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Abstract

This article presents the results of physical-chemical, physical-mechanical and microbiological 
studies of oil sludge for the isolation and identification of indigenous microflora, as well as 
hydrocarbon-oxidizing microorganisms - oil destructors of soils contaminated with oil products. As a 
result, in samples of soil studied, at the Seydi oil refinery, 3 strains of bacteria, 14 actinomycetes and 
9 strains of hydrocarbon-oxidizing microorganisms have been identified.

On the oil-contaminated soils of the Turkmenbashi oil refinery 24 strains of bacteria belonging 
to 8 genera and 11 species of hydrocarbon-oxidizing microorganisms were isolated. Detection and 
identification of hydrocarbon-oxidizing microorganism strains of oil destructors is the basis for the 
creation of a biological products with high emulsifying and oil-oxidizing activity.

Keywords: oil-contaminated soil, oil sludge, indigenous microflora, bacteria, actinomycetes, fungi, 
hydrocarbon-oxidizing microorganisms.

Introduction
With the development of technology, petroleum products are used in all industries; chemical 

materials, synthetic fibers, plastics, varnishes, paints, detergents, mineral fertilizers and much more 
are produced from oil and gas in large quantities. In this regard, oil production volumes are growing 
every year. The need for oil sludge disposal is determined by many reasons. At the same time, waste 
contains valuable hydrocarbon raw materials (Abzalov, 1988). In this regard, the problems associated 
with the development of waste disposal methods and methods of protecting the environment from oil 
and petroleum products are the most pressing and relevant.

The purpose of the study is to conduct physical-chemical, physical-mechanical and microbiological 
studies of oil sludge and isolate indigenous microbiota - oil destructors, from soils contaminated with 
oil sludge from the Turkmenbashi and Seydi oil refineries.

Turkmenistan is one of the leading countries in the production and processing of oil and petroleum 
products. In our country, there is the Turkmenbashi complex of oil refineries, which includes the 
Seydi oil refinery. A large amount of oil sludge has accumulated on the territory of the factories. 

Today, a relevant and cost-effective method for recycling oil sludge is the biological method, that 
is, microbiological cleaning of land from oil pollution, based on the use of pure or mixed cultures of 
hydrocarbon-oxidizing microorganisms in combination with substances that stimulate their activity 
(Alekseyev, 2011).

The basis for the rehabilitation of oil-contaminated soils through the use of microorganism 
strains is taking into account the factors influencing oil degradation, i.e. genus, type of introduced 
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microorganisms and their impact on natural microbial communities; ambient temperature; pH of 
the environment; concentration of various classes of petroleum hydrocarbons in soil; mechanical 
composition of the soil and the degree of its aeration. Another important requirement for these 
microorganisms is their non-pathogenicity (Buzoleva, 2001).

Thus, the disposal and processing of oil sludge at the Turkmenbashi complex of oil refineries 
remains an unsolved problem that requires in-depth research and development of cost-effective 
methods for cleaning oil-contaminated soils.

Oil sludge is a complex physical and chemical mixture consisting of petroleum products, water 
and mechanical impurities, which include clay, sand, and metal oxides (Shperber, 2014).

Depending on the method of their formation, oil sludge is divided into groups: soil, bottom 
and reservoir type (Shangareyev, 2000). Ground oil sludge is formed when oil products are spilled 
onto the ground in emergency situations or during the production process. One of the reasons for the 
formation of oil sludge in tanks is the physical and chemical interaction of oil products with the metal 
of the tank, water, oxygen and mechanical impurities. The formation of oil sludge also occurs in water 
treatment facilities, in recycling water supply systems, during equipment repairs, and in the process 
of oil production, transportation and refining.

The impact of oil and petroleum waste on the basic properties of soil. A variety of chemical 
compounds of petroleum, consisting of saturated hydrocarbons with normal and branched chains, 
olefins, cycloalkanes, aromatic hydrocarbons, asphaltenes (phenols, fatty acids, ketones, esters, 
porphyrins) and resins (pyridines, quinolines, carbazoles, etc.) (Murzakov and other, 1992), which 
getting into the soil disrupt the existing biological and geochemical balance of the soil. These 
disturbances arise under the impact of various mechanisms: disturbance of the water-air regime 
of the soil; changes in the migration ability of individual chemical elements in it; inhibition of 
microbiocenosis.

Thus, (Halimov and other, 1996), when measuring the moisture content of the upper horizon of 
oil-contaminated soils, a decrease in this parameter was revealed, while in the underlying horizon its 
increase was noted. As oil pollution increases, soil moisture naturally increases with each subsequent 
dose by an average of 1%. The reason for this is a decrease in the rate of moisture transpiration 
through the overlying layer of oil-contaminated soil. As a result, the soil in the lower horizons is often 
excessively moist and shows signs of waterlogging. Hydrophobic properties change when polluted 
only by heavy oil fractions, while light oil fractions have virtually no effect on the physical properties 
of the soil. At the same time, tar has a 35 times more detrimental effect on the air-physical properties 
of the soil than the components of crude oil.

The effect of long-term exposure to oil on soil is manifested in changes in its microbiological 
properties and the complex of soil microorganisms as a whole. Soils contain large numbers of 
microorganisms that can oxidize various hydrocarbons. They are common components of soil 
biocenoses (Benka-Coker, 1997). Oil has a selection effect on soil microbiota. In contaminated soils, 
microorganisms that use hydrocarbons are found in greater numbers than in soils without oil.

An increase in the number of highly specialized forms of microorganisms that oxidize gaseous 
hydrocarbons, solid paraffins, aromatic and aliphatic hydrocarbons has been discovered. Among them, 
bacteria of the genera Arthrobacter, Bacillus, Brevibacterium, Nocardia, Pseudomnas, Rhodococcus, 
Micrococcus, Micromonaspora, etc. were identified, as well as microscopic fungi of the genera 
Aspergillus, Penicillium, Mucor, Fusarium, Trichoderma (Ismailov, 1985).

Oil pollution of the soil causes a decrease in the number of actinomycetes, and the number 
of bacteria and fungi increases, with the least sensitive fungi being the species Rhižopusnigricans, 
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Fusarium miniliforme, Aspergillus Havus and A. Ustus (Slavina and other, 1992). According to other 
data, when polluted with oil, the proportion of bacteria increases, and actinomycetes and micromycetes 
decreases.

According to Slavina T.P. et al. (Kireyeva, 1995), in podzolic soils contaminated with crude oil, 
micromycetes are in first place in abundance, actinomycetes are in second place, and myxobacteria are 
in third place. Micromycetes of the genus Penicillium, consuming heavy fractions of hydrocarbons 
and solid bitumen, remain in small quantities in the very top part of the soil, actinomycetes disappear 
completely and myxobacteria remain, which is correlated (associated) with the enrichment of the soil 
with organic matter and the deterioration of its water-physical properties.

N.M. Ismailov (Murzakov and other, 1992) also notes that the consequence of an increase in the 
content of petroleum products in the soil is an increase in the content of microorganisms. Over 40% of 
the total number of microorganisms are actinomycetes, and a small part is made up of micromycetes. 
Fungal mycelium reaches its greatest development in soil contaminated with high concentrations of 
oil (20-25%). The resistance of fungi to oil pollution, according to researchers, is due to the fact that 
the pH of contaminated soil shifts to the acidic side, which prevents the growth of micromycetes.

Thus, during oil pollution in the soil, multidirectional changes occur in the complex of soil 
microorganisms.

Characteristics of hydrocarbon-oxidizing microorganisms. Hydrocarbon-oxidizing 
microorganisms are widespread in natural ecosystems, since the ability to oxidize hydrocarbons is 
associated with the presence of oxidase enzymes (Duhanin, 2003). However, the main contribution 
to the process of microbiological destruction of hydrocarbons is made by microorganisms that are 
capable of using oil and petroleum products as the only source of carbon and energy. Such organisms 
are found mainly among aerobic forms and are called «hydrocarbon-oxidizing microorganisms» 
(HOM) (Alehin, 1998).

Hydrocarbon-oxidizing microorganisms are part of the heterotrophic community and are present 
in both polluted and unpolluted ecosystems (Grisenko, 1997). They differ from other heterotrophic 
microorganisms in the presence of a complex of enzymes and the ability to absorb a hydrophobic 
substrate.

Pollution of the biocenosis with oil and petroleum products introduces an additional source of 
carbon into the ecosystem, which stimulates the development of this group of bacteria, and therefore, 
in chronically polluted ecosystems, the number of hydrocarbon-oxidizing bacteria is always higher 
compared to unpolluted ones, however, there is no quantitative relationship between the number of 
hydrocarbon-oxidizing bacteria and the amount of hydrocarbons in the environment (Minebayev, 
1986).

The taxonomic composition of soil hydrocarbon-oxidizing microorganisms is represented 
mainly by bacteria and fungi. Typical soil inhabitants are species of the genera Arthrobacter, 
Bacillus, Mycobacterium, Brevibacterium, Rhodococcus, Nocardia, Klebsiella, Enterobacteriaceae, 
Alhaligenes, Aspergillus, Penicillium, Fusarium, Trichoderma, etc. (Frolova, 1986).

It is known that the composition of the dominant genera of hydrocarbon-oxidizing bacteria in 
biocenoses depends on the nature of the petroleum product. Thus, T.V. Koranelli (Alekseyeva, 2000) 
points out that contaminated ecosystems are characterized by the dominance of species of the genera 
Rhodococcus, Pseudomonas, Acinetobacter and Arthrobacter.

Objects and methods of research. The objects of research are oil sludge from the Turkmenbashi 
Oil Refinery Complex which includes the Seydi oil refinery, soil contaminated with oil products, as well 
as hydrocarbon-oxidizing microorganisms isolated during the experiment. Chemical, microbiological 
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and mycological analyses were carried out in order to identify indigenous microflora and UOM oil 
degraders.

Physico-chemical studies of the specified samples of oil sludge and soil contaminated with 
oil products were carried out. Sample studies included determination of density, water content, 
mechanical impurities and organic content in oil sludge. All studies were carried out in accordance 
with state standards.

Determination of the mass fraction of water in oil sludge was carried out according to TDS 
6370-39, Dean-Stark method. The essence of the method is to heat the sample in a flask with a reflux 
condenser in the presence of a water-immiscible solvent, which is distilled along with the water in the 
sample, while the condensed water is collected in the graduated part of the trap (Dean-Stark), and the 
solvent is returned to the flask.

The content of mechanical impurities in petroleum products was determined according to TDS 
6370-39. The essence of the method is to filter the test products with preliminary dissolution of slowly 
filtering products in gasoline, washing the filter cake with a solvent, followed by drying and weighing it.

The content of the organic part in oil sludge was assessed by weight loss upon ignition.
The number of micromycetes was taken into account by diluting a soil suspension with subsequent 

sowing onto the surface of a Czapek-Dox agar medium. For the isolation of actinomycetes, Czapek's 
medium was used, and for UOM, a mineral medium with the addition of crude oil as the only carbon 
source was selected.

Identification of isolated HOM was carried out using a VitecMS device, the operating principle 
of which is based on the colorimetric method.

The presence of pathogenicity factors in UOM was determined by the ability to macerate plant 
tissue.

The results obtained and their discussion. The water content in oil and oil sludge was 
determined by the Dean and Stark method. The amount of mechanical impurities, the content of the 
organic part in the oil sludge and the density were determined using standard methods. The research 
results obtained are shown in table 1.

Table 1

Physico-chemical characteristics of oil sludge from TORC and SOR

Origin of 
oil sludge Samples

Composition of oil sludge, % Density
g/sm3Water Mech. 

impurities
Organic 

part

TORC

Oil sludge from a mechanical 
treatment plant

28,4 43,09 28,51 1,3055

Oil sludge from the tank 3,4 51,12 45,48 1,4165

SOR

Oil sludge from a mechanical 
treatment plant

1,9 2,77 95,33 0,890

Oil sludge from the tank 2,3 11,37 86,33 0,9765

Isolation of bacteria was carried out by direct inoculation on MPA medium (meat peptone agar); 
the number of hydrocarbon-oxidizing microorganisms (HOM) – by direct seeding on an agar mineral 
medium with oil that has not undergone industrial processing; microscopic fungi were determined in 
accordance with generally accepted methods.

D. Gadamov, D. Amannazarova Physical-chemical and microbiological studies of oil sludge



24

As a result of a microbiological analysis of soil contaminated with oil products, bacteria and 
actinomycetes were isolated. Of these, 3 types of bacteria are oil degraders: Alcaligenesfaecalis, 
Acinetobacterlwoffii, Pseudomonasputida.

From the genus Actinomyces, 14 strains were isolated and identified: 8 strains – Actinomyces 
bovis, 3 strains – Actinomyces viscosus, 2 strains – Actinomyces israelii, 1 strain – Actinomyces 
odontolyticus.

Using the method of enriching cultures of hydrocarbon-oxidizing microorganisms, the following 
were isolated and identified: 3 strains – Pseudomonas strutzeri, 6 strains – Acinetobacter ursingii – 
free-living Azotobacter in the soil.

Micromycetes isolated from soil are characterized by a poor species composition. Micromycetes 
from the following genera were isolated in small quantities: Aspergillus – Aspergillus terreus, 
Aspergillus flavus; Penicillium – Penicillium funiculosum; Trichoderma – Trichoderma lignorum, 
Fusarium – Fusarium sambucinum.

To obtain an enrichment culture of HOM, 1 g of oil sludge was added to 250 ml Erlenmeyer 
flasks with 100 ml of nutrient medium (E8 liquid mineral medium with an oil content of 80%) and 
incubated for 7 days under shaking conditions (220 rpm) at room temperature. Oil was added directly 
to the growth medium as the only source of carbon and energy. At the end of the cultivation period, 
sowing was carried out in Petri dishes, after which the HOM grew.

The development of HOM is assessed by the appearance of the following signs: turbidity of the 
medium, the appearance of a film, the release of gases, and the formation of a flocculent precipitate.

As a result of the analysis, HOM – oil destructor bacteria – were isolated into a pure culture 
and identified: 2 strains – Pseudomonas, 3 strains – Bacillus, 9 strains – Enterobacter, 1 strain – 
Enterococcus, 1 strain – Klebsiella, 1 strain – Staphylococcus, 1 strain – Aholigenes.

A total of 24 strains were isolated, belonging to 8 genera and 11 types of microorganisms.
The presence of pathogenicity in the isolated hydrocarbon-oxidizing microorganisms was 

determined by the ability to macerate plant tissue. Carrots cut into disks with a diameter of 3-5 cm 
and a thickness of 1 cm were used as plant tissue. The experiment was carried out in a thermostat at 
an optimal temperature of 30°C for 1-3 days. The presence or absence of maceration was determined 
visually and by touching the carrot disks with a bacteriological loop.

Of the 18 isolated and identified strains from soil samples from the Seydi oil refinery, 2 strains 
showed pathogenicity – No. 14 – Actinomyces odontolyticus and No. 61 – Actinomyces bovis.

From soil samples from the Turkmenbashi oil refinery, out of 24 isolated strains, strain No. 11 – 
Pseudomonas aeruginosa and No. 28 – Klebsiella pneumonia were also pathogenic.

RESULTS

Thus, the choice of a rational method for isolating and identifying oil-oxidizing microorganisms 
for cleaning and restoring soil contaminated with oil or oil production waste is carried out by using 
the indigenous microflora of Turkmenistan.

Isolation of pure cultures of oil-oxidizing microorganisms from the environment will provide the 
opportunity to create a Turkmen bank of microorganisms - oil-degrading bacteria.
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