration was 9X6 tg/m3 and the soil lead con-
centration 100-9400 p.p.m. Their mean blood levels
were high, being 41-2 tg and 37 tg/dl for mothers and
infants respectively, with a significant correlation
(r=0*77, P<0 001). Thus an infant's blood lead at
birth closely follows that of its mother even at high
values. The increased lead level transfer, however,
did not appear adversely to affect the birth weight or
red cell values of the newborn. Cord blood lead levels
are being used in Broken Hill to monitor a com-
munity's exposure to lead.

TABLE 1. blood lead (,ug/dl)

Mothers' blood Infants' cord Cord
No. examined (mean value) (mean value) range

Scanlon (1971 13* - - 18±847 13-26
Barltrop (1968) U.K. 29 13-9 10-8 4-24
Harris (1972) U.S.A. 24 13-2+ 4-2 12-3± 3-3 10-20
Haas (1972) Germany 294 16 9± 8 7 14-9± 8-6 2-47
This report control group 31 14-7+ 7 5 11-8+ 56 3-29mine group 122 41 -2+14-4 37-0±15-3 10-84

Values ±s.d. * Urban, t Suburban.

Introduction
Lead is known to cross the placenta from mother

to fetus. This was first demonstrated by Bauman
(1933) in experiments on the rat. Later Barltrop
(1968) showed that in the human such lead transfer
began about the twelfth to fourteenth week of
gestation. Lead transfer continues thereafter
throughout fetal life and at the time of delivery a
significant correlation between the lead concen-

§ Based on a dissertation presented for the degree of
M.Sc. Occupational Medicine, University of London, 1975.

tration in the mother's blood and infant's cord blood
is obtained (Barltrop, 1969; Harris and Holley, 1972;
Haas et al., 1972).

Investigations have shown that for communities
exposed to urban environments, the mean blood
lead concentration in mothers lies between 13-2
[±g and 16 9 tLg/dl and in full-term infants the cord
blood level lies between 10-8 and 14-9 Fg/dl (Table 1).

This investigation was undertaken to determine
if a significant correlation of lead concentration
between the mother's blood and infant's cord blood
was maintained in the presence of a high maternal
blood lead level, and also to determine if the trans-
ferred lead adversely affected birth weight and red cell
values of the newborn. This involved a community
living to the west within a radius of 3000 metres of
Broken Hill Lead Mine, Kabwe, Zambia, which
was subject to a high atmospheric as well as high
ground lead concentrations.

Method
The study was conducted over a complete year to

obviate gross seasonal differences and involved 122
mothers and their newborn infants representing a
1-in-5 presenting sample of deliveries at the clinic
of the lead-affected community. Over the same
period a control group of thirty-one mothers and
their infants resident in a neighbouring district
relatively 'unaffected by atmospheric lead' were
studied.
Blood samples, each of 5 ml were collected in a
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lithium heparin tube from an antecubital vein of the
mother at delivery and from the umbilical cord of the
infant. The lead content was determined using an
atomic absorption spectrophotometer following
extraction with ammonium pyrrolidine dithio-
carbamate and N-butyl acetate. During each batch of
lead estimations the spectrophotometer was checked
against known standard blood samples.

Results
The control group, despite a fairly wide scatter

(Fig. 1), showed a significant correlation (r=0-56,
P<0 001) between lead concentration in the blood
of mothers' and infants' cords. The blood leads
ranged from 3 to 29 [±g with mean levels of 14-7 ,ug/dl
and 11 8 ,ug/dl for mothers and infants respectively.
They were resident in an area within 3300 metres
of the mine and smelter but to its north and north-
east. There the ground lead concentrations were
similar to the mine area but the atmospheric lead
concentrations were much less. (It was not swept

by the prevailing wind blowing from the direction
of the mine.) Mean atmospheric lead concentration
was 1 5 [Lg/m3 2 m above ground level on the east
and windward side of the mine. The blood results
were similar to those obtained by other investigators
of urban and suburban communities (Table 1).
Scanlon, 1971, examining thirteen infants born of
urban mothers and fifteen infants born of suburban
mothers showed no significant relationship between
umbilical cord blood lead levels and place of
residence, the lead in air concentrations being 2
[Lg/m3 for the urban and 1 ,ug/m3 for the suburban.
However, the 122 mothers and infants resident to the
west and within 3000 m of the lead mine showed
higher blood lead than has previously been reported
for such pairs (Table 1). These ranged from 10-84 ,ug
with mean values of 41 2 [±g/dl and 37 Fg/dl for
mothers and newborns respectively, with a signi-
ficant correlation between these values (r=0-77,
P<0001) (Fig. 2). There was an annual mean
atmospheric lead load of 9-6 ,ug/m3 measured at a
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FIG. 1. Relationship between blood lead concentrations of maternal blood and infant cord blood in the control
group (n=31, r=0-56). A = cluster of 2.
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FIG. 2. Relationship between blood level concentrations of maternal venous blood and infant cord blood in the
Kasanda township (n = 122, r=0-77). A = cluster of 2, * = cluster of 3.

height of two storeys and ground lead concentration
between 100-9400 p.p.m. similar to concentrations
around lead mines and smelters in other parts of the
world (Waldron and Stofen, 1974; Barltrop et al.,
1975).
This investigation confirms that, even at raised

levels, the infant's blood lead concentration at
birth closely matches that of its mother. All workers
have shown that cord blood leads, with few excep-
tions, are lower than their respective maternal levels,
suggesting that the placenta may 'protect' the fetus
in some way. Of the mine group, thirty-three cord
blood leads were higher than the mothers' and of the
control group, ten were higher. Furthermore, the
difference in means between maternal and cord blood
lead was shown to be significant in the large mine
group where P<0 05.

Ninety-five per cent of the lead in blood is carried
by the red cell, the remainder being in the plasma,

and this is in equilibrium with lead in neighbouring
soft tissue (Barry, 1972). Lead concentration varies
with the nature of the tissue and is related to the
lead supply from the external environment. Thus an
equilibrium exists (not always truly obtained,
possibly due to some placental dysfunction) between
lead in the fetus and the lead in the mother and her
external environment which, in this investigation,
was abnormal in the atmospheric concentration.
The accepted upper blood lead limit of normal for

children aged one year is 36 ,ug/dl (Barltrop, 1969).
In this investigation the mean value for infants
beginning an independent existence was 37 jig/dl.
The significance of this and the lead level at which
adverse effects can be expected in the fetus requires
careful consideration, especially in those industrial
areas where atmospheric lead is high.

In the present investigations the lead concen-
trations in the mothers' blood and infants' blood

676

I((_vvu 7



Effects ofplacental transfer of lead

TABLE 2.

Kabwe Lusaka
Mine Control

(n = 122) (n =31) (n =75)

Mothers Infants Mothers Infants Infants

Bloodlead(1±/dl) 41h2±14-4 37 9±15 3 147±7±5 11-8+5-6
Hb (g/dl) 13-6± 1-4 15-2± 1-8 12-4±1-9 15-7±1-7 15-6±1-9
Packed cellvolume 41-6± 3-5 47 9± 5 6 40 3±4 5 49 8±5 2 49-3±6-2
M.C.H.C. % 32 5± 1 9 31-7± 1-7 30-8±2-2 31-5±1-6 31-6±2-7
Birth weight (kg) 3-2± 0-5 3-1 ±:0-5

Values ±s.d.

were above normal yet still maintained a sig-
nificant correlation between the two. Thereby
the infants were exposed to an unusually raised lead
concentration for most of their fetal lives. This find-
ing stimulated an enquiry into likely adverse effects
of such a raised lead on the fetus in respect of the
birth weight and the red cell values of the newborn.

Results
The results obtained from the two groups are

given in Table 2 in addition to Ezeilo's (1972) data
for seventy-five Lusaka urban infants. These lattei
figures are the only ones so far published for
Zambian cord bloods. They, and the Kabwe control
group, showed very similar values for the red cells
and, therefore, form an important base line for
comparison with the mine group. The lead level of
the Lusaka infants was not known but assumed to be
within the range of 'normal' for urban and suburban
communities. This range of 10-8-22-1 ,ug/dl has been
established by various investigators (Barltrop,
1968; Harris and Holley, 1972; Haas et al., 1972;
Rajegowda, Glass and Evans, 1972; Scanlon, 1971)
and the Kabwe control group fell within this range.

Birth weight
Lead was said to cause abortion in women who

worked in the potteries in the days before protective
measures were in operation (Hunter, 1969). Amongst
the women resident in the mine township lead did
not appear to be a contributory factor to abortion,
possibly because their mean blood lead level of 41 2
t±g/dl was not sufficiently raised. In this investigation
there was no significant difference in birth weight
between infants of the mine group compared with
the controls, their mean values were 3X2 and 3X1 kg.
respectively (Table 2). Five of the mine infants
weighed between 2X0 and 2-5 kg and three from the
control group weighed between 2-2 and 2-5 kg.
Rajegowda et al., 1972, examined 100 infants in

New York with a mean cord blood lead of 20 ,ug/dl.
Their mean birth weight was 3-2 kg and did not
differ significantly from the Zambian newborn

infants; fourteen of them had weighed less than 2-5
kg. The birth weights of these Zambian infants
compare favourably with European infants. Not
so long ago a 2-5 kg birth weight amongst Zambian
infants was the exception rather than the rule. Their
improved birth weights are perhaps due to the
better nutrition of the mothers, probably a con-
sequence of a higher family income and improved
education during the past few years.

Red cell values
Despite the better haemoglobin levels in the

mine mothers, their infants were born with lower
haemoglobin levels than the control groups. Twenty
(16%4) of the mine infants were born with haemo-
globins below 13-7 g, the minimum level of normal
(Nelson) and two (6%) of the control group were
below this figure (Fig. 3). The low haemoglobin
however was not due to lead; no correlation existed
between lead concentration and haemoglobin level.
These differences were not statistically different, nor
was there any significant difference between the mean
haemoglobins and packed cell volumes of mine
and control groups. The mean values for other
measurements of the red cells were also remarkably
similar in the mine, control and Lusaka infants
(Table 2).
The literature is deficient regarding the relation-

ship of raised lead to red cell values in cord blood.
Lead in excess is known to depress the action of
various enzymes necessary for haemsynthesis.
Levels of 40 ,ug/dl have been shown to depress 8-
aminolaevulinic acid dehydrogenase but without
affecting the haemoglobin concentration (Hernberg
and Nikkanen, 1970; Miller et al., 1970). In
addition, it has been shown that a raised blood lead
concentration reduces the life span of red cells
(De Bruin, 1971).

Conclusion
It would seem that infants can tolerate blood lead

levels in utero of 37 ,ug/dl without adverse effects
on their birth weights, haemoglobin concentrations.
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or packed cell volumes, as no significant differences
were shown in these values compared with the
controls. On the other hand, twenty (16%) mine
infants were born with haemoglobins below 13-7
g/dl and might be considered anaemic. As there are
so few published figures available for Zambian cord
bloods it is possible that the values for haemoglobins
obtained in the mine infants are, in fact, within the
normal range for this ethnic group.

Acknowledgments
I wish to thank the nursing staff at the clinic for their

co-operation, also Mr R. Poll, former Senior Laboratory
Technician and Mr A. B. Davies of Operations Research for
assistance with the statistics.

I am also grateful to Dr M. Newhouse of the London
School of Hygiene and Tropical Medicine for her advice and
helpful criticism.

Finally, I wish to thank Dr L. Glatthaar, former Medical
Adviser, for his encouragement and Dr A. H. H. Johnson,
present Medical Adviser, and the mine management, who
have done much to improve the general hygiene of the plant,
for permission to publish.

References
BARLTROP, D. (1969) Transfer of lead to the human fetus.

In: Mineral Metabolism in Paediatrics. Edited by D.
Barltrop and W. Burland, p. 1043. Blackwell Scientific
Publications, Oxford.

BARLTROP, D., STREHLOW, C.D., THORNTON, I., & WEBB,
J.S. (1975) Absorption of lead from dust and soil. Post-
graduate Medical Journal, 51, 801.

BARRY, P.S.I. (1973) Lead in Man-A review of medical
aspects of lead absorption in industrial processes. Lead
Development Association, 5.

BAUMAN, A. (1933) Zur pharmakeologie des bleis; uber die
Durchlaasigkist der Placenta fur Blei. Archiv fir Gynae-
kologie, 153, 584.

DE BRUIN, A. (1971) Certain biological effects of lead upon
the universal organism. Archives of Environmental Health,
32, 249.

EZEILO, G.C. (1972) The blood composition of African
Neonates. Medical Journal of Zambia, 6, 2, 31.

HAAS, T., WIECK, A.G., SCHALLER, K.H., MACHE, K. &
VALENTIN, H. (1972) The usual lead load in newborn infants
and their mothers. Zentralblatt far Bakteriologie, Para-
sitenkunde, Infektionskrankheiten und Hygiene: Abteilung
1, 155, 341.

HARRIS, P. & HOLLEY, M.R. (1972) Lead levels in cord blood.
Pediatrics, 49, 606.

HERNBERG, S. & NIKKAENEN, J. (1973) Enzyme inhibition by
lead under normal urban conditions. Lancet, 1, 63.

HUNTER, D. (1969) The Disease of Occupation. 4th edn, p.
259. English Universities Press Ltd.

MILLAR, J.A., CUMMING, R.L.C., BATTISTINI, V., CANSWELL,
F. & GOLDBERG, A. (1970) Lead and 8 aminolaevulinic
acid dehydratase levels in mentally retarded children.
Lancet, ii, 695.

NELSON, E.W. (1969) Textbook of Paediatrics, p. 1043.
Saunders, Philadelphia.

RAJEGOWDA, B.K., GLASS, L. & EVANS, M.E. (1972) Lead
concentration in the newborn infant. Journal of Pediatrics,
80, 116.

SCANLON, J. (1971) Umbilical cord blood lead concentrations.
American Journal of Diseases of Children, 121, 325.

WALDRON, H.A. & STOFEN, D. (1944) Sub-Clinical Lead
Poisoning. Academic Press, London. p. 21.


