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USING MICROORGANISMS FOR SOIL PURIFICATION
FROM HIGH-PARAFFIN CRUDE OIL

Abstract. This paper presents the research data aimed at resolving the problem of soil purification from high-
paraffin crude oil using microorganisms.Samples of oilcontaminated soil were taken from the walls of the oil storage
pit at the Uzen oilfield. According to the analysis of the oilcontaminated soil samples, the share of oil was 28 %, the
share of mechanical impurities — 9.7 %, and the share of water — 60 %.It has been found that according to the
API(American Petroleum Institute) indicators, that oil chemical composition may contribute to its rapid
decomposition during bioremediation. Paraffin hydrocarbons are also easily decomposed by bacteria. The bacterial
preparation «SHER» was used in laboratory experiments.The method of bacteria immobilization with the «SSHER»
biological product on the medium made from screenings of shell limestone wastes has been chosen.The conditions
for conducting experimental laboratory studies on cleaning oil-contaminated soils by biological remediation are
described.According to the results of the research, it was established that the immobilization of bacteria of the
biological product "Sher" by a carrier in the form of sifting limestone-shell rock showed a high degree of purification
of oil-contaminated soil (88.63%).To study the further activity of bacteria, experiments were conducted on the
secondary use of thesolution of residual mother waterof the biological product "SHER", used in the process of
cleaning oil-contaminated soil.The results of experimental studies using solution of residual mother water and
immobilization by screening showed the degree of soil purification (45.7%).

Thus, based on the results of studies of the drug "SHER", it can be concluded that this drug can effectively
neutralize oil products in the soil.

Keywords: soil, oil, microorganisms, biological product, screenings, immobilization.

Introduction.The main environmental problem arising from various accidents at oilfields where
high-paraffin crude oil is developed is the contamination of soil and surface waters. At the same time, the
water-and-air conditions of the soil are disrupted, and a sharp reduction of the natural redox reactions
occurs.

A widely known and a priority line of efforts in soil purification and remediation of oil-contaminated
soil (OCS) is bioremediation [1,2]. It is known that complete decomposition of petroleum hydrocarbons
requires exposure to many bacteria of various species, mainly lactic acid bacteria (LAB). The SHER
biological product used for soil purification from oil is based on Lactobacillus and Pediococcus, which
form the core of this group of bacteria. It has been found that upon immobilization of carbon-oxidizing
microorganisms (COM) with LAB of theLactobacillusgenus, exopolysaccharides are stably formed in
them. Thus, stable degradation of hydrocarbons is achieved. Lactobacilli have a strong potential for
synthesizing exopolysaccharides. The possibility of bacterial cells' growth and reproduction in the
presence of the medium is also manifested. With that, the degree of the cells' immobilization may achieve
75-85 %. Researchers have found that paraffin hydrocarbons are most easily decomposed by bacteria.
A promising line of efforts for soil purification from oil is COM immobilization on various media (peat,
vermiculite, etc.). It is known that a neutral medium is perfect for biodegradation[3]. For instance, for
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saline (alkaline) soil, the introduction of a medium in the form of shell limestone screenings improves the
contact of OCS with the microorganisms. It helps neutralize the medium.

The cells of the product bacteria immobilized on the medium are not subjected to leaching and
weathering, and retain viability under direct exposure to solar radiation. In this regard, the use of
biological products with several types of microorganisms immobilized by a medium made of local
materials is relevant.

The work has been aimed at experimental studying and at assessing the effectiveness of purifying the
soil contaminated with such oil using the SHER biological product.

Materials and methods.The physicochemical properties of the oil were studied at the Ken-Sary LLC
accredited chemical laboratory. The oil density at 20 °C and 15 °C was determined according to normative
document (ND) KR ST 2.153-2008/ST RK. The mass content of water was determined following
ND GOST 2477-65. The concentration of chloride salts was determined following ND GOST 21534-76.
Chloride salts were extracted from the oil with water, followed by color-indicator titration of the aqueous
extract from the oil solution. An oil sample was thoroughly stirred for 10 minutes by shaking in a
flask,and filled with water to 2/3 of its capacity. Immediately after shaking, the oil sample was pipetted for
analysis. The mass content of solids was determined following ND GOST 6370-83.

Identification of the consortium of microorganisms in the SHER biological product.The data
about the total quantitative (in percent) microbial composition of the biological product at the gene level
were obtained at the Scientific Production Center for Microbiology and Virology LLP in Almaty,
Kazakhstan. The new-generation method of sequencing on a MiSeqllluminia (USA) full-fledged
sequencer was used. The data were processed using the MiSeqReporter application by comparing the V3
and V4 regions of the [6STRNA gene to the corresponding sections of the reference strains in the
Greengenes Database international database [4]. The data were obtained directly from the product, without
the stage of cultivation on a nutrient media. Twenty-three organic compounds were identified with the
probability of at least 90 % using the chromatographic analysis of the hexane extract from a sample of the
soil purified from oil. The Agilent MSD ChemStation (version 1701 EA) software was used for
controlling the system of gas chromatography and data processing.

The chemical and mineralogical composition of the screenings of shell limestone wastes. The
chemical and mineralogical composition of a sample of shell limestone was studied at the Central
Laboratory for Certification Testing of Construction Materials LLP (TselSIM LLP) in Almaty,
Kazakhstan. The X-ray diffraction analysis (XRD) was performed on a modernized CuK, radiation
DRON-3M diffractometer with appropriate software. The XRD patterns were obtained in the angles
interval of 10...70 degrees. The sample was prepared according to the following scheme. Initially, the
tested substance was crushed in an agate mortar to powder, the powder was then placed into a Plexiglas
cuvette pre-lubricated with vaseline, and pressed a little. Next, in order to remove the texture, the excess
of the powder was cut off with a razor blade. The derivatographic analysis (DTA) was performed on
an upgraded Derivatograph Q-1500D installation made by the MOM Company. For the analysis, the
sample was prepared in the following order. The tested substance was crushed in an agate mortar to
powder. A weighed sample of the tested substance was then placed in a crucible. Thermograms were taken
up to the temperature of 1,000 °C with the heating rate of 10 °C per minute. Al,O3; powder was used as the
reference in the thermocouple; the thermograms were taken up to the temperature of 1,000 °C with the
heating rate of 10 °C per minute.

Results and discussion.The effectiveness of purification of the soil contaminated with high-paraftin
crude oil was studied using the «SHER» biological product developed at «Scientific Industrial Enterprise
Altai Agro Farm Ltd». It is known that decomposition of petroleum hydrocarbons with biological products
requires studying the soil type in the area. It is also necessary to consider the level of soil contamination
with oil.

Samples of oilcontaminated soil(OCS) were taken from the walls of the oil storage pit at the Uzen
oilfield. The soil cover at the Uzen oilfield is represented by gray-brown desert soil. This soil is formed on
the carbonate and gypsum eluvium of Sarmatian limestones, in the conditions of the sharply nonleaching
type. The total share of salts is 1.128 %, including chlorine — 0.06 %, sulfates — 0.72 %, calcium —
0.305 %, and magnesium — 0.05 %. In general, the soil in this region ranges from gray-brown desert soil to
saline soil, the same as throughout the entire coastal zone of the Caspian Sea [5,6]. According to the
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analysis of the OCS samples, the share of oil was 28 %, the share of mechanical impurities — 9.7 %, and
the share of water — 60 %. It is known that oil chemical composition influences the decomposition rate.
Lower molecular weight of the product contributes to greater intensity of its decomposition. In the studies
of USA scientists in the field of bioremediation, the API (American Petroleum Institute) gravity indicator
was used, which reflected these differences in the oil chemical composition. For instance, crude oils with
the API index more than 30 and the density less than 876 kg/m® decomposed faster (within a few weeks
and months). However, if the API index of crude oil was less than 20 (density more than 934 kg/m?), the
decomposition process extended to three years or more. Table 1 shows some properties of the studied
high-paraffin crude oil.

The table shows that according to the API indicators, this oil features the chemical composition that
may contribute to its rapid decomposition. For instance, the properties of the high-paraffin crude oil from
the Uzen oilfield, which therefore has a high congelation temperature within +30 — 36 °C, allow
bioremediation, since the density of this oil in API degrees is more than 30. As to its qualities, this is a
unique sweet crude oil, from which high-index (100 and above) motor oils are obtained.

The concentration of asphaltenes in oil (C4) is much higher than that of polycyclic aromatic
hydrocarbons (C). This property of the Uzen oil at the early stages of thermal decomposition, as a result of
the asphaltenes' transition to the second phase, ensures formation of a microheterogeneous system. As a
result, asphaltenes rapidly turn into carboides (Carbo — coal; Eidos — similar).

Table 1 — Some properties of the sump oil from the Uzen oilfield

Physicochemical and chemical (main components) properties Unit of measurement Value
of oil with high congelation temperature
Density API 31.4-357
kg/m’ 856.7 —874.1

The reaction of the medium pH units 73+£0.5
Congelation temperature °C +30—+36°C
Humidity % 13.7+2.6
Soil air mg CO2/(dm-h) 0.317
Nitrogen by Kjeldahl % of weight 0.138 - 0.975
Paraffins % of weight 13.6 -21.8
Asphaltenes % of weight 0.7-2.7
Silica gel resins % of weight 16.1 -23.8

The bioremediation experiment was performed at the «Ecology and chemical engineering» laboratory
following the technology that consisted of mixing contaminated soil with the biological product and the
medium. One-and-a-half-liter 20 cm high containers were used. During the 10 days of the experiment in
the summer, when the temperature reached 35 °C, constant conditions were maintained at the laboratory.
The temperature was maintained within 20 £ 2°C, the pH of the medium — within 6.7 — 7.3, and humidity —
within 60 — 70 %. Soil humidity was determined by drying a soil sample to the constant weight at
105 = 5°C. An important indicator of soil bioactivity, which testified to the live activity of soil and
activity of the biota, was soil respiration. The intensity of the microbial biomass respiration was
determined following the Rowell's method [5].

The «SHER» biological product is based on the Lactobacillus and Pediococcus LAB, which form the
nucleus of this group of bacteria, as well as the gram-negative spore-forming bacteria (Citrobacter
freundii), which develop well in contaminated soil. Currently, bacterial strains of the Lactobacillus genus
are widely used by researchers for developing new probiotics [7]. NGS sequencing of the consortium of
microorganisms in the SHER biological product identified a microbiome of the following type: Firmicutes
(96.42 %), Proteobacteria (1.78 %), unclassified (1.4 %), and other phyla (0.4 %). The dominant species
in the community were the Lactobacilluscamelliae bacteria (15.24 %). At the class level, 96.15 % of all
the representatives of the consortium were identified as Bacilli, of which 95.69 % of the bacteria at the
level of the order were identified as Lactobacillales. Classification at the level of the family identified the
share of the Lactobacillaceae bacteria taxonomic unit as 95.28 %.

The SHER biological product was used as the ML. A plastic container (40 liters) was filled with
20 liters of water without chlorine, and 1 kg of the product was placed into it. The water was stirred with a
wooden handle until complete dissolution, after which fifteen more liters of chlorine-free water were
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added. The mixture was thoroughly stirred and left for 26 hours without closing the container for
awakening the microorganisms. The dosages of introducing the SHER biological product as the ML are
shown in table 2. The scientific novelty of the experimental studies was that the authors used an adsorbent
in the form of limestone waste for achieving the efficacy of soil purification from oil by increasing the
activity of COM [8].

For instance, in the experiments, the medium for immobilizing the bacteria in the composition of the
«SHER» biological product was the screenings of the shell limestone wastes from the Uzen quarry. The
physicochemical composition of the screenings was the following: carbonate calcite CaCOs with a small
amount of magnesium carbonate Mg(CO3) and dolomite CaMg(CO3). The content of CaO was 53.59 %,
and that of CO, — 43.71 %. The content of pure calcite was 56 %, and that of CO, — 44 %. Immobilization
of COM in the SHER biological product on the limestone medium with stirring the solution for 3 — 5
hours contributed to the stable degradation of hydrocarbons only on the second day of the experiment
[8,9].

Upon contact of the oil in OCS with the ML, the process of its decomposition by microorganisms
started. Paraffin hydrocarbons in the oil were most easily decomposed by bacteria. The oil film on the
surface of the solution prevented aeration. During the mixing process, oxygen was absorbed by the ML,
which contributed to decomposition of lighter hydrocarbons with the release of a strong odor. Calcite in
the screenings contributed to a more intense release of emulsion.

The presence of various bacteria species in the SHER biological product allowed achieving higher
degree of oil degradation. The data in the experiments, show that increasing the dosage of the biological
product (to 1.2 1) did not improve the effectiveness of soil purification from oil. At this stage, the reason
was difficult to explain, since it required additional experiments. Thus, immobilization of bacteria in the
SHER biological product on a medium in the form of shell limestone screenings showed a high degree of
OCS purification (88.63 %) (figure 1). The appearance of the initial sample of OCS and a photomicro-
graph of purified soil are shown in figure 2.

Indicators of the OCS with high paraffin content purification with the
EM-Eco product

Initial o1l content in Afer two days Purification efficacy, Afer three days Punfication efficacy,
the OCS, w'kg 0% L
—M—OC S Screenings: BP D OCS: Screenings: BP3 OCS: Screenings: BP2

Woeight ratios
04kg06kg101 03kg03kg121 D6kg04kg121

Figure 1 — The degree of OCS purification from oil using the SHER biological product

This result of OCS purification was obtained in a very short time at the laboratory. It is known that
the bacteria that show a high degree of soil purification from oil at a laboratory are not always effective in
real conditions. In this regard, in the future, in order to substantiate the effectiveness of the «SHER»
biological product, studies will be performed directly in the area of DOW accumulation.
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Figure 2 — The appearance of the initial OCS (1) and a photomicrograph of the purified soil (2).
Light crystals of paraffin are visible on the photo

To study the further activity of the bacteria, experiments were made on the secondary use of the
residual mother liquor (RML) of the SHER biological product used for purification from organic wastes
[10]. One-and-a-half kilogram samples of oil sludge (OS) in the form of a hardly separable emulsion were
taken from the upper layer of the sludge tank. For long-term storage of OS, sludge tanks had three layers:
the upper (hardly separable emulsion), the middle (contaminated water), and the bottom (with the
predominance of mechanical impurities). On the surface of the sludge tank, no oil film was present. The
surface of the OS samples was cleaned from the layer of dust and sand abrasive.

According to the results of the analysis, the content of the oil sludge in the samples was 28 %, that of
mechanical impurities and residues of sand abrasive — 36 %, that of paraffin and asphaltene-resinous
impurities — 26 %, and that of water — 17 %. The RML was filtered to remove the emulsion that had
formed during the previous soil purification experiments. With that, the RML was used without delay
[11]. Upon the secondary use of the RML with immobilization of the bacteria on a limestone medium
during the work, same as in the above experiment, the substrate based on OS and screenings of shell
limestone was stirred with the addition of the RML and water (table 2). Stirring was performed for two
days 6 — 8 hours a day.

Table 2 — The results of the secondary use of the SHER ML

Indicator Variants (No.) of the experimental studies in OCS purification
No. 1 No. 2 No. 3
Formulation OS:Screenings:RML:H20 | OS:Screenings:RML:H20 | OS:Screenings:RML:H20
Weight ratios 50 g:70 g:20 m1:80 ml 50 g:60 g:50 m1:50ml 100 g:135 2:200 m1:20 ml
Initial oil content in OS, g/kg 13.8+£3.7 13.8+5.14 27.6+4.9

Residual oil content in the OCS
after two days
Purification efficacy, % 28.9 17.4 23.9

Residual oil content in the OCS 75429 01+47 198+ 4.7
after three days

Purification efficacy, % 45.7 34.1 28.3

9.8 +4.1 11.4+3.8 21.0+£2.9

The highest effectiveness of cleaning soil using the RML and immobilization by the screenings was
reached in variant No. 1 (45.7 %) after three days, with the ratios (OS:Screenings:RML:N,O) equal to
(50 g:70 g:20 ml:80 ml).

Conclusion. In the experimental studies, determined that paraffin hydrocarbons are most easily
decomposed by the Lactobacillus and Pediococcus LAB, on which the «<SHER» biological product is
based.

Immobilization of the bacteria of the biological product on a medium made from local material in the
form of screenings of shell limestone wastes has contributed to stable oil degradation.

The presented data indicate the undoubted relevance of this direction, which is associated with the
pollution of the natural environment with high-paraffin oil, experimental studies of the solubility of
paraffin and the use of advanced bioremediation methods for soil purification.
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Resolving this problem requires a detailed study of the COM ecology and the mechanisms of bacterial
communities functioning in OCS. With that, the main task is identifying the main biological factors and
the climatic conditions that determine the effectiveness of oil degradation in the soil. Consideration of the
biological factors and the climatic conditions is very important in developing biological products.

For instance, the demanded bacterial products offered by companies in Europe, the USA, Japan, and
Russia have been developed for specific climatic regions. The use of these biological products in other
countries with sharply different climatic, and, therefore, different biological conditions, is sometimes
ineffective. The knowledge gained during the research can contribute to further development and
improvement of the methods of OCS biological purification.

I'.K. Kenxeraes', A.H. Bopan6aesa', A.K. Cepuxoaena’,
C. Coipabibexkbisb, T.1. Hcanos?

"Yessenov University, Akray, KazakcTan;
2 «Scientific Industrial Enterprise «Altai Agro Farm Ltd» XIIC 6ac nupexropsl, Akray, Kazakcran

TONBIPAKTBI )KOFAPBI TAPA®UH/II MYHAUTAH
MUKPOOPI'AHU3M/IEPMEH TA3APTY

Annotanusi. J)KympIicTa MUKpPOOpraHU3MAEpl KOJJaHy apKbUIbl TOIBIPAKTHI JKOFapbl HapaduHai MyHahaaH
TazapTy MOCEJECiH MIeNTyre OarpITTalIFaH 3ePTTEy HOTIDKENepl KenTipiared. MyHail mactaraH TONBIPAK ChIHAMAIaphl
©3€¢H MYHall eHIpy KE€H OpHBIH/IAFbl KUHAFBIII-KaMOaHbIH €pHEYIHEH albiHAbl. MyHal JacTaraH TONBIPAKTHI Talgay
HOTHXKeNepi OoibIHIIa KypaMbiHaa MyHail 28%, MexaHuKanblK Kocna 9,7% xone cy 60% kypanbsl. API kepcet-
KimTepiHe coiikec (American Petroleum Institute) MyHa#iIpIH XUMISUIBIK KypaMbl OMOpeMenualius KE3iHIe OHBIH
KbUIAM BIIBIpAYbIHA BIKMAT eTeTiHi aHbIKTanael. CoHpai-ak, mapaduHai KeMmipcyTeKTep OakTepUsIMEH OHai
BIIBIPANTHIHABIFE OaliKan sl TOmbIpaKThl MyHalIaH Ta3apTy YIUiH 3epTXaHaibIK 3epTrreyiepne «SHER» Oakrepus-
JBIK mpenapatsl nainanansuiasl. «SHER» OnonpenapaThlHBIH HETi31 — CYT KBIIKBUIABI MUKPOOPTaHW3M KOHLIOP-
muymaaps! Lactobacillus xone Pediococcus 6omnbin caHanmaapl, onap OAKTEPHSIHBIH OCHI TONTAPHIH, COHBIMEH KaTap
JmacTaHFaH TombIpakTa kakchl aaMuThiH (Citrobacterfrendii) may TyOsIpMaWTBIH TepiM TpaMIsl OaKTepHsIIapIbI
KanemmTacteipansl. «SHER» OwompenapaThiHBIH OakTepHsACHIH MMMOOMIN3AISIIAYIIB PETiHIE TaCBIMAIAFBIIT
OKTac-yIyTac KaJIbIKTAPBIHBIH YHTaFbl TaHAAIIbl. BHONOTMANBIK pemenuanust oIici apKpUIbl MyHall J1acTaraH
TOMBIPAKTEI Ta3aPTYIbIH 3KCIEPUMEHTTIK 3€PTXaHANIBIK 3€PTTEY JKYPri3y IIApTTapbl CHIIATTAIFAH. 3€PTTEy HOTHKE-
nepi Ooiipiamia «SHER» Onomnpemaparsl OakTepHsIapblH OKTac-yiIyTacThl YHTAK TYPIHAETi TachIMalAayIIbIMEH
HMMOOMITH3AIMsIIay MYHal JIacTaraH TOIBIPAKThI Ta3apTyJbIH JKOFaphl JopeskeciH kepcerti (88,63%). bakrepus
OeJIceHILTIrIH OfaH opi 3epTTey YLIIH MYHai JlacTaraH TOINBIPAaKThl Ta3apTy yuepiciae maipanansuiran «SHER»
OuomnpenapaThIHBIH KaJIbIK KYHIIPT €pITIHAICIH eKiHII peT mnaiijaiaHy OOWBIHIIA SKCIEPUMEHTTEp KYPri3uiii.
KyHripT KangplK epiTiHIiHI maiiianaHy KoHE oKTac-yJlyTac YHTarbIMEH MMMOOMIM3aLMsIay apKbUIbl XKYpri3iireH
HKCIIEPUMEHTTIK 3€pPTTey HOTHXKEJIepl TOMBIPAKTHI Ta3apTy Aapexeci (45,7%) eKeHIiriH KepceTTi.

Conbimen, «SHER» npenapatbiH 3epTTey HOTHKeNepi O0ibIHIIAa Oyl TIpenapaT TONBIpaKTarbl MyHail eHIMIIepiH
THIMAI OeHTapanTaHIbIpa anaasl IeTeH KOPHITHIHIBI )KacayFa 00Ia bl

Tyiiin ce3aep: TombIpak, MyHai, MUKpOOpPTaHU3MIEP, OHOIpenapar, YHTaK, AIMMOOMIIA3AITHS.
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OUYUCTKA ITIOYB OT HE®TH
C BBICOKUM COJAEP) KAHUEM ITAPA®UHA MUKPOOPT AHU3MAMUN

AnHoTauus. B nanHO# paboTe mpencTaBiIeHBl pe3yNbTaThl UCCIICAOBAaHNN, HAIIPaBICHHBIE Ha PEUICHHE MPoo-
JeMBbl OYHCTKH IIOYB OT HE(TH C BBICOKMM COJEpKaHHeM mapaduHa MHKpoopranusMamu. I1poOer HedTesarpss-
HEHHOW TOYBBI ObUTM OTOOpaHBI C OOPTOB aMOapa-HAKOMHTENS Ha MECTOPOXIEHUH HedTemoObrunm Y3eHb. [lo
JAaHHBIM aHaIM3a HedTe3arpsa3HeHHOW I0YBBI, COZEpXKaHUe B HEW He(TH cocTaBisuio 28%, MEXaHHYECKHX MpHMeceil —
9,7% u 60% Boabl. YcCTaHOBIEHO, 4TO, coryiacHO mokasateneii APl (American Petroleum Institute), xumudeckuit
cocTaB He()TH MOXKET CHOCOOCTBOBaThH OBICTPOMY €€ pasjoKeHHI0 NpH Ouopemeanaunu. Takxe mnapaduHOBbIE
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YIJICBOAOPOABI JIETKO pasjiararoTcsi OakrTepwsaMmu. sl OYMCTKU MOYB OT He(TH B JIaOOPATOPHBIX SKCIIEPHMEHTAX
ucnoip3oBaics OGakrepuansHblii Tpenapatr «SHER». OcnHoBa Omomnpenapata«SHER» — xoHCOpIIyMOB MOJIOYHO-
KHCJIBIX MUKpoopranusmMoB Lactobacillus u Pediococcus, xoTopbie (GOpMUPYIOT sIIpO 3TO# Tpymmbl OakTepuid, a
TaKkKe TrpaMOTpHULaTeNbHble cropoHeoOpasylomue Oakrepun (Citrobacterfrendii), xopomo pa3BuBaroniuecs B
3arpsi3HEHHBIX MOuYBaX. BeiOpan crocod mmmoOwim3aunu Oakrepuii Ouonpenapara «SHER» Ha HOocuTene B Buze
OTCeBa M3 OTXO/0B M3BECTHAKA-paKylIedHnKa. OMUcaHbl yCIOBHS TPOBEICHHUS IKCIIEPUMEHTAIBHBIX J1Ja00paTOPHBIX
UCCJIEJOBAaHUN II0 OYMCTKE He(TEe3arpsA3HEHHON IOYBBI METOAOM Ouoyiornmueckoil pemenmannu. Ha ocHoBaHuMM
Pe3yJIbTaToOB MCCIIEIOBAHMH YCTaHOBIEHO, YTO MMMOOWIM3anus Oakrepuit Ouonpenapara «SHER» nocurenem B
BHUJI€ OTCEBA M3BECTHSIKA-PAKYIICYHHKA [T0KA3aIa BBICOKYIO CTENICHb OYHCTKH Hedre3arpsa3HeHHOH ouBkH (88,63%).

Jus mccnenoBaHWs AadbHEHIIE akTHBHOCTH OakTepwii OBLTH IMPOBEAEHBI AKCIEPUMEHTHI IO BTOPHUIHOMY
UCIIOJIB30BaHMIO OCTaTOYHOI'0 MAaTOYHOro pactBopa Ouonpenapara «SHER», HCIIOIb30BaHHOrO B IIPOLIECCE OUMCTKH
HeTe3arps;3HeHHOH MOYBBL. Pe3ynbTaThl 3KCHEPUMEHTANbHBIX HCCIEIOBAaHUH C HCIONB30BAaHHEM OCTaTOYHOTO
MaTOYHOTO pacTBOPa M MIMMOOMIIM3AIIEH OTCEBOM ITOKa3aa CTENeHb OUYMCTKH MOYBHI (45,7%).

Takum o6pa3oM, Mo pe3ynbTaTaM IPOBEIEHHBIX McciaenoBanuid npenapata «SHER» MoxHO caenaTs BBIBOI O
TOM, YTO JJaHHBIH Ipernapar MoxeT d3(GEKTUBHO HEUTPaIH30BaTh HE(YTEIPOAYKTHI B TIOUBE.

KaioueBbie ci10Ba: nousa, He(hTh, MUKpPOOPTaHU3MBI, OMOTIpENIapaT, 0TCEB, MMMOOMIIM3ALIHSL.
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