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ABSTRACT
Toxic metals such as cadmium and lead have an ability to cross the placental barrier. Some research
show that lead, but not cadmium crossed easily the placental barrier. Cadmium accumulates in the
human placenta, and placental samples can be used as an indicator of Cd exposure during pregnancy.
Lead is deposited also in the placenta. The aim of this research was to measure the cadmium and lead
content in human placenta and in the amnion. Biological samples came from 40 women living in the
Upper Silesian Region – South of Poland (n=40). The marginal and the central part of placenta and
the amnion were collected from each woman (n=120). Age of patients was within the range of 18-40
years old (they were divided into three age groups: 1st group: 18-24 years old, 2nd group: 25-34 years
old, 3rd group: 35-40 years old). The dietary and life-style characteristics were documented by
questionnaires. Dried samples were mineralized by wet mineralization technique. Metal contents
were determined by the method of Flame Atomic Absorption Spectrometry (FAAS). Statistical
calculations were performed with Stat Soft Statistica 7.0 program. The result of the present study
demonstrated that the highest average content of Cd was found in the central part of placenta
(0.588±0.049 mg•kg-1 d.m.), and the lowest in the amnion (0.418±0.044 mg•kg-1 d.m.). The highest
average content of Pb was found in the amnion (5.02±0.410 mg•kg-1d.m.), and the lowest in the central
part of placenta  (4.93±1.98 mg•kg-1 d.m.).  Spearman R test shows a positive correlation between the
content of cadmium and lead (p=0.000, R=0.499). We observed statistically significant differences
between the average contents of Cd (p=0.042) and Pb (p=0.001) in selected age groups. The industrial
pollution and the smoke cigarette have influence on accumulation cadmium and lead in the placenta.
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INTRODUCTION
The placenta is an organ that connects the
developing embryo and fetus with mother
organism. It plays an important role for the fetus
because enables essential nutrient up take, waste
elimination and gas exchange. Exposure to toxic

metals, such as cadmium and lead has potentially
negative effect on fetal development, especially
during early development stages. But it is also
makes barrier which prevents from passage of
toxic substances. Toxic metals such as cadmium
and lead have an ability to cross the placental
barrier. Some research shows that lead, but not
cadmium crosses easily the placental barrier 1.*Author for correspondence
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Cadmium accumulates in the human placenta,
and placental samples can be used as an indicator
of Cd exposure during pregnancy 2. Lead is
deposited also in the placenta3. The levels of lead
in the placenta were higher in occupationally
exposed women than in nonexposed ones. Low
lead levels were measured in amniotic fluid. The
placenta which is the temporary organ reflects
environmental influence on organism4. Cadmium
exposure and in consequence its accumulation in
the body tissues starts at young age. Main
exposure routes for children are via food,
environmental tobacco smoke and house dust.
Excretion from the body is limited. Cadmium
exposure at early age should be limited as much
as possible to prevent direct effects on children
and to prevent accumulation of cadmium which
may have serious health effects only becoming
manifest at older age5. Environmental factors
cause visible changes in the concentration of
xenobiotic metals in the placenta. Factors related
to the steel industry, emissions of adverse
substances and the smoke affect the level of
concentration of heavy metals in human tissues6.
The main sources of Cd are: industrial
environmental contamination, food and cigarette
smoke7, fertilizers, sewage effluents8. Smoking
tobacco is one of the most important routes of
cadmium exposure for the general population. The
results of many investigations showed that the
placental Cd and Pb levels in smokers were higher
that those of nonsmokers. These results imply that
smoking during pregnancy could be harmful both
for the mother and the fetus9. Smoking women
have higher blood Cd and Pb levels than mothers
who never smoked10. Also lead is common
element in the general environment. It damages
the nervous system and causes brain disorders,
causes blood disorders in mammals. It is worth
noting that, after ban of lead addition to petrol,
the exposure has decreased dramatically in
several parts of the word. Some analyses showed
that there were correlations between Pb and
residence in e-waste recycling areas.
Environmental pollution, resulted from unregulated
e-waste recycling activities may contribute to
elevated Pb levels in neonates born and threaten
their health11. Some results showed increased
concentrations of cadmium and lead in placentas

of mothers delivering low birth weight neonates.
It suggests a relationship between low birth weight
and placental concentration of cadmium and
lead12.

AIMS   AND   OBJECTIVES
The paper presents selected aspects of cadmium
and lead accumulation in placenta and amnion of
women from Upper Silesian Region – Poland.
The aim of the research was to measure the
cadmium and lead content in different parts of
placenta and in amnion. Special attention was
devoted to distribution of cadmium and lead in
marginal and central placenta. The dietary and
life-style characteristics of women were also
included.

MATERIAL   AND   METHODS
Biological material came from 40 women living
in the Upper Silesian Region – South of Poland
(n=40). The marginal and the central part of
placenta and the fragments of amnion were
collected from each woman (n=120). Age of
patients was within the range of 18-40 years old
(all women were divided into three age groups:
1st group: 18-24 years old, 2nd group: 25-34 years
old, 3rd group: 35-40 years old). The dietary and
life-style characteristics were documented by
questionnaires. Dried samples were mineralized
by wet mineralization technique. Each sample of
dried tissue was placed in separate mineralization
tubes dissolved by adding 1 mL of concentrated
HNO3-HClO4 mixture in the proportion 4:1 and
heated in a thermostat digestion block at 120°C
for 90 minutes. The resulting solution was diluted
to 5 mL with demineralizated water. Metal
contents were determined by the Flame Atomic
Absorption Spectrometry (FAAS) method. As a
source of radiation hollow cathode lamps were
used. Statistical calculations were performed with
StatSoft Statistica 7.0 program. The results of
Shapiro-Wilk test demonstrated that distribution
in experimental groups is not normal, that is why
nonparametric test (the Kruskal-Wallis) was
performed to determine the significance of
differences between the contents of cadmium and
lead in the central and marginal part of the
placenta and amnion.
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RESULTS   AND  DISCUSSION
The highest average content of cadmium was
found in the central par t of the placenta
(0.588±0.049 mg•kg-1d.m.). The lowest average
content of this metal was detected in the amniotic
membrane (0.418±0.044 mg•kg-1d.m.). The result

of this study demonstrated that the average
content of cadmium in the marginal parts of the
placenta was 0.503±0.043 mg•kg-1 d.m. (minimum
0.000 mg•kg-1d.m., maximum 1.500 mg•kg-1

d.m.). The average cadmium contents in different
parts of the placenta and amnion were shown in
Table 1.

     Cd Amnion The marginal placenta The central placenta

     Average 0.418 0.503 0.588

     STD 0.278 0.275 0.311

     Std.Err. 0.044 0.043 0.049

     Max. 1.500 1.500 1.600

     Min. 0.000 0.000 0.020

     W(p) 0.000 0.007 0.001

p=0.013

Table 1 : The average contents of cadmium in the placenta (the marginal part and the
central part) and amnion  mg•kg-1 d.m.

In each of three age groups xenobiotic element –
lead was found. The highest accumulation of this
element was observed in the amniotic membrane;
average content was 5.020±0.410 mg•kg-1 d.m.,
(the minimum 0.700 mg•kg-1 d.m., the maximum
14.800 mg•kg-1 d.m. The least content of lead was

found in the central par t of the placenta
(4.930±1.980 mg•kg-1d.m.). In the marginal part
accumulation of lead was 4.980±2.440 mg•kg-1

d.m. The average lead contents in different parts
of the placenta and fetal membranes were shown
in Table  2.

Source : Shapiro-Wilk and  ANOVA   Kruskal-Wallis tests

     Pb Amnion The marginal placenta The central placenta

     Average 5.020 4.980 4.930

     STD 2.590 2.440 1.980

     Std.Err. 0.410 0.3860 0.314

     Max. 14.800 12.800 11.300

     Min. 0.700 1.500 1.600

     W(p) 0.003 0.002 0.113

p=0.989

Table 2 : The average contents of lead in the placenta (the marginal part and the
central part) and amnion mg•kg-1 d.m.

Source : Shapirao-Wilk test and ANOVA Kruskal-Wallis
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Among three different age groups the highest
cadmium content was observed in women’s
placenta and amnion from 1st age group (average
content was 0.760 mg•kg-1 d.m.). In the 1st age
group, the highest accumulation of this metal was
found in the central par t of the placenta
(0.940±0.175 mg•kg-1 d.m.). The average content
of cadmium in marginal parts of placenta and
amnion taken from 1 st  age group was
(0.670 mg•kg-1 d.m.). The average content of

cadmium in women’s placenta taken from 2nd and
3rd group were respectively, 0.454 mg•kg-1 d.m.
and 0.494 mg•kg-1 d.m. The least level of cadmium
was found in the marginal part of placenta in 2nd

age group (0.379 mg•kg-1 d.m.). Among the three
different age groups the highest amount of
cadmium was observed in the central part of the
placenta. It was one exception: in 3rd age group
the highest  level of this element was
observed in the marginal part of placenta

Age group Amnion The marginal placenta The central placenta

Average;  0.660 Average; 0.680 Average;  0.940

Std.Err.;  0.258 Std.Err.;  0.220 Std.Err.;  0.175

STD;  0.577 STD;  0.497 STD;  0.391

  1stp = 0.400 Max;  1.500 Max;  1.500 Max;  1.600

Min;  0.100 Min;  0.200 Min;  0.600

W (p) = 0.453 W (p) = 0.345 W (p) = 0.140

Average  0.379 Average; 0.446 Average; 0.536

Std.Err.;  0.040 Std.Err.; 0.037 Std.Err.;  0.053

   2ndp = 0.067 STD;  0.213 STD;  0.193 STD;  0.279

Max;  1.000 Max;  0.800 Max;  1.300

Min;  0.000 Min;  0.000 Min;  0.200

W (p) = 0.050 W (p) = 0.148 W (p) = 0.001

Average;  0.400 Average; 0.600 Average; 0.483

Std.Err.;  0.063 Std.Err.;  0.146 Std.Err.;  0.083

  3rdp = 0.551 STD;  0.155 STD;  0.358 STD;  0.204

Max;  0.600 Max; 1.000 Max;  0.800

Min;  0.200 Min; 0.100 Min;  0.200

W (p) = 0.456 W (p) = 0.620 W (p) = 0.926

Table 3 : Cadmium contents in the placenta and amnion taken from three
age groups of women

              p=0.042
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(0.600 mg among kg-1d.m.). In these age groups
significant differences in the content of the tested
element were observed. Among the three age
groups there were observed statistically
significant differences between the average
contents of cadmium (p=0.042), and statistically
insignificant differences between different parts
of the placenta and fetal membranes. Distribution
of cadmium in the women’s placenta and amnion
taken from different age groups was shown in
Table 3 and Fig. 1.
The highest lead level was observed in the 1st

age group, average content was 6.800 mg•kg-1d.m.
The similar contents of this metal were found in
2nd and 3rd age groups; average content was 4.630
mg•kg-1d.m. In the surveyed samples taken from
women from 2nd age group it was found that levels
of lead in the tested parts of the placenta and
amnion are similar. The lowest metal content was
observed in the central part of the placenta taken
from women from 3rd age group (4.100±0.635
mg•kg-1d.m.). Among the three different age
groups statistically significant differences were
observed between the average contents of Pb
(p=0.001), statistically insignificant differences
was observed between lead contents in different
parts of the placenta and amnion. The results of
the average lead content in the three age groups
were shown in Table 4, and illustrated by Fig.  2.

Studies conducted over the years 1975-2000
show that the average concentration of Cd in
human placenta was 4 ng•g-1 with an average
prevalence of 1-6 ng•g-113. However, other
researchers informed of increased the cadmium
level (accumulation of the metal was from 30 to
32 ng•g-1)14. The result of our study demonstrated
that the highest average content of Cd was found
in the central part of placenta (0.588±0.049
mg•kg-1 d.m.), and the lowest in the amnion
(0.418±0.044 mg•kg-1 d. m.). It was observed that
cadmium accumulation is associated with age of
women. The highest accumulation of cadmium
was observed in the 1st age group (average
content was 0.760 mg•kg-1d.m). In 2nd and 3rd age
groups the amount of cadmium decreases.
Increased levels of cadmium can be also
associated with place of women residence. Most
of women inhabit in the city, where they were
exposed to effects of industrial pollution. Silesia
Region, from where the women come from, is a
resource-rich, industrial and populous region, best
known for its coal mine and steel plants. Some of
women were exposed to active or passive
smoking. Cadmium concentrations were doubled
in placentas of smokers as compared with non-
smokers, and placental lead concentrations
increased significantly. Collectively, the results

Fig. 1 : Cadmium contents in the placenta and amnion taken from three age groups of women
(mg•kg-1d.m.±Std.Err.).

                 1st age group 2nd age group         3rd age group

m
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kg
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confirm that human placental tissue offers a
unique opportunity to biomonitor cadmium
exposure both in the maternal and the internal fetal
environments15.
Many researchers said that the average content
of cadmium in the placenta is conditioned by our
environment. Diaz-Barriga et al. show that the
level of Cd is several times higher on industrialized
areas16. Research conducted by Baranowska on
Upper Silesian Region also confirmed the fact that
industrial development influences on the

accumulation of this metal in the placenta17. Some
research show that environmental toxicants such
as metals may be detrimental to fetus and infant
development and health because of their
physiological immaturity, opportunistic and
differential exposures, and a longer lifetime over
which disease, initiated during pregnancy and in
early life, can develop. Lead appears to pass the
placental barrier by a diffusion mechanism. The
study confirms that most of the toxic metals have
an ability to cross the placental barrier18. However,

     Age group Amnion The marginal placenta The central placenta

Average;  7.420 Average;  6.080 Average;  6.900

Std.Err.;  1.950 Std.Err.;  0.343 Std.Err.;  0.609

       1stp=0.400 STD;  4.360 STD;  0.766 STD;  1.362

Max;  1a4.800 Max;  6.800 Max;  8.300

Min;  4.400 Min;   4.800 Min;  5.100

W (p) = 0.630 W (p) = 0.250 W (p) = 0.520

Average;  4.721 Average;  4.500 Average;  4.668

Std.Err.;  0.407 Std.Err.;  0.412 Std.Err.;  0.367

     2ndp=0.067 STD;  2.154 STD;  2.181 STD;  1.043

Max;  9.600 Max;  12.800 Max;  11.300

Min;  0.700 Min;  1.500 Min;  1.600

W (p) = 0.395 W (p) = 0.000 W (p) = 0.015

Average;  4.667 Average;  5.133 Average;  4.100

Std.Err.;  0.942 Std.Err.;  1.129 Std.Err.;  0.635

   
  3rdp=0.551

STD;  2.308 STD;  2.766 STD;  1.556

Max;  6.900 Max;  8.200 Max;  6.000

Min;  0.800 Min;  1.800 Min;  2.300

W (p) = 0.372 W (p) = 0.367 W (p) = 0.331

Table  4 :  Distribution of lead in the women’s placenta and amnion taken from
different age groups
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there is a group of scientists whose findings
contradict with the statement above-mentioned -
they showed no dependence of Cd exposure on
industrialized areas19. Placenta is a partial barrier
to cadmium. The conducted studies have shown
that the level of cadmium in the maternal part of
placenta is 10% higher than in the amnion (not all
the Cd is excreted to developing fetus). With the
number of smoked cigarettes increasing content
of Cd in the body and thus weight of the
developing fetus was reduced20. The weight of
newborns is correlated inversely proportional to
the time of cigarette smoking by the mother21. It
was observed that children whose mothers
smoked or were passive smokers had reduced
body weight. The Osman and others research
show that newborns weight of smoking mothers
was about 200 g less than newborns of mothers
which hadn’t contact with tobacco1.  Milk
produced by smoking women is poorer in
nutrients22. Research conducted by Piasek et al.
showed that cadmium reduces the levels of
progesterone, which is essential for the proper
development of pregnancy23. Some research
showed that the Cd causes adverse effect on
developing fetus and on the subsequent functioning
of the body. The metal was capable of crossing
the placenta in early fetal development, when the
embryo is very vulnerable24.The level of cadmium
in the first trimester was 4.5±7.1 ng•g-1 and

steadily increasing until the end of pregnancy,
reaching a level of 22.2±11.4 ng•g -1 25.
Zakrzewska showed that the placenta is an
effective barrier to transport Cd only when its
level in the diet is less than 50 ppm24. Cd causes
adverse effects on the pregnant and the fetus
(antagonistic effect of absorption and distribution
of food in the body). Cd changes the activity of
physiological parameters of placental enzymes,
influences on fetal development, although the level
of Cd is always less in the embryo than in the
placenta. Cd cause long-term changes in the
physical and mental development (malformation).
Changes in the cells may be cause of the death
of the fetus by placental dysfunction or failure24.
 Overall content of Pb in tested placentas between
1975 and 2000 oscillated within 5-60 ng•g-1 with
average value 34 ng•g-1 13. Research made in
Sweden showed diversified levels of lead
accumulation, oscillated within 0–130 ng•g-11. Our
research showed that average lead content in
woman placenta was 4.987±0.214 mg•kg-1 and it
was evenly distributed in tested placenta parts. It
was observed statistically insignificant differences
between tested placenta parts. Within age groups
statistically significant correlation was found
(p=0.001). Due to rising of women age content
of lead in placenta tissues decreases. Highest
level of lead was observed in 1st age group
(average level was 6.8 mg•kg-1 d.m.) and the least

Fig.  2  :  Distribution of lead in the women’s placenta and amnion taken from different age groups
(mg•kg-1d.m.±Std.Err.).
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in 3rd age group (average level was 4.63 mg•kg-1

d.m.). Along with age of women the average
content of Pb and Cd decreases, it probably means
that the age of women plays an important role in
the capability to accumulation of this metal in the
placenta. The lowest amount of toxic metals was
observed in 1st age group, because of their less
exposed to Pb and Cd. Hubermont et al. observed
that the main sources of Pb which accumulates
in human tissues are water and environment3.
Consumption of wine once a week for pregnant
woman increases the level of lead in the placenta
and the blood of women1. The study conducted
in Great Britain proved that exposure of pregnant
women cause accumulation of Pb in the placenta
and can lead to abortion or to give to the world
dead child26. Lead is readily transferred to the
developing fetus through the placenta1. Goyer also
demonstrated that there is no placental barrier for
the lead between mother and developing fetus27.
The fetus is exposed to adverse effect of lead,
which causes mental and growth retardation,
already even small amounts of this element can
cause negative effect on the developing fetus  .

CONCLUSION
The result of the present study concluded that
the highest average content of Cd was found in
the central part of placenta (0.588±0.049 mg•kg-

1d.m.), and the lowest in the amnion (0.418±0.044
mg•kg-1d.m.). The highest average content of Pb
was found in the amnion (5.02±0.41 mg•kg-1d.m.),
and the lowest in the central part of placenta
(4.93±1.98 mg•kg-1 d.m.). Spearman R analysis
shows a positive correlation between the content
of cadmium and lead (p=0.000, R=0.499). Among
the age groups statistically significant differences
between average content of Cd (p=0.042) and
Pb (p=0.001) were observed. The industrial
pollution and the cigarette smoke have influence
on accumulation of cadmium and lead in the
placenta. Placenta is an important barrier to lead,
however, is not an effective barrier to cadmium.
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