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The present study was carried out to determine the lead and cadmium concentration in maternal and
umbilical cord blood and placental tissue and breast milk, evaluating forty deliveries with normal
evolution of pregnant women living in a mining-smelting town in Peru. In this study, mean
concentration of lead in the blood of both women and their neonates were 27.2 + 15.9 and 18.5 + 13.0
pg/dl, respectively with 83% of the women and 65% of the neonates having toxic levels. Mean cadmium
concentrations in maternal blood were below the safe upper limit, but 45% of women had levels above
10 pg/dl. On the other hand, the mean cadmium concentration in umbilical cord blood was 12.0 £+ 17.8
pg/dl, with 38% of neonates having levels above 10 pg/dl. The mean concentrations of lead and
cadmium in maternal milk were 108.9 + 69.4 and 5.6 * 4.3 pg/dl, respectively. In addition, lead and
cadmium in cord blood accounted for 67.8 and 136.4% compared to concentrations in maternal blood.
There was negative relationship between the concentration of lead in the umbilical cord blood and the
birth weight of the neonate (p = 0.006). From this study, it is evident that lead contamination and to
lesser extent cadmium, pose a problem in pregnant women in this region. In addition, although the
placenta appears to act as a protective barrier to the fetus, transfers of these metals to the fetus still
persist. Furthermore, the concentration of lead was quite high in maternal milk and could be an
important source of contamination to the infant. Finally, there was a negative association between the
levels of lead in the umbilical cord blood and the birth weight.

Key words: Lead in umbilical cord blood, cadmium in umbilical cord blood, lead in maternal milk, cadmium in
maternal milk, lead in placenta, cadmium in placenta, mining-smelting town.

INTRODUCTION

Lead contamination has been related to a number of
health problems, growth and psychomotor retardation in
children, alterations in hearing, hematopoietic, central
and peripheral nervous system, urinary, gastrointestinal,
cardiovascular and endocrine system in adults

(Needleman, 1998). Furthermore, carcinogenic, neurolo-
gical damages, and cognitive and behavioral alterations
have been linked to lead toxicity (Corey and Galvéo,
1989). Lead contamination during pregnancy has been
shown to increase the risk for abortions, premature
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births and prenatal deaths (Andrews et al., 1994) and
weight, height and head circumference of newborns
(Osman et al., 2000).

Lead enters the organism mainly via breathing, and
through skin contact. It is thought that concentrations of
lead in blood reflect recent exposure, while the
concentrations in hair and bones reflect chronic toxicity
(Kim et al., 1995). Furthermore, it has been suggested
that lead can be stored in bones for up to ten years and
that there is an active transfer between bone and the
blood stream, especially during pregnancy and breast-
feeding (Corey and Galvao, 1989). It has also been
observed that lead deposits in the placenta usually reflect
exposure to these metals during pregnancy (Reichrtova
et al., 1998). Thus, it has been surmised that placenta
could be a thin protective barrier to the fetus (lyengar and
Rapp, 2001c; Durska et al., 2002; Bellinger et al., 1987).

With respect to cadmium, the main routes of
contamination are via breathing and consumption of
contaminated food and water (International Programme
on Chemical Safety (IPCS), 1992). Smokers are the most
exposed due to the amount of cadmium in cigarettes
(Florek et al., 2004; Falcon et al.,, 2003). Elevated
concentrations of cadmium in the human body cause
severe stomach and lung alterations, which in turn
increase the risk of death due to respiratory insufficiency
(Nordberg, 2004). Acute intoxication causes abdominal
pain, nausea and diarrhea whereas chronic exposures to
low levels of cadmium can produce kidney damage,
pulmonary emphy-sema, lung cancer, hypertension, liver
and testicles damage, and alterations to the immune and
nervous systems (IPCS, 1992). It has been observed that
cadmium concentrations in the placenta of pregnhant
women are higher than those in both maternal blood and
umbilical cord blood and that maternal blood
concentration are lower than those in umbilical cord
blood, showing that this organ appears to be a protective
barrier (IPCS, 1992; Nakano et al., 1989; Galicia-Garcia
etal., 1997).

Less is known about the placental transfer of cadmium
and its possible fetal effects than is known about lead.
How the metabolism and transport of these metals is
linked is not well understood, or is clear what effects are
due to toxicity per se or to deprivation of essential metals
(Goyer, 1995). How the placenta functions as a barrier to
cadmium is not well understood. The essential minerals
in fetal blood are similar to or even higher than those of
the mother, but for toxic minerals the placenta would
have protective functions. The placenta constitutes an
effective barrier against cadmium (Nakano et al., 1989)
and lead (Korpela et al., 1986; Romero et al., 1990;
Plockinger et al., 1993; Phuapradit et al., 1994; Dussias
et al., 1997; Li et al., 2000).

In Peru, it has been reported that the mean blood lead
levels of adults living in a section of Lima and in some
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Andean cities are higher than the upper safety limit is 10
ug/dl (Ramirez et al.,, 1997). Another study on adult
workers occupationally exposed and furnace workers of
the metallurgic town of La Oroya showed cadmium blood
concentrations greater than 10 ug/dl (Gomez and Lizano,
1977). To our knowledge, there is only one study
completed in La Oroya which has shown that pregnant
women have high mean blood lead concentrations (Union
para el Desarrollo Sustentable de la Provincia de Yauli —
La Oroya (UNES), 1999). Therefore, a study was con-
ducted to confirm contamination with lead and cadmium
in pregnant women and transfer of these metals to the
fetus during pregnancy. The specific objective was to
determine the lead and cadmium concentration in
maternal and umbilical cord blood and placental tissue
and breast milk in women living in a mining-smelting town
in Peru.

MATERIALS AND METHODS
Study location and duration

Yauli (La Oroya) is a district with approximately 58,990 inhabitants
in 2002 (Instituto Nacional de Estadistica e Informética (Peru),
2009) living near poly-metals refining and melting plants. The city is
located at 3,730 meters above sea level and it is geographically
divided into three well-known sections: Old La Oroya, where the
furnace is located, New La Oroya, where the actual refinery is
located, and other areas mostly around the city. Approximately
8,000 women at fertile age were exposed to pollution with lead and
other heavy metals. Sample collection was carried out at Hospital Il
ESSALUD in the city of La Oroya. The sample collection stage was
completed in a period of 4 months; from October, 2003 to January,
2004. Sample processing was carried out between February and
April, 2004. The analyses of lead and cadmium concentration were
realized in Peruvian Institute of Nuclear Energy Chemistry
laboratory.

Study design

The design corresponds to a prospective cross-sectional study,
considering that the evaluation of the 40 deliveries and sampling of
maternal and umbilical cord blood and placental tissue samples
were completed in only one stage.

Study population

The study was conducted in pregnant women who had normal
pregnancies (= 37 weeks), had been residing for at least one year
in the city of La Oroya and had sought medical attention at the
Hospital Il of ESSALUD. This hospital normally attends to 90% of
the births in the city. The study sample included all pregnant
women who wanted to participate voluntarily in the study and who
had received attention during childbirth at the hospital. Women
were included into the study if they complied with the following
criteria; normal pregnancy (> 37 weeks) had been living for at least
one year in La Oroya, with no past-history of chronic illnesses, and
were voluntarily willing to accept to be part of the study. At the end
of the field study, 40 subjects who had complied with the study
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Table 1. Results of reference materials (mg.kg™ ,dry weight) (n = 6).

Dogfish muscle

Simulated diet F

Element
Lab value RM value Lab value RM value
Cd 0.044+0.010 0.043+0.008 0.92+0.20 0.877+0.045
Pb 0.068+0.010 0.065+0.007 0.477+0.070 0.439+0.026

criteria were evaluated. These women lived either in Old Oroya,
New Oroya or other area of the city. All subjects provided informed
signed consent before their participation.

Sample collection and analysis

Maternal blood samples (10 ml) were taken before birth. After the
reception of the newborn, 10 ml of blood of the umbilical cord was
taken when the placenta was still in-uterus. In all cases was
collected 10 ml of blood using tubes with anticoagulant and mineral
free. All samples were then coded and stored in a freezer (-18°C)
until processing. Placenta was dried with sterile gauze and divided
into four quadrants, taking samples of 50 g of each quadrant in
order to have 200 g of fresh sample, which was placed in sterile
bags and carried freezing, following the method by lyengar et al.
(2001a, b). Breast milk samples were taken by extraction on the
thirteenth day of delivery. Samples were transported to the Lima
city every weekend for storage until the field work was completed.

All maternal and umbilical cord blood samples and placental
tissue samples were unfrozen, placental tissue samples were dried
and grinded, following the recommendations of lyengar et al.
(2001a, b, c). The drying was done by placing the samples in a
Petri dish and heating them in a stove for 6 h at 70°C (Association
of Official Analytical Chemists (AOAC), 2000). The dried samples
were afterwards grinded by placing them in a double paper bag and
using glass rollers for manual pressure grinding. The finely grinded
samples were then stored in 5 ml glass bottles which had been
previously washed with de-ionized water and transported to the
Chemistry laboratory for analysis (lyengar and Rapp, 2001b, c;
lyengar, 1997). Three hundred mg of sample was digested with
nitric and perchloric acids ultrex quality. Then samples were diluted
to 10 ml with pure water. Palladium matrix modifier and Zeeman
background correction were used in the analysis. Analytical blanks
were also considered. Two reference materials, DORM-2 dogfish
muscle and Simulated diet F were used to ensure the quality data
produced in the analysis of plasma and breast milk, respectively.
The good agreements with the obtained results provide quality
assurance to the reported data (Table 1).

Statistical analysis

Data analysis was done using the statistical software (SPSS V.15).
Associations between variables were examined by Pearson’s
correlation analysis. Analysis of variance (ANOVA) was used to
compare differences in mother's age, years of residency, and
number of previous births, birth weight of the infant and lead and
cadmium concentrations in maternal blood, maternal milk, placenta
and umbilical cord between the three geographical areas within La
Oroya. Multivariate stepwise and linear regression analyses were
used to determine whether mother’s age, place of residency, years
of residency, and number of previous births or the birth weight and
sex of the infant predicted lead or cadmium concentrations in
maternal blood. A second set of models, which also included
maternal blood concentrations, were used to predict concentrations

in placenta. A third set of models, which also included concen-
trations in placenta, were used to predict concentrations in the
umbilical cord. In addition, linear and stepwise regression analyses
were used to assess whether mother’'s age, place of residency,
years of residency and maternal lead concentrations predicted
maternal breast milk concentrations. Finally, linear and stepwise
regression analyses were used to determine which variables
predicted the birth weight of the neonates.

Ethical aspects of the study

The protocol was reviewed by the research committee of the
Institute of Agrarian University La Molina. All pregnant women were
informed of study and they expressed consent for their voluntary
participation and their cooperation in this study.

RESULTS
Subject characteristics

The characteristics of the study population are shown in
Table 2. Out of the women studied, nine were from Old
La Oroya, twenty-one from New La Oroya and ten from
other areas of the city, but their work was confined to Old
La Oroya. There were no significant differences in the
age, years of residency or the birth weight or sex of the
children between the three groups of women.

Lead and cadmium concentrations

Mean lead and cadmium concentrations are shown in
Table 3. In general, the mean * standard deviation (SD)
lead blood concentration of women was 27.2 + 15.9
po/dl, with 33 out of 40 (82.5%) having blood lead con-
centrations above the recommended upper safety limit of
10 pg/dl. Similarly, the mean + SD lead concentration in
blood of neonates (that is, the umbilical cord blood) was
18.5 £ 13.0 pg/dl, with 26 out of 40 (65%) having lead
concentrations above the aforementioned recommended
upper safety limit. The mean * SD placenta lead
concentration was 364.0 + 314.5 ug/dl. Furthermore, the
mean +SD maternal milk lead concentration was 108.9 +
69.4 pg/dl, which also was significantly higher than that
for maternal blood (p < 0.001).

On the other hand, mean +SD cadmium blood concen-
trations in women were lower than that for lead (8.8 £ 7.0
po/dl), but 18 out of 40 (45%) had blood cadmium
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Table 2. Characteristics of the study population by geographical area.

Variable Total Old La Oroya New La Oroya Other areas
(n=40) (n=9) (n=21) (n=10)
Age of mother (y)* 28.915.6 29.7+5.0° 27.845.7° 30.7+5.8°
Years of residency’ 16.5+10.6 18.7+12.5° 15.2+10.2° 17.2+10.3%
Number of previous births® 1.6+1.4 2.1+¥1.5% 1.1+1.0° 2.1+¥1.5%
Birth weight of child (g) * 3186.8+393.7 3253.3+482.8% 3102.4+374.3*  3304.0+341.5%
Sex of child 22M/18F 4M/5F 14AM/7F AMI6F

'Means with the same superscript within geographical area are not significantly different (p>0.05, Tukey’s test). M: Male

F: Female.

Table 3. Mean +SD lead and cadmium concentrations of maternal blood,
milk, placenta and umbilical cord blood (n=40).

Variable

Lead (Mean+SD) Cadmium (MeantSD)

Maternal blood (pg/dl) 27.2£15.9 8.8+7.0
Placenta (ng/g) 364.0+£314.5 104.4+108.9
Umbilical cord blood (pg/dl) 18.5+13.0 12.0+17.8
Maternal milk (ug/dl) 108.9+69.4 5.6+4.3

concentrations above the recommended upper safety
limit of 10 pg/dl. Similarly, the mean £SD cadmium blood
concentration of neonates was also lower than that for
lead (12.0 £ 17.8 pg/dl), but 15 out of 40 (37.5%) had
cadmium concentrations above the recommended upper
safety limit. The mean + SD placenta cadmium concen-
tration was 104.4 + 108.9 pg/dl. The mean £SD maternal
milk cadmium concentration was 5.6 + 4.3 pg/dl, which
was significantly lower than that for maternal blood.

No significant correlations were found between lead
concentrations in maternal blood and lead concentrations
in maternal milk, place of residency, years of residency,
number of previous births, and sex or birth weight of the
child. Nevertheless, a significant positive correlation was
found between maternal lead blood concentrations and
umbilical cord concentrations (p = 0.042) (Figure 1).

Furthermore, after excluding possible outliers, a signifi-
cant positive correlation was also observed between lead
in maternal blood and lead in placenta (p < 0.001) (Figure
2). Regarding cadmium, no significant correlations were
found between cadmium concentrations in maternal
blood and cadmium concentrations in umbilical cord or
maternal milk, place of residency, years of residency,
number of previous births, and sex or birth weight of the
child. A positive and significant relationship was observed
between maternal blood cadmium concentrations and
placenta cadmium concentrations (p < 0.001) (Figure 3).

Mean lead and cadmium concentrations by
geographical region are shown in Table 4. There were no

significant differences in the mean lead concentration in
maternal blood, maternal milk or placenta between the
three different geographical areas of La Oroya. The mean
lead concentration in the umbilical cord appeared to be
lower in New La Oroya compared to Old La Oroya and
other areas, but this difference was slightly non-
significant (13.9 £ 12.0 versus 22.6 + 9.4 and 24.4 £ 15.1
pg/dl, respectively; p = 0.58). On the other hand, the
mean cadmium concentration in the blood of women
living in Old La Oroya was significantly higher than that of
the women who lived in New La Oroya (14.1 + 6.5 versus
7.1 £ 7.3, respectively; p = 0.029). Furthermore, the
mean concentration of cadmium in the umbilical cord of
neonates of New La Oroya was significantly lower than
that for neonates of the other areas (24.1 + 15.2 versus
3.7 £ 4.3 ug/dl, respectively; p = 0.005).

Trans-placental transfer of lead and cadmium

Regarding the trans-placental transport of lead and
cadmium in pregnant women of La Oroya, for the lead it
was 67.8% (27.2 ug/dl in maternal blood versus 18.5
ug/dl in umbilical cord blood) whereas cadmium of
umbilical cord blood was 36.4% more that in maternal
blood (8.8 ug/dl in maternal blood versus 12.0 ug/dl
inumbilical cord blood). Concentrations of lead in
maternal blood were significantly higher than those for
the umbilical cord blood (p = 0.002). On the other hand,
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Figure 1. Relationship between lead concentration in maternal blood and umbilical

cord blood.

Table 4. Mean + SD lead and cadmium concentrations of maternal blood, milk, umbilical cord

blood and placenta of women by geographical region within La Oroya (n=40).

Variable Old LaOroya New LaOroya Other areas

(n=9) (n=21) (n=10)
Lead
Maternal blood (pg/dl) 36.9+14.5° 23.8+17.2° 25.7#11.5*  0.110
Placenta (ng/g) 547.8+393.4%°  285.4%251.5° 363.6+320.0° 0.110
Umbilical cord blood (ug/dl) 22.629.4% 13.9+12.0° 24.4+15.1*  0.058
Maternal milk (ug/dl) 122.7+21.1° 102.2#89.4*  110.6+49.0° 0.770
Cadmium
Maternal blood (ug/dl) 14.1+6.5% 7.1£7.3° 7.7#4.4%"  0.032
Placenta (ng/g) 169.3+76.3% 89.3+114.7% 77.8+106.8° 0.120
Umbilical cord blood (ug/dl) ~ 18.0£28.9% 3.7+4.3% 24.1+15.3°  0.004
Maternal milk (ug/dl) 6.246.3° 4.8+1.8° 6.945.7° 0.420

Means with different superscript are significantly different (p<0.05, Tukey’s test).

the concentrations of cadmium in the umbilical cord blood
were not significantly different than those for maternal
blood. Finally, the concentrations of both lead and
cadmium were significantly higher in placenta than in
maternal and umbilical cord blood (p < 0.001).

Regression analyses

The linear and stepwise regression models used to
predict the concentration of lead in maternal blood were
not significant. The same was observed for the linear and
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Figure 2. Relationship between lead concentration in maternal blood and
lead concentration in placenta. (a) Includes all subjects and (b) excludes
possible outliers (within dotted region of a).

stepwise models used to predict the concentration of lead
in placenta. Nevertheless, maternal lead concentrations
showed a tendency to positively predict levels of lead in
placenta, given that its coefficient was only marginally
non-significant (p = 0.06). On the other hand, the linear
model used to predict lead concentration in the umbilical
cord blood was significant (p = 0.008), with age of the
mother, number of births, and lead concentration in

maternal blood having significant contributions to the
model (Table 5). However, when the same variables
were included in the stepwise regression model, only
maternal blood concentrations positively predicted the
concentration of lead in umbilical cord blood (p = 0.042)
(Table 5). The linear model used to predict the concen-
tration of cadmium in maternal blood was not significant.
Nevertheless, when the same variables were included in
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Table 5. Linear (A) and stepwise (B) regression standardized
coefficients of lead in maternal blood, lead in placenta, place of
residence, years of residence, age of mother, number of births on
umbilical cord blood lead concentration®.

Variable 3 coefficient P
A. Linear regression analysis

Lead in maternal blood 0.32 0.039
Lead in placenta 0.03 0.82
Place of residency 0.19 0.19
Years of residency 0.13 0.39
Age of mother -0.48 0.013
Number of births 0.39 0.035
B. Stepwise regression analysis

Lead in maternal blood 0.32 0.042
Lead in placenta 0.08 0.64
Place of residency 0.15 0.37
Years of residency 0.07 0.68
Age of mother -0.10 0.52
Number of births 0.08 0.61

(A) "p-value of model = 0.008, (B) ‘p-value of model = 0.042.

the stepwise regression the variable place of residency of
the women was only marginally non-significant as a pre-

dictor (p = 0.052). The linear model used to predict
cadmium concentration in the placenta was significant (p
< 0.001), with cadmium concentration in maternal blood
being the only variable to significantly contribute to the
model (Table 6). The same results were obtained after
the stepwise regression model was used. Neither model
used to predict the concentration of cadmium in umbilical
cord blood was significant. Neither the linear or stepwise
regression models, with place of residence, years of
residence, age of mother and maternal blood
concentrations as independent variables, explained lead
or cadmium concentrations in breast milk. None of the
variables related to lead predicted birth weight, although
the concentrations in umbilical cord were only marginally
non-significant (p = 0.07).

Furthermore, none of the variables related to cadmium
predicted birth weight. However, when all variables were
included in the same model, there was negative and
significant relationship between birth weight of the
neonate and lead concentrations in the umbilical cord
blood (p = 0.04).

All regression analyses were repeated, but only
including those mothers with blood lead and cadmium
concentrations above the upper safety limit of 10 pg/dl.
Interestingly, the number of years of residency showed a
tendency to predict maternal lead concentrations,
although this was marginally non-significant (p = 0.07).
On the other hand, the number of previous births was



Table 6. Linear regression standardized coefficients of
cadmium in maternal blood, age of mother, place of
residency, number of previous births, birth weight of infant,
and sex of infant on placenta cadmium concentration®.

Variable 3 coefficient p

Cadmium in maternal blood 0.798 <0.001
Age of mother -0.039 0.790
Place of residency -0.033 0.770
Number of previous births 0.156 0.270
Birth weight of infant -0.011 0.920
Sex of infant -0.124 0.290

"p-value for model < 0.001.

positively related to the levels of cadmium in placenta (p
= 0.005). Finally, a negative and significant relationship
between birth weight and lead concentrations in the
umbilical cord blood was found (p = 0.006), which
became stronger if the variable years of residency was
also included in the model (p = 0.002).

DISCUSSION

Environmental contamination of heavy metals, such as
lead and cadmium, is a health risk with many adverse
consequences (Andrews et al., 1994; Bellinger et al.,
1987; Corey and Galvao, 1989; Dudek, 1993; Falcon et
al., 2003; Nordberg, 2004). This is especially true for
populations living in metallurgic cities (Baghurst, 1992;
Mahaffey et al., 1983). The results of this study indicate
that a proportion of pregnant women who live in La
Oroya, a Peruvian city with both poly-metals refining and
melting plants, have high concentrations of lead and/or
cadmium in their blood. Furthermore, 65% of neonates
had high umbilical cord blood lead concentrations and
38% had high cadmium concentrations in umbilical cord
blood.

The mean concentration of lead in the blood of the
women of this study is similar, but somewhat lower than
those found by previous studies conducted in the same
area (Ramirez et al., 1997; UNES, 1999). On the other
hand, the mean cadmium concentrations were compara-
ble to those found on one previous study (Gomez and
Lizano, 1977). Thus, it seems that the population of La
Oroya does suffer from chronic contamination of heavy
metals. Given that the city is geographically divided into
three distinct areas in relation to their closeness to the
mining melting plant, the study also attempted to
determine whether lead and/or cadmium toxicity were
related to the geographical location of the different areas
of the city. Nevertheless, no clear relationship was found
between geographical location with lead and cadmium
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concentrations in pregnant women, even though the
three groups were comparable with respect to age and
the number of years of residency in La Oroya. It is
possible that this occurred because the study population
lived scattered throughout the city and not directly in the
path of the fumes blown by the wind. On the other hand,
it is also possible that the sample size was not big
enough to detect differences between the three areas.

Given that it was observed that the concentrations of
both lead and cadmium were significantly higher in the
placenta than both maternal and umbilical cord blood, it
would appear that the placenta does retain these metals
during pregnancy and act as a protective barrier to the
fetus. This appeared to be especially true for lead, given
that the trans-placental transfer to the fetus was around
68% and that the concentration of lead in the umbilical
cord blood was significantly lower in the umbilical cord
blood compared to maternal blood. The trans-placental
lead gradient found in this study is somewhat lower than
that found in other populations (Durska et al., 2002;
Bellinger et al., 1987; Dussias, 1997). On the other hand,
it was not as clear in the case of cadmium as the
concentrations of this metal in umbilical cord blood were
similar to those in maternal blood and the trans-placental
transfer was very high, 36% more to the mothers.

Nevertheless, it should be noted that lead and
cadmium deposits in the placenta appear to reflect
exposure to these metals throughout the pregnancy
period, while it is thought that concentrations of lead in
blood reflect more recent exposure. All of this does not
take away the fact that the mean concentration of both
lead and cadmium in the umbilical cord blood were higher
than the upper safety limit indicating that toxicity of these
metals occurs and they are being transferred to the fetus
during pregnancy; results confirm reports that said the
maternal blood lead easily crosses the placenta and its
level in umbilical cord blood is similar to mother (Goyer,
1990; Romero et al., 1990; Li et al., 2000; Furman and
Laleli, 2001; Druska et al., 2002) and for cadmium case,
what is clear in this research is that the placenta plays a
complex and active role in reducing transfer of cadmium
from mother to fetus. Studies relating maternal and
umbilical cord blood cadmium levels have shown that
there is a maternal-fetal gradient and that the placenta
serves as a partial barrier to transplacental transport of
cadmium (Goyer, 1991; Nakano et al., 1989).

It appears that the concentration of lead in maternal
blood during pregnancy could predict the expected
concentration of this metal in the umbilical cord blood.
Nevertheless, the same was not observed for cadmium.
On the other hand, when the analyses were done with
only those women who had blood concentrations
considered toxic, the number of years of residency in the
area tended to predict the concentration of lead in
maternal blood. It is possible that the sample size of the
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study hindered these analyses. We found that the
concentration of lead in breast milk was high, significantly
higher than that of maternal blood, which could indicate
that lead is accumulating in the mammary gland.
Therefore, the newborns received significant amounts of
lead not only the mother, through the placenta, but in
breast milk after birth.

Interestingly, the birth weights of the study children
were in general normal, only two children (5%) having
low birth weight. Nevertheless, a negative and significant
relationship between birth weight of the neonate and lead
concentrations in the umbilical cord blood was observed.
Similar results has been reported by other authors
(Bellinger et al., 1991; Gonzales-Cossio et al., 1997; Kaul
et al., 2002). In this, there are conflicting reports on effect
of fetal lead exposure and birth weight. Certain works
have reported an increase in birth weight (Factor-Litvak
et al., 1991; Wang et al., 1989) while others have
reported either no effect or decrease (Nordstrom et al.,
1979; McMichael et al., 1986). Furthermore, the relation-
ship appears to be stronger if only those women with
toxic levels of lead in blood are included in the analysis.
This observation is consistent with at least one previous
study, which showed the same relationship between
these two variables (Lopez-Lara et al., 2000).

Conclusion

It is evident that the population living in La Oroya have a
serious problem of environmental contamination with
heavy metals, as exemplified by the levels of lead and
cadmium observed in the blood of pregnant women and
their neonates. Furthermore, although it seems that the
placenta might act as a protective barrier to the fetus, it
appears that in this population the fetus is still being
irrigated with blood which contains high levels of both
lead and cadmium. Our results suggest that the amount
of lead and cadmium accumulated in placenta and their
transfer to fetus is strongly influenced by the lead and
cadmium body burden of the mother. Finally, although in
general the birth weights of the neonates were normal,
these had a negative relationship with the concentration
of lead in the umbilical cord, which might be cause for
concern.
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