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THE M-1 BIOPREPARATION

Research article

Abstract

The article provides information on the results of the study of the oil-destructive ability of the drug M-1. Currently,
methods of biological purification (bioremediation) are used to clean oil-contaminated lands. Bioremediation provides almost
complete decomposition of the pollutant to the state of water or carbon dioxide. The proposed preparation is effective for
cleaning oil-contaminated soils with an average level of pollution. It is shown that the drug significantly reduces the
concentration of petroleum products in all variants. At the studied levels of soil pollution, a high and rather rapid (in 30 days)
decrease in the concentration of petroleum products is observed — up to 36,2-44,9% of the initial one. During 12 months of
bioremediation under the action of the biodestructor M-1, there has been a significant decrease in the amount of petroleum
products. At the studied levels of soil pollution, the residual pollution ranges from 13-16% of the initial pollution.
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PE3YJBbTATHI U3YUEHUSA HE®TEJIECTPYKTUBHBIX OCOBEHHOCTEM
BUOIIPEITAPATA M-1

Hayunas craTtbs

AHHOTALIUA

B crathe mpuBomutcs uHpOpMalms 00 HMTOrax H3y4eHUs HePTEAEeCTPYKTHBHOW crocoOHocTH mpemapata M-1. B
HacToslmiee BpeMs, I OYMCTKM He(Te3arpsA3HEHHBIX 3€MeNlb HCIOJB3YIOTCS METOIbl OHOJNIOTMYECKOH OYHCTKH
(6buopemenmanus). buopemenuarms oOecriedrBaeT IOYTH IIONHOE DPA3JIOKEHHWE 3arpsA3HUTENS 10 COCTOSHUS BOABI FIIH
JUoKcnaa yriepoaa. IIpenyoxeHHbIH HaMU Ipenapat sBisieTcst 3G QEeKTHBHBIM JUII OYMCTKH He(Te3arpsA3HEHHBIX T0YB CO
CpeIHNM ypOBHEM 3arpsi3HeHus. [lokazaHo, 4TO mpemapaTr 3HAYMTENFHO CHIDKAST KOHLEHTpannio He(TEPOAYKTOB BO BCEX
BapuaHTax. [Ipu mccienyemMpIX YpOBHSX 3arpsi3HEHHS IMOYBBI HAOMIOHAeTCS BBICOKOE M JOCTaTouHO ObicTpoe (3a 30 cyTok)
CHIDKCHHE KOHIIEHTpaIru HehTenpoaykToB — 10 36,2—44,9% ot ucxomHoil. 3a 12 MecsmeB OnopeMeqnaniy Ipu ACHCTBUH
6ronectpykropa M-1 oTmeuaercst 3HAYMTENIBHOE CHIDKEHHE KOIMMYECTBA HEPTEenpomyKkToB. lIpm mcciemyeMbIX YpOBHSX
3arpsi3HEHUs IIOYBBI OCTATOYHOE 3arpsisHeHHe koebiercs B npeaenax 13—16 % oT HCXOIHOro 3arps3HeHus.

KiaroueBble ciaoBa: HedTe3arpsa3eHHbIE TOYBHI, Hedrenmiam, OwopeMenmaius, OYNCTKAa OT HedTezarps3HEeHH,
Oroornaeckast O4MCTKa.

1. Introduction
Oil and its derivatives are natural chemicals that are used by humans every second all over the world. Since this resource is

often and widely used for various purposes, and its extraction and processing are carried out quite intensively, it is the main
pollutant of the environment [1]. In industrially and economically developed countries, soil contamination with oil or its



Journal of Agriculture and Environment 3 (23) 2022

products is a huge and serious problem. Every year around the world, about 50 million people enter the environment. tons of
oil and petroleum products, as for Russia, this is 1,2% of the total volume of oil production (more than 3 million tons) [2].

When recultivating soils contaminated with oil and its products, physical, chemical, and biological methods of purification
are used [3]. Physical methods of purification are more crude methods in relation to the state of the soil, they include methods
such as burial of oil or soil contaminated with it, conventional pressure water washing, heat treatment, etc. In such ways, it is
possible to worsen the ability of soils to recover, that is, to further worsen the condition of soil ecosystems. Chemical treatment
of soils with various solutions and oxidants also changes the agrochemical parameters of not only soils, but also groundwater.
Burning of polluted soils is also a method that has a negative effect on the environment [4].

Currently, methods of biological purification (bioremediation) are used to clean oil-contaminated lands. Bioremediation
provides almost complete decomposition of the pollutant to the state of water or carbon dioxide [5]. The method of biological
purification is based on the use of microorganisms capable of living in a polluted environment, but the use of such
microorganisms for higher purification efficiency requires some improvements in such technologies [6], [7]. Quite often,
recultivation with the use of biodestructors is combined with the use of mineral fertilizers [8], [9].

The purpose of our work is to study the sources of environmental pollution by oil and its products, as well as the features
of bioremediation of oil-contaminated soils of moderate pollution using the M-1 biopreparation.

2. Methods

Experimental work was carried out during 2019-2021 in laboratory and stationary conditions of the Birsky branch of
Bashkir State University. The experience of identifying the oil-destructive properties of the biodestructor M-1 was carried out
in the laboratory of environmental monitoring of physical and chemical pollution of the environment.

To identify the composition of the organic part of the oil sludge, chromatography was performed using a GCMS-QP2010S
gas chromatomass spectrometer. Chromatographic identification of the organic part, namely hydrocarbons, alcohols and esters
are presented on the chromatogram, the most significant peaks are considered with retention time in the range from 2 to 11
minutes.

The method for determining petroleum products in soils is based on the extraction of petroleum products with
tetrachloroethylene (C2Cly) or carbon tetrachloride (C2Cls) 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 [10].

A 50 g soil sample was placed in a Petri dish and 5 ml of M-1 biopreparation was added. Then oil sludge was added in
concentrations from 4 to 6% of the soil mass. The studies were carried out in 3 variants, the 4th option was the control, which
was represented by the same soil, without the introduction of oil sludge.

Biodesructor was added to all variants 3 times by 1% for every third day of testing with careful mixing of the soil. Samples
for the analysis of the content of petroleum products in the soil were selected for every 5 days. After 30 days of research, the
soil was left in Petri dishes in the air. During the summer period, the soil naturally dried up to an absolutely dry state, and then
was moistened with tap drinking water. Soil moistening was carried out 10 times. Soil samples for the analysis of the content
of petroleum products were also taken after 12 months.

3. Results

We have studied the M-1 biopreparation, which is a consortium of microorganisms isolated from oil-contaminated soils.
This consortium has passed laboratory tests on soils artificially contaminated with oil sludge.

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

The selective medium was heated in a water bath and stirred until all the components dissolved. Then diesel fuel was
introduced, closed with a cotton-gauze plug and placed in an autoclave for sterilization.

The sterile medium in hot form was poured under aseptic conditions into Petri dishes (approximately 20 ml per standard
cup). After the agarized medium cooled, microbial cells were applied to the surface with a microbiological loop. After 3 days,
the grown colonies were noted, from which the seed material was obtained: homogeneous colonies from the surface of
agarized media were transferred under aseptic conditions with a bacterial loop into a vessel with a growth medium, closed with
a cotton-gauze stopper and placed on a mixing device.

A liquid growth medium was prepared. At room temperature, the production of 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 x10%/ml.

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

To study the activity of the drug M-1, oil sludge was used, which was analyzed at the beginning.

In laboratory conditions, we studied oil sludge, which is a multicomponent mixture of substances of different nature.

The results of the experiment on the quantitative analysis of oil sludge showed us that this product consists of 96,27%
organic substances, among which resins (72,49%) and asphaltenes (21,15%) are the most represented, and paraffin, naphthenic
hydrocarbons, alcohols, esters — dioctyl phthalates are also present in a small amount (2,63%). Mechanical impurities are
present 1,28%. The composition of oil sludge also includes metals, among which the largest amount is characteristic of Fe
(2055 mg/kg) and Al (1736 mg/kg), Pb (7.9 mg/kg), Mn (86 mg/kg), Cr (3.1 mg/kg), Cu (5.3 mg/kg), V (2.9 mg/kg) [11].

The experience of identifying the petro-destructive properties of the biodestructor M-1 was carried out in the laboratory of
environmental monitoring of physical and chemical pollution of the environment. At the first stage, we delivered 10 variants of
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the experiment and a control sample with oil-free soil. The experiment was conducted according to the methodology described
above.

The results of the concentration of oil sludge in the substrate samples were checked twice: at the end of the first month and
twelve months after the start of the experiment on the introduction of biodestructor. The data after 30 days and after 12 months
are shown in Table 1.

Table 1 — Change in the concentration of petroleum products when exposed to biodestructor M-1

E . Initial Concentration of petroleum products, g/kg

Xperience . .

option | coneentration ofoil | o 5| v 10 | Day 15 | Day20 | Day 25 | Day30 | Day 365
P sludge, g/kg y y y y y y y
1 40 32,54 30,79 26,84 | 20,55 18,47 14,46 6,08
2 50 41,67 38,89 35,32 | 33,74 31,81 24,16 8,06
3 60 57,19 48,93 45,09 | 40,82 37,64 31,29 13,22

With 4% contamination of the soil with oil sludge during the first five days, an intensive decrease in pollution is observed
— by 18,6% for 5 days, in subsequent observation periods, the amount of petroleum products decreases by an average of 10—
15% for every five days. On the thirtieth day, the concentration of petroleum products is 36,2% of the original, after 12 months
15,20% of the original.

With 5% contamination of the soil with oil sludge during the first five days, an intensive decrease in pollution is observed
— by 16,7% for 5 days, in subsequent observation periods, the amount of petroleum products decreases by an average of 3—7%
for every five days. On the thirtieth day, the concentration of petroleum products is 48,3% of the original, after 12 months
22,03% of the original, i.e., about a fifth of the total pollution remains.

With 6% contamination of the soil with oil sludge during the first five days, there is a decrease in pollution by an average
of 1% per day, in the next twenty-five days there is a more intensive decrease — up to 3% per day. On the thirtieth day, the
concentration of petroleum products is 52,2% of the original, after 12 months 27,47% of the original.

4. Conclusion

In all variants of the experiment, a significant decrease in the concentration of petroleum products in all variants was noted
during the first 30 days of the action of the biodestructor M-1. At the studied levels of soil pollution, a high decrease in the
concentration of petroleum products is observed — up to 36,2-44,9% of the initial one.

During 12 months of bioremediation under the action of the biodestructor M-1, there has been a significant decrease in the
amount of petroleum products. At the studied levels of soil pollution, the residual pollution ranges from 13-16% of the initial
pollution.
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