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Aim. To investigate the content of heavy metals in the seeds of milk thistle (Silybum marianum (L.) Gaertn.)
and in the product of its processing – oil. To reveal possible changes in the concentration of heavy metals in the
years of cultivating this plant. Methods. The ¿eld and spectrometric methods were applied; the results were
processed using the technologies, common for agriculture, plant production and statistics. Results. The content
of heavy metals in the seeds of milk thistle was de¿ned. It was determined that their concentration exceeds
maximal acceptable coef¿cient for the medicinal plant material. It was established that in 2013 the seeds of
milk thistle accumulated several times more Ba, Ca, Fe, Mg, Mo, Sr, V compared to the indices of 2014, while
Al, Co, Ag were found only in the samples of the seeds, harvested in 2013. Conclusions. As the regulatory
documents regarding many relevant elements, which belong to heavy metals, do not specify maximal acceptable coef¿cients for the content of the latter in the medicinal plant material, it is reasonable to conduct complex
studies, involving the specialists of relevant ¿elds, in order to stipulate this gradation. In the Kyiv region the
milk thistle plants accumulate a large amount of such heavy metals as cadmium, manganese, strontium, and
zinc, which exceeds maximal acceptable degrees of accumulation and testi¿es to partial pollution of region
soils. It was established that the concentration of the main part of heavy metals in the product of processing
milk thistle – oil – is decreased to the value under the threshold of analytic devices. This fact proves the prospects of growing milk thistle for industrial processing purposes.
Keywords: milk thistle, heavy metals, biomaterial.
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INTRODUCTION
The role of chemical elements with the valence of two
and more is important for the living organism, as they
ensure the activity of the enzymes, in particular, proteins – the catalysts of biochemical reactions. Small
amounts of these elements are required for plants and all
the living beings. At the same time the increased concentration of such elements is harmful for living organisms.
Therefore, the study of the biological effect of heavy
metals is presently an urgent trend of modern science.

consuming organisms which has negative effect both
on animals and people. The economic activity of humans leads to environment contamination with heavy
metals and undesired chemical substances. For instance, the wastes of energy and transport systems are
a considerable source of such heavy metals as Pb, Mn,
Fe and others, as well as such substances as benzopyrene, oxides of nitrogen and carbon, etc., entering the
atmosphere.

Trophic chains promote the increase in the concentration and accumulation of heavy metals (HM) in the

The monitoring of the level of HM concentration in
the environment and especially in the food products
and feeds is of great relevance, as it allows taking time-
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ly measures to preserve the purity of environment and
health of people. It is also very important to have information about the content of HM in biomaterial and
other components of herbal medicines.

The extract obtained was brought up to 50 ml with
water of class 1 (18 multiples of median), puri¿ed at
Scholar-UV NexUp 1000 system (Human Corporation, Korea).

The aim of the studies was to determine the content
of HM in the seeds of milk thistle (S. marianum (L.)
Gaertn.) and the product of its processing – oil, as well
as to reveal possible changes in their concentration in
the years of cultivating S. marianum plants to elaborate
corresponding sanitary and hygienic and economicorganizational measures to provide the required level
of ecologic safety and reasonable use of the yield, harvested from this plant.

The results of experiments were statistically processed by standard methods [1] using, the professional
software package for statistical analysis Statistica 8.0.

MATERIALS AND METHODS
The studies were conducted in the Institute of Horticulture of NAAS and the Institute of Physiology
and Genetics, NAS of Ukraine in 2012–2014. Field
experiments were conducted in the conditions of the
permanent study area at the Laboratory of ornamental,
medicinal and essential-oil plants of the Institute of
Horticulture of NAAS. The scheme of the experiment
presupposed crop rotation in a short-term ¿eld rotation
and included the following variants: purple echinacea
(Echinacea purpurea)–wild chamomile (Matricaria
recutita)–clary sage (Salvia sclarea L.). The cultivation of these crops was planned without any fertilizers or pesticides. The experiments were conducted on
four-rowed 2-meter-long ¿elds. 40 seeds were sown
manually in each row at the distance of about 5 cm.
Crop protection involved manual weeding the rows as
required.

RESULTS AND DISCUSSION
Milk thistle (S. marianum (L.) Gaertn.) has been
used in non-conventional and traditional medicine
for over a thousand years to treat various diseases.
Therefore, it is important to know the compliance of
the raw material of this plant with the requirements to
its application and processing for medicine. The studies were aimed at the determination of the composition of chemical elements in the objects and the de¿nition of the speci¿cities of their accumulation in conditions of growing in the Kyiv region.
The results of the analysis of HM content in the
seeds of S. marianum for two years of its cultivation
(2013í2014) and in the product of its processing – oil,
according to [2], are presented in the Table.
The analysis of the Table data demonstrates that
during two vegetative periods there are on average
1,983.75 mg/kg of magnesium compounds in the
milk thistle seeds; they are 185.74 mg/kg less in
2014 compared to 2013, and as for the oil of harvest 2014, the concentration of these compounds is
3.08 mg/kg.

The composition of soils was analyzed in the Laboratory of Agrochemistry, the Institute of Horticulture
of NAAS. The content of humus in the arable layer
(0í40 cm) was 2.3 %, easily hydrolyzed nitrogen (according to Turin and Kononova) í 78.4í98.0 mg/kg,
mobile forms of phosphorus (according to Kirsanov) –
93.2í180.9 mg/kg, exchange potassium (according to
Kirsanov) – 106.1í202.8 mg/kg. The reaction of their
soil solution is acid (pH – 5.3–5.8 and 5.5–6.1, respectively).

Magnesium belongs to alkali metals. Its compounds
participate in the photosynthesis processes, play a relevant role in the activation of enzymes, ensuring the
consumption of phosphorus compounds by plants. The
de¿ciency of magnesium in the soil inhibits the accumulation of sucrose in plants and leads to delayed
blossoming of plants and the destruction of chlorophyll
in leaves due to which they wither soon [3]. Normal
conditions of magnesium nutrition are created on condition of systematic application of organic fertilizers,
magnesium and lime materials.

The content of HM in the raw material, seeds and oil
was studied in the Institute of Physiology and Genetics, NAS of Ukraine. The composition of elements in
the test samples was de¿ned by ICP-MS method using
the emission mass-spectrometer Agilent 7700×. The
samples were dried until the dry mass and reduced
to ashes in hydrogen nitrate (ACS) using the microwave sample preparation system Milestone Start D.

Taking into consideration the fact that there has
been no de¿ned maximal acceptable coef¿cient
(MAC) for magnesium in the herbal medicines, and
the daily requirement of this element for an adult person is about 300–400 mg, it is evident that its quantitative content in the seeds and oil of milk thistle
is insigni¿cant, as the experiments were conducted
without any fertilizers.
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It was revealed that the concentration of certain
chemical elements in herbal medicines in general
and in milk thistle plants in particular, growing on
the soil of the Kyiv region, exceeds the indices for
MAC concentration, de¿ned for raw material to be
processed.

Cadmium, one of the most toxic heavy metals, is referred to the second class of hazard – “highly hazardous substances”. Similar to many other HM, it tends
to accumulate in the organism, and its effective halflife is 10–15 years. By the age of 50 a person may have
30–50 mg of cadmium in the organism [4].

There is an excess in the concentration of cadmium
compounds by 0.09 mg/kg in the milk thistle seeds
on average for two years of cultivation, and as for the
product of its processing – oil, the content of cadmium
was in the MAC range (0.01 mg/kg below the norm).

The concentration of iron compounds in the seeds
exceeds MAC considerably – by 24.76 mg/kg on average for two years of cultivation, and during 2013 their
accumulated content exceeded that for 2014 by about
5 mg/kg. After the thermal processing of the raw ma-

The accumulation of heavy metals (HM) and other elements by milk thistle plants
HM concentration, mg/kg
Metal
2013
Aluminum
Barium
Beryllium
Bismuth
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Rubidium
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc

In oil yield
of 2014

MAC* of HM
in the productive
part of plants,
mg/kg

< 0.00
0.060 ± 0.003
< 0.00
< 0.00
0.02 ± 0.006
< 0.00
< 0.00
0.020 ± 0.094
< 0.00
< 0.00
< 0.00
< 0.00
< 0.00
3.08 ± 0.014
< 0.00
< 0.00
< 0.00
10.73 ± 0.03
0.05 ± 0.124
< 0.00
5.00 ± 0.06
< 0.00
< 0.00
0.142 ± 0.009
< 0.00

20
0.7
n.i.**
n.i.
0.03
n.i.
n.i.
0.2
0.1
1.0
0.3
0.3
n.i.
n.i.
2.1
0.12
0.5
n.i.
n.i.
n.i.
–
1.0
n.i.
n.i.
10.0

In the seeds

3.68 ± 0.002
3.18 ± 0.004
< 0.00
< 0.00
0.10 ± 0.002
1284.19 ± 0.02
0.0003 ± 0.12
0.034 ± 0.005
0.018 ± 0.009
6.70 ± 0.003
27.52 ± 0.003
< 0.00
< 0.00
2076.62 ± 0.4
11.52 ± 0.4
0.14 ± 0.2
< 0.00
2637.11 ± 0.1
1.43 ± 0.06
0.003 ± 0.03
148.44 ± 0.22
29.10 ± 0.1
< 0.00
0.062 ± 0.006
19.35 ± 0.3

2014
< 0.00
2.53 ± 0.008
< 0.00
< 0.00
0.13 ± 0.007
1262.98 ± 0.005
0.0014 ± 0.031
0.004 ± 0.23
< 0.00
8.94 ± 0.004
22.59 ± 0.004
< 0.00
< 0.00
1890.88 ± 0.3
11.99 ± 0.002
0.11 ± 0.009
< 0.00
2984.73 ± 0.9
2.78 ± 0.03
< 0.00
143.00 ± 0.22
9.77 ± 0.03
< 0.00
0.004 ± 0.23
25.12 ± 0.2

Average for two
years
3.68 ± 0.002
2.86 ± 0.006
< 0.00
< 0.00
0.12 ± 0.005
1273.59 ± 0.004
0.0009 ± 0.076
0.019 ± 0.118
0.018 ± 0.009
7.82 ± 0.004
25.06 ± 0.004
< 0.00
< 0.00
1983.75 ± 0.4
11.76 ± 0.02
0.125 ± 0.006
< 0.00
2810.92 ± 0.5
2.11 ± 0.005
0.003 ± 0.003
145.50 ± 0.22
19.44 ± 0.02
< 0.00
0.033 ± 0.118
22.24 ± 0.03

Note. *Maximum acceptable content; ** no information.
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terial for oil, the concentration of this element decreased to the value, smaller that the threshold of analytic devices.
In the living organisms iron is an important microelement, catalyzing the processes of oxygen exchange
(breathing). The main intracellular depot of iron is
globular protein complex – ferritin. Iron de¿ciency
manifests itself as a disease: chlorosis for plants and
anemia for animals; its excessive accumulation causes
toxic effect. The overdosing with iron stimulates the
production of free radicals, inhibits the antioxidant system of the organism and is likely to promote the development of atherosclerosis [5].
The content of manganese in the test plants exceeds
MAC by over 17 %. Manganese is one of the most
active microelement which occurs almost in all the
plants and living organisms. It improves the processes
of blood formation. However, the excess of its compounds leads to the toxic effect on the human organism.
In case of signi¿cant poisoning with this element there
is nervous system impairment with a remarkable manganese parkinsonism syndrome.
The concentration of strontium compounds in the
samples of milk thistle seeds, selected in 2013, exceeded maximum acceptable levels more than 29-fold, and
on average for two years of cultivation – 19-fold, but
these compounds were not found in oil – the product
of processing seeds. It is likely that under the impact
of cold pressing (centrifugation) the strontium compounds reacted to produce an unreadable form and
thus did not penetrate oil (Table).
Strontium enters plant organisms from soil, and those
of animals and humans – from food and water, etc.
Soluble compounds of strontium are easily absorbed in
the intestines (10–60 %), but the ¿gure for low soluble
ones is smaller – about 1 %. Strontium is accumulated
in the bone tissue of the organism of animals and humans. Thus, it is an osteotropic element [6].

and play a relevant role in regulating growth processes.
The relevance of zinc for the growth of plants is closely related to its participation in the nitrogen exchange.
Due to the effect of zinc there is improved synthesis
of sugars and starch, the increase in the total content
of carbohydrates, protein substances, ascorbic acid and
chlorophyll. Zinc excess in the nutrition of plants is
rather rare. High content of zinc in soil decreases the
ability of plants to consume copper compounds.
However, high concentration of zinc compounds was
found in the test samples of milk thistle seeds, especially in the seeds, harvested in 2014. On average for
two years of cultivation the content of zinc exceeded
maximum acceptable levels by about 45 %, whereas it
was not found in the product of processing, oil.
Such elements as aluminum, cobalt, silver were found
within the range of maximum acceptable concentration
in the seeds, harvested in 2013, and their concentration
in the seeds, grown in 2014, decreased to the value below the threshold of analytic devices.
The results of the analysis demonstrate that chemical compounds of barium, calcium, iron, magnesium,
molybdenum, strontium, vanadium were accumulated
in the seeds, harvested in 2013, in much higher concentrations compared to 2014, exceeding the maximum
acceptable coef¿cient (if the information about MAC
for them was available). It can be explained by the fact
that the predecessor of milk thistle – plants of purple
echinacea (E. purpurea) puri¿ed soil, having absorbed
chemical compounds during their vegetation period.
The results of analysis of oil, made of milk thistle
seeds, allow the assumption that the processing of raw
material has considerable effect on HM concentration
in the ¿nal product – the former mainly remain in the
press cake.

The value of strontium microelement in the activity of animals and plants is low. However, it is always
present in the organism as a constant support and partial replacement for cadmium. The increased content of
strontium in the human organism leads to bone tissue
impairment, the increase in bone fragility and fast dental decay. The liver and blood are next targets.

Therefore, HM are natural components of the Earth
crust, and are usually present in all the ecological matrices. Nonetheless, HM concentration in some ecosystems increased several times due to anthropogenic
activity. The contamination of environment with heavy
metals is getting global, setting even higher hazard
(mainly due to toxicological risks) for human health
[7]. At the same time heavy metals are required components of all the living organisms, they manifest their
toxicity only being in high concentrations.

Zinc compounds in plants activate the effect of a
number of enzymes, are a part of enzymatic systems,
which participate in breathing, the synthesis of proteins
and auxins, enhance the resistance of plants to stresses,

Therefore, the soils of Kyiv region are quite suitable
for the cultivation of medicinal plants, as HM concentration, accumulated by them during their vegetation, is
generally within the limits of the maximum acceptable
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level. The number of elements, exceeding the mentioned concentration, should be regulated with agroecological methods, which should be improved and
developed.
CONCLUSIONS
As the regulatory documents regarding many relevant elements, which belong to heavy metals, do not
specify maximal acceptable levels for the content of
the latter in the herbal medicines, it is reasonable to
conduct complex studies, involving the specialists of
relevant ¿elds, in order to stipulate this gradation.
In the Kyiv region the milk thistle plants accumulate
large amounts of such heavy metals as cadmium, manganese, strontium, and zinc, which exceed maximal
acceptable level; it testi¿es to partial contamination of
region soils.
The studies revealed that the concentration of most
heavy metals decreases in the product of processing of
milk thistle – oil – down to the value below the threshold of analytic devices. It testi¿es to the prospects of
cultivating the mentioned herbal medicines in the Kyiv
region for industrial processing purposes.
The analytic studies were conducted with the support
of the European project “INSC Program 2011: Health
and Ecological Programmes around the Chernobyl Exclusion Zone”.

ɤɨɩɢɱɢɥɨɫɶ ɭ ɞɟɤɿɥɶɤɚ ɪɚɡɿɜ ɛɿɥɶɲɟ Ba, Ca, Fe, Mg, Mo, Sr,
V ɩɨɪɿɜɧɹɧɨ ɡ ɩɨɤɚɡɧɢɤɚɦɢ 2014 ɪ., ɚ Al, Co, Ag ɜɢɹɜɥɟɧɨ
ɥɢɲɟ ɭ ɡɪɚɡɤɚɯ ɧɚɫɿɧɧɹ ɜɪɨɠɚɸ 2013 ɪɨɤɭ. ȼɢɫɧɨɜɤɢ.
Ɉɫɤɿɥɶɤɢ ɭ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɢɯ ɞɨɤɭɦɟɧɬɚɯ ɞɥɹ ɛɚɝɚɬɶɨɯ ɜɚɠɥɢɜɢɯ ɟɥɟɦɟɧɬɿɜ, ɹɤɿ ɧɚɥɟɠɚɬɶ ɞɨ ɜɚɠɤɢɯ
ɦɟɬɚɥɿɜ, ɜɿɞɫɭɬɧɿ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɿ ɤɨɟɮɿɰɿɽɧɬɢ ɞɥɹ
ʀɯɧɶɨɝɨ ɜɦɿɫɬɭ ɜ ɛɿɨɫɢɪɨɜɢɧɿ ɥɿɤɚɪɫɶɤɢɯ ɪɨɫɥɢɧ, ɬɨ
ɚɤɬɭɚɥɶɧɢɦ ɽ ɩɪɨɜɟɞɟɧɧɹ ɤɨɦɩɥɟɤɫɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɿɡ
ɡɚɥɭɱɟɧɧɹɦ ɮɚɯɿɜɰɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɩɪɨɮɿɥɿɜ ɞɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɨɞɿɛɧɨʀ ɝɪɚɞɚɰɿʀ. Ɋɨɫɥɢɧɢ ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ ɡɚ ɭɦɨɜ Ʉɢʀɜɫɶɤɨʀ ɨɛɥɚɫɬɿ ɭ ɜɟɥɢɤɿɣ ɤɿɥɶɤɨɫɬɿ
ɚɤɭɦɭɥɸɸɬɶ ɬɚɤɿ ɜɚɠɤɿ ɦɟɬɚɥɢ, ɹɤ ɤɚɞɦɿɣ, ɡɚɥɿɡɨ, ɦɚɪɝɚɧɟɰɶ, ɫɬɪɨɧɰɿɣ, ɰɢɧɤ, ɳɨ ɩɟɪɟɜɢɳɭɽ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɿ ɪɿɜɧɿ ɧɚɤɨɩɢɱɟɧɧɹ ɿ ɫɜɿɞɱɢɬɶ ɩɪɨ ɱɚɫɬɤɨɜɟ ɡɚɛɪɭɞɧɟɧɧɹ ʉɪɭɧɬɿɜ ɪɟɝɿɨɧɭ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜ ɩɪɨɞɭɤɬɿ
ɩɟɪɟɪɨɛɤɢ ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ – ɨɥɿʀ í ɤɨɧɰɟɧɬɪɚɰɿɹ
ɨɫɧɨɜɧɨʀ ɱɚɫɬɢɧɢ ɜɚɠɤɢɯ ɦɟɬɚɥɿɜ ɡɧɢɠɭɽɬɶɫɹ ɞɨ ɜɟɥɢɱɢɧɢ, ɦɟɧɲɨʀ ɜɿɞ ɩɨɪɨɝɭ ɱɭɬɥɢɜɨɫɬɿ ɚɧɚɥɿɬɢɱɧɢɯ
ɩɪɢɥɚɞɿɜ. ɐɟ ɩɿɞɬɜɟɪɞɠɭɽ ɩɟɪɫɩɟɤɬɢɜɧɿɫɬɶ ɜɢɪɨɳɭɜɚɧɧɹ ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ ɞɥɹ ɩɪɨɦɢɫɥɨɜɨʀ ɩɟɪɟɪɨɛɤɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɪɨɡɬɨɪɨɩɲɚ ɩɥɹɦɢɫɬɚ, ɜɚɠɤɿ ɦɟɬɚɥɢ,
ɛɿɨɫɢɪɨɜɢɧɚ.
Ɉɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɹɠɟɥɵɯ
ɦɟɬɚɥɥɨɜ ɭ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ
(Silybum marianum (L.) Gaertn.)
Ɉ. ɂ. Ɋɭɞɧɢɤ-ɂɜɚɳɟɧɤɨ 1,
Ʌ. ɇ. Ɇɢɯɚɥɶɫɶɤɚɹ 2, ȼ. ȼ. ɒɜɚɪɬɚɭ 2
e-mail: rudnik2015@ukr.net
ɂɧɫɬɢɬɭɬ ɫɚɞɨɜɨɞɫɬɜɚ ɇȺȺɇ
ɍɥ. ɋɚɞɨɜɚɹ, 23, Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 03027
2
ɂɧɫɬɢɬɭɬ ɮɢɡɢɨɥɨɝɢɢ ɪɚɫɬɟɧɢɣ ɢ ɝɟɧɟɬɢɤɢ
ɇȺɇ ɍɤɪɚɢɧɵ
ɍɥ. ȼɚɫɢɥɶɤɨɜɫɤɚɹ, 31/17, Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 03022
1

Ɉɫɨɛɥɢɜɨɫɬɿ ɡɦɿɧ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜɚɠɤɢɯ ɦɟɬɚɥɿɜ ɭ
ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ
(Silybum marianum (L.) Gaertn.)
Ɉ. ȱ. Ɋɭɞɧɢɤ-ȱɜɚɳɟɧɤɨ1,
Ʌ. Ɇ. Ɇɢɯɚɥɶɫɶɤɚ2, ȼ. ȼ. ɒɜɚɪɬɚɭ2

Ɇɟɬɚ. Ⱦɨɫɥɿɞɢɬɢ ɜɦɿɫɬ ɜɚɠɤɢɯ ɦɟɬɚɥɿɜ ɭ ɧɚɫɿɧɧɿ
ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ (Silybum marianum (L.) Gaertn.)
ɬɚ ɜ ɩɪɨɞɭɤɬɿ ʀʀ ɩɟɪɟɪɨɛɤɢ – ɨɥɿʀ. ȼɢɹɜɢɬɢ ɦɨɠɥɢɜɿ
ɡɦɿɧɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɚɠɤɢɯ ɦɟɬɚɥɿɜ ɡɚ ɪɨɤɚɦɢ ɜɢɪɨɳɭɜɚɧɧɹ ɤɭɥɶɬɭɪɢ. Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ ɩɨɥɶɨɜɢɣ ɿ
ɫɩɟɤɬɪɨɦɟɬɪɢɱɧɢɣ ɦɟɬɨɞɢ, ɪɟɡɭɥɶɬɚɬɢ ɨɛɪɨɛɥɹɥɢ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɢɦɢ ɦɟɬɨɞɢɤɚɦɢ ɭ ɡɟɦɥɟɪɨɛɫɬɜɿ, ɪɨɫɥɢɧɧɢɰɬɜɿ ɬɚ ɫɬɚɬɢɫɬɢɰɿ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɢɡɧɚɱɟɧɨ ɜɦɿɫɬ ɜɚɠɤɢɯ ɦɟɬɚɥɿɜ ɭ ɧɚɫɿɧɧɿ ɪɨɡɬɨɪɨɩɲɿ ɩɥɹɦɢɫɬɨʀ. ȼɢɹɜɥɟɧɨ, ɳɨ ʀɯɧɹ ɤɨɧɰɟɧɬɪɚɰɿɹ ɩɟɪɟɜɢɳɭɽ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɢɣ ɤɨɟɮɿɰɿɽɧɬ ɞɥɹ ɫɢɪɨɜɢɧɢ ɥɿɤɚɪɫɶɤɢɯ ɪɨɫɥɢɧ.
ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɭ 2013 ɪ. ɭ ɧɚɫɿɧɧɿ ɪɨɡɬɨɪɨɩɲɿ ɧɚ-

ɐɟɥɶ. ɂɫɫɥɟɞɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ
ɜ ɫɟɦɟɧɚɯ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ (Silybum marianum
(L.) Gaertn.) ɢ ɜ ɩɪɨɞɭɤɬɟ ɟɟ ɩɟɪɟɪɚɛɨɬɤɢ í ɦɚɫɥɟ.
ȼɵɹɜɢɬɶ ɜɨɡɦɨɠɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɹɠɟɥɵɯ
ɦɟɬɚɥɥɨɜ ɩɨ ɝɨɞɚɦ ɜɵɪɚɳɢɜɚɧɢɹ ɤɭɥɶɬɭɪɵ. Ɇɟɬɨɞɵ.
ɂɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɟɜɨɣ ɢ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞɵ,
ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɚɬɵɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɢɤ, ɨɛɳɟɩɪɢɧɹɬɵɯ ɜ ɡɟɦɥɟɞɟɥɢɢ, ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɟ ɢ ɫɬɚɬɢɫɬɢɤɟ.
Ɋɟɡɭɥɶɬɚɬɵ. Ɉɩɪɟɞɟɥɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ
ɜ ɫɟɦɟɧɚɯ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɢɯ
ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɫɵɪɶɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 2013 ɝɨɞɭ ɜ ɫɟɦɟɧɚɯ ɪɚɫɬɨɪɨɩɲɢ ɧɚɤɨɩɢɥɨɫɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɨɥɶɲɟ Ba, Ca, Fe, Mg,
Mo, Sr, V ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ 2014 ɝɨɞɚ,
ɚ Al, Co, Ag ɨɛɧɚɪɭɠɟɧɵ ɜ ɨɛɪɚɡɰɚɯ ɫɟɦɹɧ ɬɨɥɶɤɨ
ɭɪɨɠɚɹ 2013 ɝɨɞɚ. ȼɵɜɨɞɵ. ɉɨɫɤɨɥɶɤɭ ɜ ɧɨɪɦɚɬɢɜɧɨɩɪɚɜɨɜɵɯ ɞɨɤɭɦɟɧɬɚɯ ɞɥɹ ɦɧɨɝɢɯ ɜɚɠɧɵɯ ɷɥɟɦɟɧɬɨɜ,
ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɬɹɠɟɥɵɦ ɦɟɬɚɥɥɚɦ, ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɟ-
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ɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɯ ɫɨɞɟɪɠɚɧɢɹ ɜ
ɛɢɨɫɵɪɶɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ, ɬɨ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɫɩɟɰɢɚɥɢɫɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɮɢɥɟɣ
ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɨɞɨɛɧɨɣ ɝɪɚɞɚɰɢɢ. Ɋɚɫɬɟɧɢɹ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ ɜ ɭɫɥɨɜɢɹɯ Ʉɢɟɜɫɤɨɣ ɨɛɥɚɫɬɢ ɜ
ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɚɤɤɭɦɭɥɢɪɭɸɬ ɬɚɤɢɟ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɤɚɤ ɤɚɞɦɢɣ, ɠɟɥɟɡɨ, ɦɚɪɝɚɧɟɰ, ɫɬɪɨɧɰɢɣ, ɰɢɧɤ,
ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɭɪɨɜɧɢ ɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɱɚɫɬɢɱɧɨɦ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜ ɪɟɝɢɨɧɚ.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɞɭɤɬɟ ɩɟɪɟɪɚɛɨɬɤɢ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ – ɦɚɫɥɟ í
ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫɧɢɠɚɟɬɫɹ ɞɨ ɜɟɥɢɱɢɧɵ, ɦɟɧɶɲɟɣ ɩɨɪɨɝɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜɵɪɚɳɢɜɚɧɢɹ ɪɚɫɬɨɪɨɩɲɢ ɩɹɬɧɢɫɬɨɣ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɬɨɪɨɩɲɚ ɩɹɬɧɢɫɬɚɹ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɛɢɨɫɵɪɶɟ.
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