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Abstract Lead levels in human breast milk and blood
plasma or serum were analyzed and qualitatively their
intelligence quotient (I.Q.) studied. Samples at different
stages of lactation, from 5 days to 51 weeks post partum,
were collected from 25 healthy breast-feeding mothers in
Ranipet Industrial area of Vellore district of Tamil Nadu
and from 25 lactating mothers in the non-industrial areas of
the same district. The samples from mothers in non-
industrial area showed lower lead levels ranging from 5 to
25 pg/L. whereas samples from mothers in industrial area
showed higher lead levels ranging between 15 and 44.5 pg/L.
It was generally noticed that the lactating mothers from
industrial area have lower 1.Q. levels compared to mothers
from non-industrial area.
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Several aspects of human feeding have similar biological
relevance as feeding breast milk during the early stages
of pregnancy and during the initial postnatal months
(Koletzko et al. 1998) and it is widely accepted that human
milk provides all the required nutrients, including essential
trace elements required by the normal term newborn infant
(Bates and Prentice 1994). Conversely, human milk can
also be a transfer medium for undesirable (toxic) elements
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from the mother to the infant. The nutritional factors of the
lactating woman influence structural, hormonal and
behavioral aspects of the infants (Chierici et al. 1998).
Lead (Pb), cadmium (Cd) and mercury (Hg) are potentially
toxic heavy metals with hematotoxic, neurotoxic, and
nephrotoxic effects even at very low concentrations (Yang
et al. 1997). Infants are understandably more vulnerable to
heavy metal exposure because of their rapid growth, the
physiologic immaturity of their organs and the suscepti-
bility of the sensitive central nervous system during the
first year of their lives. Infants and young children may
absorb as much as 50% of dietary Pb compared to only
10% by adults.

During lactation, Pb is thought to be transported from
maternal plasma to mammary gland (Namihira et al. 1993)
and secreted into breast milk along with copper (Cu) and
zinc (Zn). However, the interaction between Pb and Cu or
Zn has not been understood clearly, particularly in breast
milk. There is a good level of understanding the role of
major nutritional elements like calcium (Ca), magnesium
(Mg), phosphorus (P), sodium (Na) and potassium (K) in
breast milk during the growth and development of the
infants but the effects of Pb on their metabolism have not
been sufficiently investigated (Ziegler et al. 1978). Espe-
cially Ca in breast milk is reported to come from maternal
bone because of a decrease in maternal bone density
noticed during the lactation period. However, the effect of
Pb exposure on Ca or other elements related to Ca
secretion in human breast milk is also not clear. The
purpose of this study was to quantify Pb levels in human
breast milk, plasma serum and understand if these levels
have any effect on the intelligence quotient (I1.Q.) of
women living around industrial area (Set A) in comparison
with women living in non-industrial areas (Set B) of
Vellore district.
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Materials and Methods

The subjects were 50 women aged 2045 years, compris-
ing 68% of the women who delivered their infants at
Hospitals, within Vellore who had sufficient breast milk to
provide samples after feeding their babies. The subjects
were all Tamilians from South India and from industrial
and non-industrial areas of Vellore district. More than 70%
of them were housewives whose most common job before
marriage was office work where heavy metal accumulation
in their body is a rarity. Several subjects donated samples
at various stages of their lactation. Each subject obtained
code identification (PbIA 01-25 for Industrial mothers, and
PbNIA 26-50 for non-industrial mothers) and had to fill out
a personnel questionnaire (Tables 1, 2). Altogether, breast
milk samples from 5 days to 51 weeks post partum were
collected in this study (Gulson et al. 1998). Therefore, the
samples comprised both transitory and mature milk. There
were no significant differences in nutritional status or
health management practices between the subjects who

Table 1 Data of participating breast-feeding mothers from industrial
area, Vellore district (South India)

participated in the present study and those who did not
(Richard et al. 2003). Informed consent for this study was
obtained from all subjects in the appropriate manner.
Information about occupational exposure to Pb, residence
in a Pb contaminated area and passive smoking was
obtained via a questionnaire filled out by the subjects
themselves.

Woodcock-Johnson Tests of Cognitive Abilities-III was
performed to check whether the 1.Q. levels of mothers from
both industrial and non-industrial areas are low (Richard
et al. 2003). Mothers were assessed, with tests vocabulary,
spatial pattern analysis, quantitative ability, and memory.
Composite score mean (+SD), was used to represent 1.Q.,
because it is similar to the 1.Q. score of other intelligence
tests. A different examiner administered an abbreviated
Woodcock-Johnson Tests at each age. Examiners were
unaware of mother’s lead levels. An 1.Q. under 70 is
considered as “mental retardation” or limited mental
ability. However, it should be understood that even low
blood Pb levels (BPb) levels can also be harmful as it is

Table 2 Data of participating breast-feeding mothers from non
industrial area, Vellore district

Subject Age Height Weight Lactation Additional Subject Age Height Weight Lactation Additional
codes (years) (cm) (kg) periods children (n) codes (years) (cm) (kg) periods children (n)
(weeks) (weeks)

PbIAOl 35 166 60 1 PbNIA26 30 165 73 4 0
PbIAO2 39 171 55 0 PbNIA27 44 153 47 5 1
PbIAO3 41 165 71 16 1 PbNIA28 32 160 65.5 7 2
PbIAO4 32 156 65 15 0 PbNIA29 32 157 67 4 0
PbIAO5 38 163 60 0 PbNIA30 40 180 68 2 1
PbIAO6 30 165 75 . 2 PbNIA31 29 173 59 4 0
PbIAO7 28 143 65 4 2 PbNIA32 36 168 57 3 1
PbIAOS 33 163 57 12 0 PbNIA33 41 162 59 2.5 1
PbIAO9 31 165 75 5 2 PbNIA34 35 160 47 4 2
PbIA10 33 165 72 3 2 PbNIA35 32 176 65 3 1
PbIA1l 35 171 55 7 0 PbNIA36 37 175 69 3 0
PbIA12 35 165 75 5 2 PbNIA37 26 158 64 2 1
PbIA13 36 163 66 7 0 PbNIA38 33 164 61 1 0
Pblal4 33 160 60 5 0 PbNIA39 4] 153 66 5 0
PbIA1S 30 164 51 2 0 PbNIA40 34 167 68 3 1
PbIA16 32 143 61 10 0 PbNIA41 34 163 71 2 0
PbIA17 33 155 50 11 0 PbNIA42 36 158 53 1 1
PbIA18 30 160 57 2 0 PbNIA43 38 169 67 2 0
PbIA19 31 163 67 4 0 PbNIA44 35 159 56 2 1
PbIA20 29 143 51 12 1 PbNIA45 33 170 75 3 0
PbIA21 27 144 50 2 0 PbNIA46 32 158 62 1.5 0
PbIA22 25 165 57 12 0 PbNIA47 32 169 70 3 1
PbIA23 29 133 51 4 0 PbNIA48 29 161 50 1 0
PbIA24 29 166 53 12 0 PbNIA49 31 160 58 3 0
PbIA25 30 143 51 12 0 PbNIASO 32 170 61 4 0
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well reported that BPb levels of 10 pg/dl lowers the 1.Q. by
3-5 points.

Plasma/serum and transitory milk samples were col-
lected into polypropylene tubes on the 5th post partum day
or 8th day in subjects with delayed milk excretion because
of cesarean section (CS). The samples were kept frozen at
—20°C until analyses. The working solutions were pre-
pared daily by accurate dilution with Millipore water. All
blood samples were collected after a 12 h overnight fast.
Whole blood was collected in ethylene diamine tetraacetic
acid (EDTA) tubes (Vacutainer® Becton Dickinson) and
contamination in the collection and handling of samples
was avoided (Grandjean et al. 1995; Pronczuk et al.
2002). Atomic absorption spectrophotometer (Perkin
Elmer, A Analyst 200) was used for estimation of Pb levels
(Casey et al. 1989; Hannan et al. 2005).

The average levels of the metal for each mother from
Set A was obtained from two or more specimens prepared/
digested from the same sample and triplicate measurements
of each digest; then, the mean of the mean was formed and
expressed as arithmetic mean (SD). The Pb levels in breast
milk samples were observed to be between 5 and 65 pg/L
in samples from Set A while these levels were found to be
21.5 and 13.21 pg/dL in the milk of samples from Set B.
(Figs. 1, 2) shows Pb levels observed in different breast
milk samples donated from Set A and Set B subjects. It
could be seen that the Pb levels were higher in Set A
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samples and showed significant difference from Set B
samples of Vellore district.

It is assumed that the passage of these trace elements
from blood to milk does not occur by passive diffusion but
by regulated transport through the mammary gland epi-
thelium (Domell et al. 2004). The levels of trace elements
and toxic elements in breast milk can vary considerably
during the course of lactation. For instance, the levels of
the essential elements molybdenum (Mo) or zinc (Zn) were
found to be reducing with duration of lactation (Rossipal
and Krachler 1998). In addition, the concentrations of the
toxic elements, mercury (Hg) and lanthanum (La) were
higher in colostrums than in mature milk (Wappelhorst
et al. 2002).

Results and Discussion

However, in the present study a significant decline in the
Pb levels was noticed in the breast milk of the Set B
mothers in comparison with samples from Set A mothers.
Pb concentrations in breast milk and blood plasma samples
of the lactating mothers from Set A and Set B are shown in
Table 3.

All Pb concentrations in the human plasma samples
from Set B mothers, except two, were in the order of
10 pg/L. However, the serum samples of Set A mothers
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Fig. 1 Mean lead (Pb) concentrations in human breast milk of
lactating mothers from Set B as a function of time after delivery
(weeks post partum)

Fig. 2 Mean lead (Pb) concentrations in human breast milk of
lactating mothers from Set A as a function of time after delivery
(weeks post partum)

Table 3 Concentration of lead

in breast milk and blood plasma/ Milk Is\:r)ﬁ ol; (n) Farﬁj I(VIG?E) ?/Ie(/illjn n<LOQ
serum of lactating mothers Sampres HE He HE
living around industrial (Set A) Set ‘B’ 25 9-21 1321 (5.2) 13 4
and non-industrial areas (Set B) ) ’
Set ‘A’ 25 15-25.5 21.5 (4.5) 18 3
Plasma/ No. of Range Mean Median n < LOQ®
serum samples (n) (ng/L) (pg/L) (pg/L)
@ Non-industrial area (Set B) Set ‘B’ 25 10-13.5 10 (4.8) 11 3
b Industrial area (Set A) Set ‘A 25 18.5-44.5 354 (11.4) 38
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from showed Pb values ranging from 18.5 to 44.5 pg/L.
These higher Pb levels in the serum of Set A mothers,
compared to Set B mothers could be because of a higher
daily Pb intake by ingestion or inhalation. Pb is immedi-
ately taken up at high rates from inhalative exposure and is
transported via blood to other organs, as demonstrated in an
animal experiment from Shiao-Shan et al. (1988). A pos-
sible source of Pb in the ambient air could be the wide-
spread use of catalysts in automobiles and the usage of Pb
in various industries like paints, pigments, steels and dyes
etc. (Gundacker et al. 2002; Sharma and Pervez 2005).
Thus, a higher intake of Pb by inhalation of Pb in partic-
ulate matter could be argued due to the water contamina-
tion of industrial areas.

The most interesting aspect in the present study is the
interaction between Pb and major nutritional and trace
elements (Eckhardt et al. 2001; Myers and Davidson 2000)
in breast milk, because the nutritional function of milk is
important for infant health. In the liver or kidney, the
interactions of Zn and Pb or Cu and Pb are well known
from the earlier literature, but their relation in breast milk is
not clearly reported. The differences in the secretion
mechanisms, in which metallothionein is not involved,
between Pb and Cu or Zn in breast milk, need to be
investigated further (Taylor et al. 2005; Rydzewska and
Krol 1996). The mean lead (Pb) concentrations in human
breast milk of lactating mothers from Set A and Set B are
categorized with regard to age (Fig. 3).

Fig. 3 Mean lead (Pb)
concentrations in human breast
milk of lactating mothers from
Set A and Set B are categorized
with regard to age
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The Woodcock-Johnson Tests of Cognitive Abilities-III
carried out to know the 1.Q. levels of Set A and Set B
mothers. The results from the [.Q. test were interesting as
the 1.Q. levels of Set A mothers was observed to be lower
as compared to Set B mothers, which might have relevance
to higher Pb exposure of Set A mothers. The 1.Q. levels
compared with lead levels are shown in Fig. 4.

The present study brings out a reasonable understanding
on increased Pb levels in breast milk, plasma and inter-
estingly, makes an observation of low L.Q. levels of women
living around the industrial areas of Vellore district in
comparison with mothers living in non-industrial areas the
details of which will be a target of future work.

The results in the present study show that the higher
levels of Pb in mother’s milk can be because of enhanced
intake of Pb by mothers in industrial areas of Vellore
district, compared to mothers in non-industrial areas,
through particulate matter emissions due to large number
of steel, paint and chemical industries. Depending on the
levels of Pb in the environment, varying Pb values in
plasma/serum could be present. An increased level of Pb in
human breast milk and plasma/serum could be explained
because of continuous exposure to the polluted environ-
ment. Hence, the infants are expected to have higher intake
of Pb through mother’s milk and therefore, are exposed to
potential health related issues based on Pb levels and
associated toxicity, which is of a serious concern to the
society and needs to be addressed.
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Fig. 4 1.Q. test results compared with lead levels in breast milk for Set A and Set B samples
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