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Contamination of the soil of the industrial area with heavy metals is a serious environmental
problem. In research soil samples were taken from the territory of the steel and mining company,
which owns the largest metallurgical plant in Kazakhstan, "Karagandy Metallurgical Plant",
located in the city of Temirtau, Karaganda region, Qarmet JSC, a metallurgical enterprise of
Central Kazakhstan, and the content of heavy metals was determined using atomic absorption
spectrophotometer (AAS) and X-ray fluorescence spectroscopy. Was determined. Eleven heavy
metals were detected in the soil samples and the following heavy metals were found in the
dissolved state: TiO2, MnO, and Fe,Os. It is known that the concentration of heavy metals Sr, Zn,
Cr, and Cu in the soil samples is much higher. According to the research results, it was determined
that the concentration of heavy metals increases in the order of
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg. As a result of the comparison of the three samples
Nel, Ne2, No5 with the highest contamination level, the highest concentration of Strontium in the
first sample is 287,1+0,05 mg/kg (p<0,05), the highest concentration of Zinc in the second sample
is 132,2+0,05 mg/kg (p<0,05), high concentration of Chromium in the first sample is 137,2+0,05
mg/kg (p<0,05), Copper concentration was highest at the second point, amounting to 87,6+0,05
mg/kg (p<0,05). According to the results of the soil samples, it was found that the soil near the
metallurgical plant is contaminated with strontium, zinc, chromium and copper.
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1. INTRODUCTION

Chromium (Cr) is one of the pollutant heavy metal elements that threaten human health, and
animal and plant growth. Human consumption of hexavalent chromium [Cr(VI)] can cause
symptoms such as asthma, cardiovascular disease, and organ failure, and is known to pose a risk to
plants and animals [1]. In addition, Cr(VI), known as an extremely toxic highly mobile oxyanion
species, poses a major carcinogenic risk to ecosystems and human health [2...3]. Therefore, it is
essential to remediate Cr(VI)-contaminated soils to reduce their ecological risk and subsequent
environmental impact. Scientific assessment of the environmental risk of soil chromium (Cr) and
the formulation of ecological standards for it may be of great importance in controlling its toxicity,
as Cr is listed as one of the 20 most dangerous substances by the Agency for Toxic Substances and
Disease Registry [4].

Strontium (Sr), an alkaline earth metal, is a common element in nature [5]. Elevated
concentrations of persistent and radioactive strontium in soil and water are considered a major
public health and environmental concern. Strontium is absorbed by the human body in the same
way as calcium, because these two elements are chemically very similar and accumulate mainly in
human bones and teeth, and also impairs bone growth in children [6]. When strontium enters our
bodies, it can displace calcium from bones or inhibit the production of vitamins and cause leukemia,
rickets, and kidney disease [7].
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Soil contamination with zinc leads to significant environmental problems, including reduced

soil fertility and potential toxicity to plants and microorganisms. Effective recovery strategies are

needed to reduce its adverse effects [8]. High levels of Zn disrupt nutrient cycling and alter
soil microbial communities, affecting ecosystem stability [9]. This pollution can have a significant
impact on the environment, disrupting nutrient cycling, altering microbial communities, and
affecting the overall balance and stability of ecosystems. The effects of zinc on soil microbial
processes and the sensitivity of earthworms to zinc further highlight the potential ecological
consequences of zinc pollution [10]. Zn to soil is mainly from metallurgy (mining, smelting),
agriculture (fertilizers, pesticides, manure), energy use (electricity generation, gasoline), sewage
sludge, surface runoff, etc. enters through [11].

Vanadium is a strategic metal element widely used in modern industries such as metallurgy,
manufacturing and oil refining [12]. Vanadium is widely used in a variety of industries, including
steelmaking, aerospace and renewable energy technologies [13]. Vanadium is highly toxic to living
organisms when exposed to excess, causing damage to the respiratory system and metabolic
disturbances [14]. The United Nations Environment Program (UNEP) recommends placing
vanadium on the priority list of environmental threats [15].

Soil is a constantly developing natural organism important for life on earth. It is the main
medium for plant growth and habitat creation. Soil is a limited resource that provides a variety of
microorganisms for micro- and macro-organisms, and is fundamentally involved in carbon
accumulation and the hydrological cycle (storage, replenishment of aquifers) [16]. The land is an
important resource for human production and livelihood, and with the development of agricultural
and industrial technology, soil contamination with heavy metals is becoming an increasingly
important problem [17]. Excessive and unstable industrialization, intensive agricultural activities,
improper mining, production and use of synthetic products (pesticides, paints, batteries),
combustion products of coal, oil spills and precipitation, metal waste, and fuel residues have made
the restoration of soil ecosystems contaminated with heavy metals and metalloids, damaged by high
sediment levels of toxic metals, an important issue for humanity [18].

Today, environmental pollution with heavy metals is the most serious problem on a global
scale, causing damage to plants, animals and humans through chronic or acute exposure [19].

Heavy metals are the inorganic pollutants of greatest concern due to their toxicity and
persistence in the environment [20]. Heavy metals are non-biodegradable by nature, some of them
combine with other components to form stable but toxic compounds [21]. Heavy metals are not
biodegradable due to their chemical complexity and stable nature [22]. Heavy metals are known to
be very toxic even in small amounts [23], are particularly dangerous pollutants of the natural
environment, and even at low concentrations can cause various pathologies in the development of
living organisms. The increase in heavy metals leads to many physical, chemical and biological
changes in the environment. The nature and extent of such changes depend on the composition and
form of heavy metals in natural objects [24]. The group of heavy metals mainly includes 19
chemical elements: Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Mo, Cd, Sn, Sh, Te, W, Hg, TI, Pb, Bi.
The most typical heavy metal contaminants are: Pb, Cd, Hg, Zn, Mo, Ni, Co, Sn, Cu, V, Sh, As
[25].

Regarding their role in biological systems, heavy metals are classified as essential and non-
essential. Essential heavy metals are those that living organisms need in small amounts for vital
physiological and biochemical functions. Important heavy metals include Fe, Mn, Cu, Zn, and Ni
[26]. Nonessential heavy metals are those that living organisms do not need for physiological or
biochemical functions. Non-essential heavy metals: Cd, Pb, As, Hg and Cr [27].

A serious global environmental problem is environmental pollution with heavy metals,
namely cadmium, lead, arsenic, mercury and nickel [28]. Metals play an important role in our
society, and the metallurgical industry includes activities as diverse as mineral exploration, mining,
screening, smelting and rolling. Ferrous and non-ferrous metallurgy is primarily responsible for the
production and refining of metals [29].

Anthropogenic sources of environmental pollution with heavy metals include metal
production, smelting, production of fertilizers and pesticides, metal leaching from landfills, and
industrial wastewater [30...31]. With the rapid development of the metallurgical industry, a large
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amount of metallurgical sludge was produced. The composition of industrial sludge consists of

various sources, mainly heavy metals, organic pollutants, viruses and microorganisms [32]. Owing
to backward production and processing technologies, a huge amount of mining wastes
(metallurgical slags, tailings, tailings, etc.) are generated during mining, smelting, etc. The smelting
of metal ores caused severe environmental pollution and damage to the environment [33].

Unprocessed waste takes up land resources, and very high concentrations of metals and
metalloids are transferred to the atmosphere, water, soil and groundwater, which pose a threat to
human health through food intake [34].

All heavy metals emitted by different types of industrial activities are toxic above a certain
concentration level, and As, Cd, Hg and Pb are the most toxic elements even at low concentration
levels [35]. The increased level of toxic metals in the environment poses a potential threat to human
and environmental health, so it has attracted the attention of scientists around the world [36]. They
are typically found in submicron-size fractions (<1 um) with different physical and chemical
properties related to their appearance, size, solubility, and toxicity [37]. Heavy metals such as Cd,
Cu, Pb, and Zn, known for their higher toxicity, are also recognized as potentially toxic elements,
and are associated with the metallurgy industry, mining, waste incineration, road infrastructure,
smelting plants, and the burning of fossil fuels [38]. Their concentration is significantly higher in
urban/transport and industrial areas [39].

Humans are harmed by inhaling, swallowing and skin contact with toxic fine dust particles
of heavy metals. This effect leads to serious human health problems such as depression and anxiety,
immune, endocrine, respiratory and other diseases [40].

Arsenic (As) is a common constituent of many ores and appears as a major, minor, or trace
element in sulfides associated with mine tailings. It is a redox element, usually found in soil in two
oxidation states +3 and +5. Arsenate (As(V)) is generally considered to be less toxic than arsenite
(As(11) [41]. Cadmium (Cd) is highly toxic because it is easily absorbed by plant roots and
transported to above-ground parts. Itai-Itai disease caused by Cd residue deposition is a well-
documented phenomenon [42]. Lead (Pb), the most toxic heavy metal pollutant found in many
fertilizers, is readily absorbed and eventually accumulates in the edible parts of medicinal plants
[43].

Heavy metals adversely affect the circulatory system, endocrine system, and central nervous
system, leading to stunted growth, kidney disease, and various types of cancer [44].

The use of pesticides and fertilizers, as well as the growth of industrial production in the
surrounding area, has led to the accumulation of heavy metals in the soil in recent years. A national
soil contamination study conducted in 2021 [45] found that the concentration of heavy metal
elements exceeded the threshold by more than 20 % in agricultural lands. The toxicity of these
metals represents a complex environmental issue that bioaccumulates and is non-biodegradable in
the environment [46]. Toxicity and the predicted persistence of environmental contamination with
heavy metals are of concern [47]. Heavy metals have carcinogenic, teratogenic and mutagenic
properties that can adversely affect human health [48].

Industrial areas are generally exposed to high levels of air pollution due to the predominance
of local industrial emissions [49].

Crops rich in these heavy metals can enter the human body in various ways, such as hand-to-
mouth contact, which can have harmful effects on human health [50]. As a result of all these
activities, heavy metals accumulate in the soil and become polluted. Contaminated soil poses a
significant threat to ecosystems and humans [51]. Removing these heavy metals from the polluted
environment through natural and human intervention and converting them into useful niches for
life is a priority [52]. The purpose of the work is to evaluate the characteristics of the distribution
of heavy metals in the soil cover in the territory of metallurgical enterprises.

2. MATERIALS AND METHODS

The soil was chosen as the main object of study due to the long-term impact of anthropogenic
sources of pollution, as soils are integral components of technogenic landscapes and are directly
influenced by human activities. Soil absorbs toxicants from the air and water environment and acts
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as a filter. In this regard, the amount of toxic elements in soil and plants can be considered as a

diagnostic sign that determines the impact of transport and industrial enterprises [53].

Study area The soil cover in the territory of Qarmet Joint Stock Company Complex
«Karagandy Metallurgical Plant» located in the city of Temirtau, Karaganda Region, Central
Kazakhstan, Republic of Kazakhstan is shown in Figure 1. The presented maps were created using
ArcGIS 10.6.
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Figure 1. Map of the territory of Qarmet JSC.
Note: created based on the author

The geolocation of soil sampling points is shown in Figure 2. The coordinates of the soil
sampling points are: 50.04'47"09N and 73.04'13"95E. At the end of September 2023, soil samples
were taken from the production areas of Central Kazakhstan at a depth of 25...30 cm of the root
layer using the "envelope method". The soil sampling process was carried out according to GOST
17.4.4.02-2017 [54].
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Figure 2. Location map of the study area with sampling points.
Note: created based on the author
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Soil samples were taken from five points on the territory of the Qarmet Joint Stock Company

complex «Karagandy Metallurgical Plant» from different distances. Four points were marked in
the corners of the test areas and one in the middle. From the point in the middle of the first sample
and this first point, the second point sample is £158,58m, the third point sample is +488,88m, the
fourth point sample is £696,55m, the fifth point sample is +£255,18m (total five samples). The sixth
soil sample was taken from the clean area for control purposes. Samples were collected in clean
plastic bags weighing approximately 1 kg. The collected samples were sequentially numbered and
delivered to the laboratory. Laboratory analysis of soil samples was carried out to determine heavy
metals. Atomic absorption and X-ray fluorescence spectroscopy methods were used in the work.

3. RESULTS AND DISCUSSION

As a result of experimental studies, the concentrations of heavy metals in soil samples taken
near this production area are presented in Figures 3...8. The distribution of the concentration of
heavy metals in soil samples is described in the histogram. The vertical axis shows heavy metals,
and the horizontal axis shows the concentration of metals in mg/kg. The blue columns represent
the soil samples taken from five points on the territory of the Qarmet Joint Stock Company complex
«Karagandy Metallurgical Plant», the orange is the soil sample taken for control purposes from the
clean area.
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Figure 3. Amount of heavy metals (mg/kg) in the soil taken from the first point

The soil sample taken from the first point (sample) in Figure 3 showed the highest values of
Sr, Cr, Zn and V. They are, respectively, Sr — 287,1+0,05 mg/kg (p<0,05), which is about three
times more than the amount of strontium in the soil sample taken from the clean area (control). Cr
is 137,2+0,05 mg/kg (p<0,05), which is about five times higher than the amount of chromium in
the sample taken from the clean area. Zn is 115,3+0,05 mg/kg (p<0,05), which is four times higher
than the amount of zinc in the soil sample taken from the control area. V — 78,4+0,05 mg/kg
(p<0,05), about ten times more than the amount of vanadium in the soil from the control area.

As shown in Figure 4, the maximum accumulation of heavy metals Sr, Zn, Cr, and Cu (mg/kg)
was observed in the soil sample taken from the second point (sample). Strontium is 281,6:+0,05
mg/kg (p<0,05), about three times more than strontium in the soil sample from the clean area. Zinc
is 132,2+0,05 mg/kg (p<0,05), which is about five times more than the amount of zinc in the sample
from the clean area compared to the soil in the control sample. Chromium is 98,5+0,05 mg/kg
(p<0,05), which is three times higher than the amount of chromium in the soil sample taken from
the control area. Copper is 87,6:+0,05 mg/kg (p<0,05), which is about four times more than the
amount of copper in soil from the control area.

Figure 5 shows that at the third point (sample), the highest index of heavy metals increased in
the order Sr>Zn>Cr>V. Strontium is 490,1+0,05 mg/kg (p<0,05), which is about 5,5 times higher
than the amount of strontium in soil from the control area. Zinc is 91,4+0,05 mg/kg (p<0,05), which
is three times higher than the zinc concentration in the soil sample from the clean area. Chromium
is 84,5+0,05 mg/kg (p<0,05), which is three times higher than chromium in soil from the control
area. Vanadium is 76,5+0,05 mg/kg (p<0,05), the amount of vanadium in the soil is about ten times
higher than in the control area.
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Figure 4. Amount of heavy metals (mg/kg) in the soil taken from the second point
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Figure 5. Amount of heavy metals (mg/kg) in the soil taken from the third point
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Figure 6. Amount of heavy metals (mg/kg) in the soil from the fourth point

Figure 6 shows that in the soil sample taken from the fourth point, heavy metals are increasing
in the order Sr>V>Zn>Cr. Strontium is 263,5+0.,5 mg/kg (p<0,05), which is about three times
higher than the amount of strontium in soil from the control area. Vanadium is 86,7+0,05 mg/kg
(p<0,05), which is about ten times higher than the concentration of vanadium in a soil sample taken
from a clean area. Zinc is 82,5+0,05 mg/kg (p<0,05), which is about three times higher than soil
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zinc from the control area. Chromium is 72,6+0,05 mg/kg (p<0,05), which is about twice as high

as chromium in the soil from the control area.
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Figure 7. Amount of heavy metals (mg/kg) in the soil from the fifth point

Figure 7 shows that heavy metals increased in the order Sr>Zn>Cr>V in the soil sample taken
from the fifth point. Strontium is 202,3+0,05 mg/kg (p<0,05), which is about 2,2 times higher than
the strontium level in the soil sample from the control area. Zinc is 105,6+0,05 mg/kg (p<0,05),
which is about four times higher than the zinc level in the soil sample from the control area.
Chromium was 95,5+0,05 mg/kg (p<0,05), about three times higher than chromium in the soil
sample from the control area. Vanadium is 82,3+0,05 mg/kg (p<0,05), which is about four times
higher than the zinc level in the soil sample from the control area.
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Figure 8. Amount of heavy metals (mg/kg) in the soil obtained from points Nel, Ne2, and Ne5

The results of the comparison of the three points (samples) with the highest contamination
levels are shown below. The highest concentrations of strontium are observed at the first point:
287,1+0,05 mg/kg (p<0,05), at the second point: 281,6+0,05 mg/kg (p<0,05), and at the fifth point:
202,3+0,05 mg/kg (p<0,05). The highest concentrations of zinc are observed at the second point:
132,2+0,05 mg/kg (p<0,05), at the first point: 115,3+0,05 mg/kg (p<0,05), and at the fifth point:
105,6+0,05 mg/kg (p<0,05). High concentrations of chromium were observed at the first point:
137,2+0,05 mg/kg (p<0,05), at the second point: 98,5+0,05 mg/kg (p<0,05), and at the fifth point:
95,5+0,05 mg/kg (p<0,05), while high concentrations of copper were observed at the second point:
87,6+0,05 mg/kg (p<0,05), at the first point: 72,2+0,05 mg/kg (p<0,05), and at the fifth point:
67,3+0,05 mg/kg (p<0,05). The following order of increasing elements in the soil was determined:
Sr>Zn>Cr>Cu
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4. CONCLUSION

The results of the study showed that, according to the Environmental Code of the Republic
of Kazakhstan [55], the level of heavy metals in the soil in industrial areas, regardless of distance,
exceeded the maximum permissible concentration (MPC). A mosaic pattern of heavy metal content
was observed, depending on the sources of emissions. It was found that soil samples taken from
industrial areas contained higher levels of Sr, Zn, Cr, and Cu compared to samples taken from clean
areas. Mercury (Hg) and cobalt (Co) were found to be uniformly distributed at very low
concentrations in all soil samples.

The highest level of contamination was detected: the maximum concentration of strontium
was found at the first point, amounting to 287,1+0,05 mg/kg (p<0,05), which is approximately three
times the MPC value. The highest level of zinc was found at the second point, amounting to
132,2+0,05 mg/kg (p<0,05), exceeding the MPC by approximately six times. The maximum
concentration of chromium at the first point was 137,2+0,05 mg/kg (p<0,05), which is about twenty-
three times higher than the MPC value. Copper concentration was highest at the second point,
amounting to 87,6+0,05 mg/kg (p<0,05), which exceeds the MPC by approximately twenty-nine
times.

According to the study’s conclusions, the territory near the metallurgical enterprise
«Karaganda Metallurgical Plant» of Qarmet Joint Stock Company in Central Kazakhstan showed
the highest levels of contamination with heavy metals such as Sr, Zn, Cr, and Cu. A comparative
analysis of the indicators of the four most contaminated points revealed the following results: for
Sr, No1>Ne2>Ne5, for Zn, Ne2>Ne1>Ne5, for Cr, Noe1>Ne2>Ne5, and for Cu, Nel1>Ne2>Ne5. Based on
these results, it was determined that the soil in areas closest to the «Karaganda Metallurgical Plant»
of Qarmet JSC is heavily contaminated with heavy metals, posing significant ecological risks.

This issue impacts not only local ecosystems but also the overall environmental condition of
the region. To reduce contamination, it is necessary to conduct periodic monitoring of heavy metal
accumulation, apply cleaning technologies in accordance with the requirements of the
Environmental Code, and implement soil remediation methods. These recommendations include
effective measures to improve soil quality and ensure the sustainability of local ecosystems.
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OHAIpICTIK ayMaKTBIH TOMBIPAFBIHBIH ayblp METAIJApPMEH JIaCTaHybl KypJeni
SKOJIOTHSUTBIK  TipoOsiemMa Oonbin  Tabbutazpl. 3eprreyae Optanbik KazakcTaHHBIH
METaTyprisuiblK - Kocimopbiabl Qarmet AK — Kaparauner oOmbeickl  Temiptay
KaJlachIHJIa OpHajackaH KazakcraHmarel €H ipi METaLTyprisuIblK 3aybIT "Kaparaumbl
METAJUTyPTHSUTBIK, 3ayBITBIHA" HENIK €TeTiH 00JaT oHE Tay-KeH OHTIPYII KOMITAHWS
ayMarblHaH TOIBIPAK YJITLIEpi AJBIHIBI )KOHE ayblp METalAapABIH KYPaMbl aTOMJIBIK
abcopOimsiblK  ciektpooTomerp (AAS)  KoHE pPEHTTeHIIK  (IIyOpecuUeHTTI
CIIEKTPOCKOTHSI KOMETiMEH aHBIKTANIbl. AJIBIHFAH TOTBIPAK ChIHAMallapblHAA OH Oip
aybIp MEeTaJIAap aHBIKTAJIIBI )KHE epireH KyHiHjae MbIHa aybIp Metanaap ke3aecti TiOy,
MnO, Fe;Os. Tombipak cerHamanapsiaaarel Sr, Zn, Cr sxoHe Cu ayblp MeTanigapabiH
KOHLICHTPALMSICBIHBIH, ~ aHaFypJIbIM JKOFapbl eKeHAiri Oenrimi  Oommel.  3epTrey
HOTIDKENEpI  KOpPCeTKEHJAEH ayblp MeTaljapiblH  KOHIEHTPAUMSCHIHBIH — ocyi
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg permen OONAaTHIHIBIFEI  aHKBIHIAIIBL.
Jlactany nmeHreifi eH >xorapbl OomraH ym yiriHi Nel, Ne2, No5 e3apa caipICTBIpY
HoTIKeciHae CTpoHIHM eH )KOFaphl KOHIIEHTpaIHACH Oipinami yarige 287,140,05 Mr/kr
(p<0,05), MBIpBIITHIH €H JKOFaphl KOHIIEHTPAIACH eKiHmi yarige 132,2+0,05 mr/kr
(p<0,05), XpoMHBIH >XOFapsl KOHIEHTpauwscel OipiHmi yirize 137,2+0,05 wmr/kr
(p<0,05), MBICTBIH >kOFapbl KOHIIGHTpAIMACHI eKiHmi yarige 87,6+0,05 mr/kr (p<0,05)
OOJIFaH/IBIFBl AHBIKTANIBL. AJIBIHFAH TOTBIpAK ChIHAMalapblHBIH KepCeTKilliHe cail
METALTYPrUsIbIK KOMOWHAT MAaHBIHIAFbl TOMBIPAK JKaMBUIFBICBIHBIH CTPOHLUH,
MBIPBIII, XPOM KOHE MBICIICH JIaCTaHFaHbl aHbIKTAJI/IbI.
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ABCTPAKT

3arpsi3HEHHE TO4YBbI B IPOM3BOJCTBEHHON 30HE TSDKENBIMUH METaJIaMU SIBJISETCS
CIJIOYKHOH dKOJIorHYecKoit npobiiemoit. B nccnenoBanuu ObuM B3STH 00pa3Lbl MOYBHI C
TEPPUTOPUH MeTaTyprudeckoro npeanpuarus LienrpansHoro Kasaxcrana Qarmet AO
— KpymHeWmero Meraurypruueckoro 3aBojga Kasaxcrana «KaparanauHcKui
METALTyprHYecKnuil 3aBOJ», pacloiioxkeHHoro B ropone Temupray, KaparananHckas
o0ylacTh, W COCTaB TSDKENBIX METALIOB OBUI ONpenesiéH C IOMOIIBI0 ATOMHO-
abcopbumonHoro cnekTpooromerpa (AAS) W peHTTEHOBCKOH (IyopecueHTHOM
CIeKTpocKomuu. B mpobax mnouBbl OOHapykeHO 11 TKeIbIX MeTawioB, a B
PacTBOPEHHOM COCTOSIHUM OOHapy»KeHbI cieayromue Tsoxensie Metaiutel: TiO2, MnO,
Fe;03. 3BecTHO, 4TO KOHICHTpAIUs TsoKeNbIXx MeTamuioB Sr, Zn, Cr u Cu B mpobax
HOYBBI 3HAYUTENbHO BbIIe. [l0 pe3ynbTaraM HCCIEAOBAaHUI YCTAaHOBIIEHO, 4TO
KOHICHTpALHs TSDKEJIBIX METaJJIOB BO3pacraer B psny
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg. B pe3ynsraTte cpaBHeHus Tpex mpod Nel,
Ne2, No5 ¢ HamOOJBIIMM YPOBHEM 3arps3HEHHs] Hauboyiee BBICOKAsh KOHIICHTPAIIMS
CTpOHIIUS B TepBoil mpobe coctasiser 287,1+0,05 mr/kxr (p<0,05), Hanbombiias
KOHLICHTpPALHsI IIMHK BO BTOpoH mpobe coctaiseT 132,2+0,05 mr/kr (p<0,05), Boicokast
KOHLIEHTpaLust XpoMma B nepBoit pode 137,2+0,05 mr/kr (p<0,05), ycraHoBieHO, 4TO
HauOOIbIIasl KOHIEHTpanwst Meau coctaBmia 87,6+0,05 mr/kr (p<0,05) B BTOpOM
obpasue. Ilo pesynpraram aHanu3a NmpoO® MOYBHI YCTAHOBJIEHO, YTO IOYBAa BO3JIE
METATYPrHYeCcKOro 3aB0/Ia 3arpsi3HeHa CTPOHIIMEM, IIMHKOM, XPOMOM U MEJIBIO.
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