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One of the first investigations into the transfer of
toxic elements into milk was carried out in 1933 (9).
The Pb content in women�s milk was measured, and
the concentration of Pb in the milk of women unexpo-
sed to that element was established as 56 µg/l. Similar
values were obtained in later investigations, although
a considerable differentiation in average Pb levels
in milk were observed: from about 1 µg Pb/l (25) to
62 µg/l (22).

The content of toxic elements in woman�s milk, by
reason of their potential ecotoxicological consequen-
ces for humans, is a permanent subject of research (5).
It is known that Pb can attain a high concentration in
the milk of women exposed to intensive contact with

this element. The milk of women living within a 200 m
radius of a steelworks in Mexico showed high Pb con-
centrations of up to 350 µg/l (18). For 37% of these
women the level of Pb in their milk exceeded 10 µg/l.
It has been recognized that such a high concentration
of Pb represents an important threat to the health of
breast-fed newborn infants. Some research has shown
that the Pb concentration in mother�s milk is closely
correlated with the level of Pb in the blood of the
offspring. Moore et al. (19) carried out research on 17
mothers and their offspring. They demonstrated that
the concentration of Pb in women�s milk was on
average 1/10 of the concentration in their blood. The
same researchers showed that there was a high linear
correlation between the levels of Pb in the blood of
mothers and their offspring (p < 0.001). They also
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Summary

The aim of the research was to investigate the transfer of heavy metals (lead (Pb) and cadmium (Cd)) and
their antagonists in the group of essential micro-elements (magnesium (Mg), copper (Cu) and zinc (Zn)) from
the organism of sheep to the organism of their offspring in milk. The research was carried out in two stages.
The control group consisted of sheep with healthy milk glands, while the experimental group consisted
of animals presenting subclinical mastitis. In the first stage of the research the distribution of toxic elements,
Pb and Cd, administered per os to the mothers was studied by establishing their content in blood and milk.
A measurable indicator for evaluating the transfer of toxic substances to milk, in both groups of animals was
the content of the elements under investigation in the lambs� blood. The concentrations of Mg, Cu and Zn
were also ascertained in the biological material collected. The aim of the second stage of the study was to
evaluate the transfer of the heavy metals as well as the essential elements from the organism of the mother
to the offspring through healthy and pathologically altered milk glands. The mothers were administered
a mixture of salts of Cd, Pb, Mg, Zn and Cu, which activated mechanisms of antagonistic and synergetic
interaction between the toxic metals and the essential elements, as illustrated by the content of these metals
determined in the blood and milk of the mothers and in the blood of the lambs. A proof of a favorable
influence of Mg, Cu and Zn on the content of Pb and Cd in the blood and milk of the mothers was a 4-5 times
lower content of Pb in the milk of ewes, as compared with the first stage of the research. The per os
administration of Mg, Cu and Zn to the ewes showed their statistically significant increase in blood as well as
milk. The reduction in the levels of Pb and Cd in the ewes� milk, observed in the second stage of the research,
was corroborated by their decreased content in the blood of the lambs in both groups of animals.
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concluded that Pb levels in the blood of mothers and
their offspring are influenced by the level of Pb in water.
Breast-fed children absorbed less Pb than those fed
artificially, in cases when the concentration of this
element in water was high. In a research by Lacey et
al. (13), the concentration of Pb in milk was 6% of its
concentration in the blood of mothers; likewise, Ong
et al. (22) showed that only 2% of the Pb concentra-
tion in the blood of mothers was detected in their milk.
In the research carried out in Mexico, the levels of Pb
in mothers� milk attained values of over 20% of the
Pb levels established in their blood (18).

Research carried out on animals showed a con-
siderable transfer of Pb to offspring through milk (4,
6, 8, 10-12, 14) as well as a considerably higher pene-
tration of Pb into milk than has been noted in humans.
In her research on rodents, Palminger-Hallén (23)
showed the level of Pb in the milk and blood of adult
females to be similar or in excess of the levels
observed in the milk and blood of rabbits (14) and
monkeys (25).

Newborns of mammals are characterized by quick
changes occurring in the developing organs and in their
functioning. Also the central nervous system develops
rapidly during that period. Neurotoxic elements, such
as Pb and Cd (3), pose a particular threat to the develop-
ment of the brain. In the postnatal period, also meta-
bolic functions differ from those of adults. In human
newborns, the liver is characterized by low gluconeo-
genesis and a low production of plasma albumin. The
functional development of the kidneys continues until
the end of the first month of human life, and in rodents
until the weaning period (25, 27). During this period,
the presence of toxic metals in the organism is the most
harmful, and even if there are no acute symptoms of
poisoning, morphological and biochemical changes
may pose a threat to health in later life.

In healthy mammary gland tissue, the basement
membrane uniting glandular cells is impenetrable. In
inflamed tissues, the cells move further apart from one
another, which leads to the infiltration of blood plasma
and tissue fluids. There occur significant changes in
milk, which do not originate directly from milk-pro-
ducing cells. As in all other inflammatory conditions,
cells are more loosely connected to one another, and
the intercellular spaces are filled with blood plasma.
In such cases, the constituents of blood plasma (water,
salts, blood albumin) can filter through the layer of
loosely connected glandular cells to milk vesicles. The
degradation of secretory vesicles in the mammary
gland, resulting from the inflammatory condition,
additionally increases its permeability. This fact is
corroborated by changes in the composition of milk,
which have been noted by several authors (16, 17).

Degradation changes which occur in glandular
tissues in the course of an inflammation give rise to
the hypothesis that there is a significant relationship
between the health status of milk glands and the trans-

fer of foreign substances into milk, including the toxic
ions of heavy metals.

Based on these premises, an attempt was made to
determine the impact of subclinical mastitis on the
transfer of toxic elements (Pb, Cd) and their antago-
nists from the group of essential micro-elements (Cu,
Mg, Zn) into the milk of sheep and into the blood of
their offspring.

Material and methods
Procedures for forming experimental and control

groups of animals. The research was conducted on Polish
Mountain sheep. The animals qualified for the research were
uniform in terms of their pedigree, age, lactation sequence,
conditions of maintenance, nourishment and physiological
state.

The health status of the animals was evaluated on the
basis of clinical examinations: a general examination and
a specific examination involving a clinical examination of
mammary glands.

The evaluation of the health status of mammary glands
was also based on the California test performed using the
Mastitrapid preparation. Lobar secretion from the udders
that showed doubtful and positive results in the test was
collected for further laboratory tests to determine the
etiological factor behind secretion disorders. Cytological
examination of milk was also carried out, using the Fos-
somatic apparatus.

The main factor differentiating the control and experi-
mental animals was the health status of their mammary
glands: a subclinical inflammation of the udder. In stage I
of the research, from the group of 123 mothers, 18 healthy
animals were selected to the control group, and 18 ewes
with subclinical mastitis were included to the experimen-
tal group. The lambs were qualified analogically: those from
the control group mothers were put in the group of control
lambs, and those from the experimental animals comprised
the group of experimental lambs. In stage II of the research,
18 experimental animals and 18 controls were analogically
selected, along with their lambs.

Stage I of research. The sheep were administered per
os salts of Cd (CdCl

2
 (POCH, Gliwice)) and Pb (Pb(CH

3
COO)

2
× 3 H

2
O (Merck)) in aqueous solutions at minimum effec-

tive doses (dosis minima) of 0.25 mg Cd/kg m.c. and 5 mg
Pb/kg m.c. Such minimum effective doses were not dange-
rous to the health of the animals and were chosen upon
consultations with specialists at the Department of Bioche-
mistry and Toxicology and veterinary pharmacologists, as
well as on the basis of data from literature (3, 24). They
were also accepted by the local ethics committee, which
concluded that the proposed procedure did not exceed the
2nd degree of invasiveness.

Aqueous solutions of the salts in 200 ml of distilled water
were introduced into the rumen by means of a soft tube.

Blood and milk samples from the mothers were collec-
ted according to the following scheme:

� sample �0� � before the administration of Pb- and Cd-
salt solution;

� sample �1� � 24 hours after the administration of Pb-
and Cd-salt solution;
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� sample �2� � 72 hours after the administration of Pb-
and Cd-salt solution;

� sample �3� � 96 hours after the administration of Pb-
and Cd-salt solution.

Stage II of research. Procedures for selecting sheep to
the control and experimental groups were analogical to those
in stage I. An innovation in stage II consisted in the single
administration of a mixture of salts diluted in water, which
included not only salts of Pb (5 mg Pb/kg m.c.) and salts of
Cd (0.25 Cd/kg m.c.), but also salts of Mg, Cu and Zn in
the form of sulphates, administered at 5 mg/kg m.c. each.

Blood and milk samples from the mothers were collec-
ted according to the following scheme:

� sample �0� � before the administration of the Pb-, Cd-,
Mg-, Cu-, and Zn-salt solution;

� sample �1� � 24 hours after the administration of the
Pb-, Cd-, Mg-, Cu-, and Zn-salt solution;

� sample �2� � 72 hours after the administration of the
Pb-, Cd-, Mg-, Cu-, and Zn-salt solution;

� sample �3� � 96 hours after the administration of the
Pb-, Cd-, Mg-, Cu-, and Zn-salt solution.

The test material in stages I and II of the research consi-
sted of whole blood and milk from fully lactating mothers
and blood from their offspring. Altogether, blood and milk
were collected 8 times both from the ewes of the experi-
mental group and from those in the control group; likewise,
blood was collected 8-times from the lambs of both groups.

Specific volumes of the biological material (the blood
and milk) were dried in a drier at a temperature of 105°C.
The mineralization of the milk and blood samples was car-
ried out at a temperature of 450°C in an electric oven, after
which the ash was dissolved in nitric acid at a concentra-
tion of 1 mol/l. Quantity analysis for Cd, Pb and Cu con-
tent was carried out with a 220Z electrothermal atomic
absorption spectrophotometer (with Zeeman-effect back-
ground correction); for Zn and Mg, however, an AAS-3
spectrophotometer was used (equipped with an EA-3 electro-
thermal atomizer and an MPS autosampler). All apparatus
were produced by the Varian company.

Results and discussion
The analysis of interdependence between the

investigated elements in stages I and II of the re-
search. The statistical analysis of the content of the
elements in the blood and milk of ewes, as well as in

the blood of lambs in stages I and II of the research
was carried out by Tukey�s Honestly Significant Dif-
ference test with a separate analysis of variance.

The significance of differences between stages I and
II in the mean content of the examined elements in the
blood of ewes of the experimental and control groups
is presented in table 1. The levels of the examined
elements in the blood of the ewes in the course of the
entire research is shown in fig. 1-5.

In the blood of ewes belonging to the experimental
group (tab. 1), a significant difference was ascertained
between the two stages of research concerning the
mean value of Cd in sample �1� and the mean value
for all samples (fig. 1). In the case of Pb, there was
also a highly significant difference regarding sample
�1� � in which the mean value of Pb in stage II was
5-times lower than in stage I � and the mean value for
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uZ 478220.0 314100.0 sn sn 572400.0 680210.0 990000.0 sn 002100.0 sn

uC 300000.0 sn sn 310000.0 662000.0 831700.0 133310.0 sn 800000.0 165600.0

gM 600000.0 000000.0 464240.0 sn 100000.0 350000.0 000000.0 581510.0 694200.0 000000.0

Tab. 1. Significance of differences between stages I and II of the study in the content of elements in the ewes� blood for
experimental and control groups

Explanation: ns � statistically not significant at the level p £ 0.05.

Fig. 2. Content of Pb in ewes� blood in stages I and II of the
study
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Fig. 1. Content of Cd in ewes� blood in stages I and II of the
study
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all samples (fig. 2). In stage II of the research, the con-
tent of Zn in the blood of ewes from the experimental
group was significantly lower in samples �0� and �1�
and as a mean value of all samples (fig. 3). Significant
differences between the two stages in the values of Cu

in the blood of the experimental animals were reve-
aled in samples �0� and �3�. More than twice as much
Cu was ascertained in the blood of animals in sample
�3� in stage II. A significant difference was also shown
in the mean value of all samples (fig. 4). A significant
difference between stages I and II in the value of Mg
was revealed in samples �0�, �1� and �2�, and in the
mean value for all samples (fig. 5).

In the blood of ewes belonging to the control group
(tab. 1), there was a significant difference between the
two stages of the research regarding the mean content
of Cd in samples �1� and �2�. In stage II of the research
a significant drop in the content of this element was
ascertained. Also the mean content of this element for
all samples in stage II was significantly lower (fig. 1).
In the case of Pb, a highly significant difference was
noted between the stages in sample �1�, in which the
mean content of Pb dropped from 209.92 µg/l in
stage I to 62.68 µg/l in stage II (fig. 2). Significantly
less Zn was noted in samples �0� and �1� in stage II. In
sample �3�, however, the mean level of Zn was shown
to be significantly higher in stage II (fig. 3). As to Cu,
in stage II its content was significantly higher as a mean
value for all samples and in samples �0�, �1� and �3�
(fig. 4). A significant difference between stages I and
II in the content of Mg was observed in all samples, as
well as in the mean value for all samples. The highest,
a nearly 5-fold drop, was noted in sample �1�.

There were significant differences between stages I
and II in the mean content of the examined elements
in the milk of sheep belonging to both groups, as shown
in tab. 2. The mean content of the elements in the milk
of sheep in both stages of the research is depicted in
fig. 6-10.

In the milk of the experimental ewes (tab. 2), no
significant differences between the two stages of the
research were observed in the mean content of Cd in
any of the samples (fig. 6). However, a significantly
high difference was observed between the two stages
of the research in the mean content of Pb in milk. In
stage I the levels of Pb in samples �1�, �2� and �3� were
several times higher than its levels in stage II. A signi-
ficantly high difference was also observed in the mean
value for all samples (fig. 7). The mean value of Zn in

Fig. 3. Content of Zn in ewes� blood in stages I and II of the
study
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Fig. 4. Content of Cu in ewes� blood in stages I and II of the
study
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Fig. 5. Content of Mg in ewes� blood in stages I and II of the
study
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Tab. 2. Significance of differences between stages I and II of the study in the content of elements in the ewes� milk for experi-
mental and control groups

Explanation: as in tab. 1.
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the milk of the experimental sheep was found to be
significantly higher in stage II of the research in all
four samples (fig. 8). In the case of Cu, a significantly
high increase in its mean content was noted in stage II
of the research. In the milk of the experimental ani-
mals, in all samples collected in stage II, the Cu con-
tent was 2-3 times higher than in stage I (fig. 9). In the
case of Mg, significant differences between the stages
were observed in milk samples �1� and �3� and in the
mean value for all samples. Milk collected in stage II
of the research had a significantly higher content of
this element (fig. 10).

In the milk of ewes belonging to the control group
(tab. 2) and the experimental group no statistically
significant differences between the stages of the re-
search were noted in the content of Cd (fig. 6). How-
ever, a highly significant differences were observed
in the case of Pb in samples �1�, �2� and �3�. The levels
of this element in stage II were appreciably lower in

comparison with stage I. A highly significant dif-
ference was also revealed in the mean value for all
samples (fig. 7). The mean level of Zn in the milk of
the control animals was shown to be significantly
higher in stage II in all four samples (fig. 8). A statisti-
cally significant difference between the two stages of
the research was also observed in the content of Cu.
The Cu content in samples �1�, �2� and �3�, and its mean
value for all samples were significantly higher in
stage II (fig. 9). A significant difference between the
stages in the case of Mg was noted in samples �0�, �1�
and �3�, as well as in the mean value for all samples.
The content of this element was higher in milk col-
lected for tests in stage II (fig. 10).

Significant differences between stages I and II of
the research in the mean content of the examined
elements in the blood of lambs of both groups are pre-
sented in table 3. The mean content of the examined
elements in the blood of the lambs is illustrated in
fig. 11-15.

In the blood of the lambs from the experimental group
(tab. 3) there was a significant difference between the
stages of the research regarding the mean content of
Cd in samples �1� and �2�, and in its mean value for all
samples. A highly significant decrease in the level of
Cd in the blood of the lambs was noted in stage II of
the research (fig. 11). The mean content of Pb in the
blood of the experimental lambs was significantly
lower in all samples collected in stage II of the re-
search (fig. 12). In the case of Zn, however, a highly
significant difference between the stages was only
observed in sample �0�. The level of this element was
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Fig. 9. Content of Cu in ewes� milk in stages I and II of the
study

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

m
g

/k
g

sample 0 sample 1 sample 2 sample 3

I stage

contr. groupexp. groupcontr. groupexp. group

II stage

Fig. 10. Content of Mg in ewes� milk in stages I and II of the
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significantly higher in stage I (fig. 13). A significant
difference between the stages in the mean content of
Cu was noted in samples �0� and �3�. The mean level
of Pb was shown to be significantly higher in sample

�0� in stage II (fig. 14). In the case of Mg, a significant
difference between the two stages of the research in
the mean level of this element was only observed in
sample �1� (fig. 15).

In the blood of lambs belonging to the control
group (tab. 3) there was a significant difference be-
tween the two stages in the mean content of Cd in all
samples. In stage II, the mean content of Cd in all
samples was lower than in stage I: in sample �1� by as
much as 75% (fig. 11). The Pb content was signifi-
cantly lower in stage II in all samples collected and as
a mean value of all samples (fig. 12). However, there
was no significant difference between stages I and II
in the content of Zn in the blood of the control lambs
(fig. 13). A significantly higher level of Cu was noted
only in sample �3� of stage II (fig. 14). In the case of
Mg, a significant difference between the stages was
observed in samples �0� and �2� (fig. 15).
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Tab. 3. Significance of differences between stages I and II of the study in the content of elements in the lambs� blood for
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Explanation: as in tab. 1.

Fig. 11. Content of Cd in lambs� blood in stages I and II of the
study

Fig. 12. Content of Pb in lambs� blood in stages I and II of the
study
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Fig. 14. Content of Cu in lambs� blood in stages I and II of the
study
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Fig. 15. Content of Mg in lambs� blood in stages I and II of
the study
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Contemporary analytical methods make it possible
to precisely determine the content of toxic elements in
biological material, while environmental monitoring
provides information on the distribution of contami-
nation (26). Modern technologies are being deve-
loped, capable of successfully reducing heavy metal
emissions of anthropogenic nature into the atmosphere,
water and soil, which offers hope for a gradual clean-
sing of ecosystems. In the case of animal breeding, the
most straightforward method for limiting excessive
bio-accumulation is to change the direction of their
use and systems of maintenance. Attempts are also
being made to reduce the bio-accumulation of heavy
metals in the organisms of animals by modifying their
diets in such a way as to take advantage of antagoni-
stic or synergistic interactions between their ingredients
(1, 3). However, in order to build foundation for these
attempts it is necessary to investigate physiological
and biochemical mechanisms which take place in the
organisms of animals at all stages of their functioning.
Such was the purpose of the present experiment, aimed
at evaluating the transfer of heavy metals and essen-
tial elements from the organism of the mother to its
offspring via healthy and sick milk glands. In stage II,
the mother sheep were administered a mixture of salts
of Pb, Cd, Mg, Cu and Zn, which caused interactions
between the toxic and essential metals, as illustrated
by the content of these elements in the milk and blood
of the mothers and in the blood of the lambs.

The favourable influence of these elements on the
content of heavy metals in the blood of the animals
was confirmed for both Pb and Cd. The most signifi-
cant decrease in the content of Cd in the blood of
the ewes was noted in sample �1� of stage II in both
the healthy animals and those presenting subclinical
mastitis. In animal organisms there is a very clear
biochemical antagonism between Zn and Cd. As we
already observed, this mechanism consists in the dis-
placement of Cd by Zn in protein compounds. The
author�s research confirmed the theses put forward by
Anke and Groppel (1) and by Groten et al. (7).

In the case of Pb, the antagonistic interaction be-
tween the bioelements proved even more effective.
A decrease in the content of Pb was observed in the
blood samples collected from the control and experi-
mental ewes alike. After the animals were admini-
stered the mixture of salts of Pb, Cd, Mg, Cu and Zn,
the Pb content in blood samples �1� and �2� was found
to be smaller than in stage I. The highest decrease was
observed in sample �1�: from 209.92 µg/l to 62.68 µg/l in
the control group, and from 314.49 µg/l to 62.21 µg/l
in the experimental group. This effect was undoub-
tedly related to the antagonistic action of Zn and Cu
against Pb. In experiments on rodents, it was demon-
strated that an increase of the Cu content in their diet
diminishes the absorption of Pb from the alimentary
tract and reduces the Pb level in blood serum (3).
The antagonism between Zn and Pb results from the

mechanism of their absorption in the stomach and
intestines, which is similar for both elements, as well
as from their rivalry during transport through the
albumin-lipid membranes (3 � quoted in Cerklewski).
After enriching Pb-contaminated fodder in Zn, Cer-
klewski observed a drop in the concentration of Pb in
the blood, liver and milk of female rats as well as
a reduction in the toxic impact of Pb on the newborns.
The attenuation of toxic effects of Pb through the
administration of Zn was also demonstrated in works
by Bafundo et al. (2) and Malinowska (15).

Among the bioelements administered in stage II of
the present research, particularly noteworthy is Mg,
whose content remained at a stable low level in all
blood samples. The explanation of this fact is certainly
related to interactions between the Pb, Cd and Mg;
however, the levels observed in stage I were signifi-
cantly higher, especially in sample �1�.

As in the case of blood, the milk of ewes also had
a lower Pb content in stage II of the experiment: it was
4-5 times lower than in stage I. The same situation
was observed in both groups of animals, which gives
rise to the suggestion that the health status of milk
glands does not influence the transfer of Pb into milk.
Most likely, the mechanisms reducing the transfer of
this element were based on the antagonism between
Mg, Cu and Zn. The results of the author�s research
are not confirmed by works of Naresh et al. (20, 21).
They concluded that subclinical mastitis significantly
increases the concentration of Pb, Cu, Zn, and Cobalt
(Co) in milk, and that the treatment of the udder with
ascorbic acid significantly decreases the concentration
of Pb in milk without influencing the Cd content.

In stage II of the research, administering the ewes
with a mixture containing no only Cd and Pb but also
Mg, Cu and Zn led to an evident increase in the
content of the last three elements in milk. Actually,
the Zn content in milk exceeded the norm, which is
5.0 mg/kg (24). This increase was observed in all
samples in stage II, in healthy animals as well as those
presenting subclinical inflammation of milk glands.
The highest content of Zn in milk was noted in the
group of experimental animals and did not exceed the
value of 8.40 mg/kg. The level of Cu was also higher
but did not exceed the norm in any of the samples (24).
In stage II of the research, a higher level of Mg in milk
was also ascertained, both in the healthy animals and
in those presenting subclinical inflammation of the
udder, which can be considered as a welcome pheno-
menon since this element is responsible for a number
of metabolic functions, and its deficiency can lead to
disorders in ruminants, including grass tetany. The
highly significant reduction in the levels of Pb and Cu
in the milk of ewes was confirmed by the fall in Pb
and Cu content in the blood of the lambs of both
groups. The content of the other elements remained
close to the levels observed in stage I, which gives rise
to the suggestion that the essential elements admini-
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stered to the ewes have a favorable effect of on the
content of toxic elements in the blood of their offspring.

Conclusion
The investigations did not reveal any significant

influence of the health status of milk glands on the
content of Pb and Cd in the blood of lambs. The extent
to which toxic elements were transferred into the blood
of the lambs was similar for the lambs originating from
the healthy ewes and for those from the ewes with
subclinical mastitis.

The administration of a mixture of toxic and essen-
tial elements to the mothers activated antagonistic
reactions between the elements. The investigations
demonstrated a beneficial influence of Mg, Zn and Cu
on the content of Pb and Cd in the blood and milk of
the mothers: the concentration of Pb in the milk of the
ewes in stage II was 4-5 times lower than in stage I of
the research. The decrease in the levels of Pb and Cd
in the milk of the ewes, observed in stage II of the
research, was confirmed by their reduced content in
the blood of the lambs originating from both the
healthy ewes and the ewes with subclinical mastitis.
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