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THE RESULTS OF RESEARCH OF THE BIOLOGICAL PRODUCT
"REMEDOIL" FOR THE PURIFICATION OF OIL-CONTAMINATED SOILS

Research article

Abstract

The article presents data on the analysis of the oil-destructive ability of the drug "Remedoil". The problems of the modern
oil industry affect the state of the soils of the oil production territories and the cleaning of these territories is an urgent problem.
Soil treatment with biological products is a promising direction of oil treatment. The proposed biodestructor "Remedoil" does
not contain pathogenic and conditionally pathogenic microorganisms in its composition and is a very effective preparation for
the bio-purification of oil-contaminated soils. For 30 days, there is a significant decrease (from 42.8% to 63.8 %) in the amount
of petroleum products from the initial one in the studied samples. During 8 months of remediation, the amount of petroleum
products is reduced by almost 70-96 % of the initial concentration.
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PE3YJIbTATHI UCCJIEJJOBAHUS BUONPENAPATA «PEMEJIOWI» JIJIS
OYUCTKHU HE®PTE3AT'PASHEHHBIX I10OYB

Hayunas cratbs

AHHOTANUA

B crartbe mpuWBOIATCS MAaHHBIE 1O aHAIM3Y HEPTEACCTPYKTHBHOW CIOCOOHOCTH Tpemapata «Pemenoiny. IIpoGieMbr
COBPEMEHHOH He(TeT00bIBaIOIIEH TPOMBIIIJICHHOCTH OTPAXKAIOTCS HA COCTOSIHUY TIOYB TEPPUTOPUH HEPTEAOOBIYM U OUNCTKA
STHX TEPPUTOPHHA SBISIETCS aKTyalbHOW mpoOiemoil. OuncTKa MOYBHI OWOIpenapaTaMH SBISETCS IEPCIIEKTHBHBIM
HarpaBieHue HegTeouncTku. [Ipeamaraemerii Hamu 6nomecTpykTop «Pemenoitm» He COIepKUT B CBOEM COCTaBEe MATOTCHHBIX
U YCJIOBHO TIaTOT€HHBIX MHKPOOPraHM3MOB M SIBISIETCS BechbMa J(QQEKTUBHBIM IHpernapaTtoM Juisi OHOOYHCTKH
HeTe3arps3HeHHBIX MmouB. 3a 30 cyTok HaOmojaeTcs 3HauumTenbHOe cHikeHue (ot 42,8% mo 63,8 %) komumdectBa
He(pTENpPOAYKTOB OT HMCXOAHOTO B HCCIEAyeMBIX oOpasmax. 3a 8 MecsleB peMUAHalvd KOJIMYECTBO He(TEeNpoayKTOB
CHIDKaeTcs npaktudecku Ha 70 - 96 % OT UCXOAHOM KOHIIEHTPALUHL.

KnwueBble caoBa: HedrsHoe 3arpssHende, Ouopemumuanus, OHOIECTPYKTOp, OMOOYUCTKA, HE(PTEOUHCTKA,
MUuKpoopranusmel, Candida sp.

1. Introduction

Modern civilization is characterized by environmental disasters associated with land spills of oil and petroleum products.
Such pollution negatively affects the soil layer, surface and underground waters, the geological environment, ecosystems and
their inhabitants [8].

Imperfect technologies of oil production, transportation, processing and storage lead to significant losses, which reach 50
million tons/year — 2% of the total production. An example of this is the release of oil (from 5 to 60 thousand barrels per day)
in 2010 on the drilling platform of British Petroleum in the Gulf of Mexico, the accident on the tanker "Exxon Valdez" (about
260 thousand barrels of oil) etc. [8].

On the territory of Russia, more than 20 thousand accidents related to oil production occur annually. 5 million tons (1%
according to official statistics) of hydrocarbons are lost, causing difficult consequences for flora, fauna and human health.
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According to Greenpeace Russia, if 1 cubic meter of oil enters the soil, the potential area of contamination of the surface layer
of ground water can be more than 5 thousand square meters [3].

The natural decomposition of oil and petroleum products under normal conditions is slow, because increased
concentrations of hydrocarbons suppress the self-cleaning activity of soil and water. As a result, the ecosystem accumulates
difficult-to-oxidize chemical products that prevent self-purification and self-healing. The process of natural self-healing of the
polluted environment is long. At the level of contamination of 5 g/ kg of soil, it lasts from 2 to 30 years [8].

Thus, the soil degradation observed in the territories contaminated with oil and petroleum products allows scientists to
classify them as areas of ecological disaster. The problem of remediation of oil-contaminated soils is of exceptional
importance. Oil pollution by hydrocarbons causes irreversible changes in the morphology, physical and chemical properties of
the soil [2]. The erasure of the features of the natural profile is accompanied by the appearance of an intense black or brown
color, the formation of a bituminous crust on the surface, and the compaction of the addition. This inevitably causes a decrease
or loss of soil fertility, leads to changes in the ecological functions of soils, accompanied by a decrease in biodiversity [4]. In
the process of transformation, petroleum hydrocarbons form toxic compounds with carcinogenic, teratogenic and mutagenic
properties, resistance to microbiological degradation, and the ability to pass into plants, which reduces the quality of cultivated
crops and poses a threat to human and animal health [6], [7].

Currently, bioremediation (bio - life, remedio — treatment) — the purification of the natural environment using biological
methods-is promising for the purification of oil pollution. For example, the stimulation of native microflora by applying
fertilizers to a polluted ecosystem or the introduction of specialized microorganisms preparations designed to clean up polluted
ecosystems [5], [7].

Previously, it was assumed that microorganisms, capable of decomposing and using hydrocarbons of oil and petroleum
products, are found only where oil fields, oil storage facilities or oil pipelines are located, however, MO-oil destructors are
quite widespread in nature and can be isolated from soil, sedimentary rocks, sea and river water. These heterotrophic
Microorganisms can absorb a variety of organic compounds — carbohydrates, proteins, fats, etc.

Microorganisms-oil destructors are able to effectively oxidize oil hydrocarbons with a chain length of C9-C30 and
aromatic hydrocarbons in a wide range of medium acidity (pH 4.5-9.5) and temperatures (5-45°C). The efficiency of
hydrocarbon oxidation reaches 99%. As a result of biological treatment of oil pollution with biological products, easily
decomposing bacterial protein remains in the environment, which does not require subsequent disposal, and non-toxic products
of oil decomposition. The products of the vital activity of bacteria and the dying bacteria themselves are easily absorbed by the
native microflora, giving the basis for the formation of humus (when using a preparation for cleaning the soil) or forming
bottom silt (if used on water). The degree of purification depends on the initial amount of contamination, the chemical nature
of petroleum products, and the mechanical composition of the soil.

The purpose of the study was to study the oil-destructive properties of the biological product "Remedoil "(TU 9291-001-
86142353-2012), created at the Department of Technical Chemistry and Materials Science of the Engineering Faculty of
Bashkir State University at the suggestion of the management of LLC" BashNIPIneft " in Ishimbay for bioremediation of oil-
contaminated soils in local conditions. The composition of the drug includes vegetative cells of strains of Candida sp cultures.
The biodestructor does not contain pathogenic and conditionally pathogenic microorganisms in its composition.

The components of the biological product were grown in sterile conditions on special selective media in Petri dishes.

A liquid growth medium was prepared. At room temperature, the production of the seed material was carried out with
constant stirring and growth control on a Den-1 densitometer for 7-10 days. The minimum concentration of cells in the
resulting mother liquor should be 4-6 <106/ml.

In order to adapt the cells to the utilization of petroleum hydrocarbons, cultivation was carried out under intensive aeration
with microcompressors (air consumption of at least 2 1/min).

To study the activity of the drug Remedoil, oil sludge was used, which is a multicomponent mixture of substances of
various nature (mechanical impurities, asphaltenes, resins, hydrocarbons, paraffin, naphthenic hydrocarbons, alcohols, esters-
dioctyl phthalates, heavy metal ions (Pb, Cr, Fe, Al, Cu, Hg, etc.). The studies were conducted in 2018-2020.

2. Methods

The research was carried out in the laboratory of environmental monitoring of physical and chemical pollution of the
environment of the Birsk branch of the Bashkir State University.

The method for determining petroleum products in soils is based on the extraction of petroleum products with
tetrachloroethylene (C,Cl,) or carbon tetrachloride (C>Cly) in special desiccators, filtration of the resulting extract, separation
of polar compounds on a chromatographic column filled with aluminum oxide, and measurement of the content of petroleum
products by IR-spectometry on an AN-2 analyzer.

To study the oil-destructive activity of the drug, a 50 g soil sample was placed in a Petri dish and 5 ml of Remedoil
biodestructor was added. Then oil sludge was added in concentrations from 10 to 30 g / kg of soil. The biodestructor was
added to all variants of the experiment, after sampling for analysis by 1% for every fifth day of testing with careful mixing of
the soil. Samples for the analysis of the content of petroleum products in the soil were taken at 5,10,15,20,25,30 days and after
8 months. After 30 days of research, the soil was left in Petri dishes in the air. During the summer period, the soil naturally
dried to a completely dry state, and then was moistened with tap drinking water.
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3. Results

Soil contamination with petroleum products in concentrations from 10 to 30 g/kg of soil is the most common in all oil-
contaminated soils. Therefore, we determined exactly such concentrations for the study. The data is given in Table 1.
completely dry, and then moistened with tap drinking water.

Table 1 — Change in the concentration (g / kg of soil) of petroleum products under the influence of the biodestructor
“Remedoil”

Initial Concentration of petroleum products, g / kg
Experienc | concentration of
e option oil sludge, 5 days 10 days | 15days | 20days | 25days | 30 days | 8 months
g/kg
1 10 9,54 9,06 8,49 7,84 7,14 5,75 0,42
2 20 18,48 15,27 11,80 11,57 10,33 8,98 1,17
3 30 29,76 25,79 21,37 16,09 12,28 11,71 3,94

When the soil is contaminated with oil sludge 10 g/ kg of soil during the first fifteen days, there is a decrease in pollution
by an average of 1 % per day, in the next fifteen days there is a more intense decrease — up to 3% per day. On the thirtieth day,
the concentration of petroleum products is 57.5% of the original. After 8 months of remediation, the amount of petroleum
products is reduced by 95.8% of the initial concentration.

With 20% contamination of the soil with oil sludge, there is a decrease in pollution by an average of 2-3 % per day for the
entire observation period. On the thirtieth day, the concentration of petroleum products is 44.9% of the original. After 8 months
of remediation, the amount of petroleum products is reduced by 94.83% of the initial concentration.

When 30% of the soil is contaminated with oil sludge during the first five days, there is practically no reduction in
pollution (less than 1% for 5 days of observations), in the subsequent period of observations, the concentration of petroleum
products significantly decreases - by 10 -14% for every 5 days. On the thirtieth day, the concentration of petroleum products is
39.0% of the original. After 8 months of remediation, the concentration of petroleum products is 13.13% of the initial
concentration.

For 30 days, there is a significant decrease (from 42.8% to 63.8 %) in the amount of petroleum products from the initial
one in the studied samples. For 8 months of remediation, the amount of petroleum products is reduced by almost 70-96 % of
the initial concentration..
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