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This study investigated the oil-degrading properties of strain 1D/1 of Rhodococcus sp., 

isolated from oil-contaminated soil in Kazakhstan's Kyzylorda region. Using 

accumulative cultures, researchers isolated the strain and confirmed its classification 

within the genus Rhodococcus through 16S ribosomal RNA analysis. Strain 1D/1 

demonstrated effective decomposition of various petroleum products, such as crude oil, 

fuel oil, and diesel fuel, and showed versatility in utilizing cresol, naphthalene, 

anthracene, and phenanthrene isomers as sole carbon and energy sources. Gas 

chromatography analyses revealed its capability to degrade n-alkanes ranging from C11 

to C28, highlighting its potential for bioremediation efforts in addressing oil 

contamination challenges. The strain effectively decomposed crude oil, fuel oil, and 

diesel fuel, degrading n-alkanes with C11-C28 chain lengths. Gas chromatographic 

analysis showed that the strain degraded up to 100% of certain n-alkanes. The strain grew 

on both light and heavy oil and could degrade oil at different temperatures, with 

biodegradation rates of 60.9% at 10℃ and 60.6% at 30℃ for Dossor oil. At 50℃, the 

activity of the strain decreased slightly, with a biodegradation rate of 56.1%. The strain 

is capable of degrading both light and heavy oils at low and elevated temperatures, 

making it a versatile candidate for environmental bioremediation technologies.  
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1. INTRODUCTION

The daily life of modern society largely depends on oil and 

petroleum products [1]. However, environmental pollution 

due to accidental oil spills, leaks, and damage to oil pipelines 

is common and causes serious concern to governments, 

environmentalists, and the public [2-4]. Crude oil damages life 

in all ecosystems, and its spills are becoming more frequent as 

the demand for petroleum products around the world is 

steadily growing [5]. During the extraction, storage, 

transportation, and processing of oil, spills and discharges of 

petroleum hydrocarbons are possible [6]. Accidents with oil 

emissions occur during field development and leaks from oil 

pipelines and storage tanks. One can note accidents with oil 

leakage from tankers, at oil wells, as well as during major 

repairs of equipment of oil refineries and petrochemical 

production [7, 8]. Oil and petroleum product spills should be 

processed or eliminated to the maximum extent possible. 

However, in some cases, their collection can be difficult, 

especially in extreme or unique conditions, such as polar 

regions, deep-sea areas, deserts, and wetlands [9]. As a result, 

they remain in the affected area and pose a constant risk to the 

environment. Such hydrocarbon pollution can lead to soil 

infertility and changes in its physicochemical and 

microbiological properties, plant growth retardation, and 

contamination of groundwater, which poses a significant risk 

to human and animal health because it has carcinogenic, 

mutagenic, and immunotoxic effects [10, 11]. The impact of 

oil can lead to a decrease in agricultural productivity and, thus, 

negatively affect socio-economic life [12, 13]. 

Given these severe consequences, the issue of cleaning the 

environment from oil pollution is increasingly crucial. 

Traditional methods of remediation, such as mechanical and 

physicochemical cleaning, although effective to some extent, 

are often prohibitively expensive and environmentally 

unsustainable. These methods can also pose additional 

environmental hazards, as they sometimes involve the use of 

harmful chemicals and generate significant amounts of waste. 

Mechanical cleaning, which includes techniques like 

skimming, dredging, and manual removal, is labor-intensive 

and not always effective for large-scale or deep-seated 

contamination. Physicochemical methods, such as using 

dispersants, detergents, and absorbents, can mitigate surface 

spills but often fail to address sub-surface pollution and can 

introduce new contaminants into the ecosystem. 

As a result, there is a growing need for more sustainable and 

cost-effective solutions. Bioremediation, for example, 

leverages natural processes involving microorganisms that can 

degrade and detoxify pollutants, presenting a promising 

alternative. This method is generally more environmentally 
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friendly, less disruptive, and can be applied over larger areas 

and varied terrains [14].  

 

 

2. LITERATURE REVIEW 

 

Oil located on an open surface can undergo chemical and, 

partially, photo-oxidation [15]. However, abiotic oxidation is 

too long a process [16]. In nature, the destruction of petroleum 

hydrocarbons is primarily driven by the process of biological 

oxidation, which is facilitated by oil-oxidizing 

microorganisms. These microorganisms, such as certain 

bacteria and fungi, have evolved metabolic pathways that 

enable them to use hydrocarbons as a source of energy and 

carbon. 

The process begins with the microorganisms attaching to oil 

droplets or hydrocarbon molecules. They produce enzymes 

that break down the complex hydrocarbon structures into 

simpler compounds [17, 18]. Such microorganisms appeared 

as a result of existence close to sources of petroleum 

hydrocarbons. Thus, soil with a high content of hydrocarbons 

contains more destructive microbes than soil with a low 

content of hydrocarbons [19-22]. Microbes isolated from such 

soils can be used for bioremediation [23-25]. In recent years, 

the method of biological purification from oil pollution has 

attracted increasing attention from environmentalists. It is 

based on the use of microorganisms capable of utilizing 

petroleum hydrocarbons as their sole source of carbon is an 

effective and sustainable method for reducing oil 

contamination to background levels at relatively low operating 

costs. This approach leverages the natural metabolic 

capabilities of specific microorganisms that can degrade 

complex hydrocarbon molecules into simpler, less harmful 

substances [26, 27]. Bioremediation is considered the most 

thorough method of mineralization of crude oil, where 

microorganisms turn environmental pollutants into harmless 

end products. This method is more economical than 

physicochemical reclamation. This is a simple and easy-to-

maintain method, applicable over large areas and 

environmentally friendly. It does not lead to the formation of 

waste and contributes to the destruction of pollutants [28-30]. 

Among all known microorganisms, bacteria are recognized 

as the most important microbes from the point of physiology, 

ecology, and biotechnology, because of their universality and 

prevalence [31, 32]. Many bacterial species from both normal 

and extreme ecosystems have been identified as effective 

biological destructors of petroleum hydrocarbons. These 

bacteria are capable of degrading a wide range of hydrocarbon 

compounds, making them valuable for bioremediation efforts. 

According to the latest data, more than 79 genera of bacteria 

have been recognized for their ability to decompose various 

petroleum hydrocarbons [33]. For example, Alcanivorax and 

Acinetobacter decompose alkanes well [34]; Cycloclasticus 

decomposes aromatic hydrocarbons with high efficiency [35]; 

and Dietzia can decompose n-alkanes, branched alkanes, and 

aromatic hydrocarbons (naphthalene, phenanthrene, pyrene, 

and fluoranthene) [36]. Representatives of the Rhodococcus 

genus play an important role in the decomposition of various 

chemical compounds of an organic nature [37-39]. 

However, the effectiveness of biological purification 

technology, or bioremediation, is influenced by numerous 

environmental factors that can hinder its practical application. 

Key factors such as temperature, salinity, pH (hydrogen 

index), nutrient availability, electron acceptors, and substrate 

concentration play crucial roles in bioremediation and impact 

the biological degradation reactions of hydrocarbons. 

Understanding and managing these factors is essential for 

optimizing bioremediation processes [40-42]. For example, 

Ke et al. [43] reported that an increase in temperature from 10 

to 40℃ improved the biodegradation of oily sludge by a 

bacterial consortium. At 50℃, the biodegradation of the 

sediment began to decrease, and the optimal temperature was 

about 30-40℃. Thus, any deviation from the optimal 

temperature leads to a decrease in the biodegradation of oil. 

Besides, it largely depends on the temperature limit of a 

particular region [44]. Researchers have observed that many 

bacteria capable of decomposing petroleum hydrocarbons 

achieve excellent results in laboratory conditions but 

demonstrate unsatisfactory results in field tests. This 

discrepancy can be attributed to several factors that differ 

significantly between controlled laboratory environments and 

the more complex and variable conditions found in natural 

field settings [45, 46]. For example, the climate in the oil-

producing regions of Kazakhstan is continental. It is 

characterized by extremely arid, hot, and dry summers and 

cold, short, snow-free winters. The temperature can rise to 

+48℃ and in some winters fall to -42℃ [47]. The soil is a 

saline desert, subject to secondary salinization [48]. 

Currently, the technology of microbial purification from 

pollution by petroleum hydrocarbons is undergoing 

continuous development and improvement, attracting a lot of 

attention from scientists and the public [49, 50]. One of the 

methods is bioaugmentation, which involves collecting oil-

destroying microbes with high resistance to environmental 

stresses from a contaminated site and cultivating them for re-

introduction [51]. The success of this method in the 

decomposition of a wide range of hydrocarbon compounds is 

reported by Devinny and Chang [52], Alisi et al. [53], and Li 

et al. [54]. 

Kazakhstan has a high rank in global oil production. 

Therefore, there is an urgent problem of soil contamination 

with oil and petroleum products. Comprehensive research, 

namely, the isolation of new forms of microorganisms capable 

of degradation of petroleum hydrocarbons at high and low 

temperatures and the study of their physiological, biochemical, 

and molecular genetic properties are relevant. 

The purpose of this work was to study the properties and 

oil-oxidizing potential of the new Rhodococcus sp. strain 1D/1, 

which was isolated from oil-contaminated soil in Kazakhstan. 

The study aimed to evaluate the strain's capabilities in 

degrading petroleum hydrocarbons and its potential 

application in bioremediation efforts to clean up oil-

contaminated environments.  

 

 

3. MATERIALS AND METHODS 

 

3.1 Soil samples 

 

Soil samples were taken at the Kumkol deposit in the 

Kyzylorda region from a 0-30 cm deep layer. The samples 

were collected in sterile kraft paper bags and delivered to the 

laboratory. 

 

3.2 Chemicals and nutrient media 

 

Chemicals: All analytical-grade mineral salts used in the 

experiments were supplied by AppliChem, ensuring high 
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purity and consistency. Phenol, cresol isomers, naphthalene, 

anthracene, and phenanthrene were obtained from Sigma-

Aldrich, with purities ranging from 98% to 99%, guaranteeing 

the reliability of the chemical analyses and reactions. 

Nutrient Media: For the preparation of nutrient media, 

nutrient agar was sourced from Titan Biotech Ltd. (India), and 

agar-agar was provided by Himedia (India). The mineral 

medium was carefully formulated with the following 

composition per liter: NH4NO3: 1.0 g, K2HPO4: 1.0 g, KH2PO4: 

1.0 g, MgSO4: 0.2 g, CaCl2×6H2O: 0.02 g, FeCl3: in trace 

amounts, NaCl: 10.0 g, and maintained at a pH range of 7.0 to 

7.2. This precise formulation supports optimal growth 

conditions for microbial cultures. 

Oil: The oil samples were sourced from various fields in the 

Kyzylorda and Atyrau regions, each with distinct 

characteristics: 

 Kumkol Field, Kyzylorda Region: This oil has a 

density ranging from 0.812 to 0.819 kg/m³ and varies 

in sulfur content from 0.11 to 0.52%. It contains 

paraffins at 10.8 to 11.5%, asphaltenes at 0.11 to 

0.92%, and resins between 4.8 to 8.42%. These 

parameters provide a comprehensive profile for 

evaluating the oil's properties and behavior. 

 Dossor Field: The oil from this field has a density of 

0.84 g/cm³. It contains paraffins ranging from 0.31% 

to 2.07%, sulfur at 0.22%, and resins at 7%. The 

composition reflects the oil's potential for various 

applications and its impact on environmental 

processes. 

 West Prorva Field: With a density of 0.899 g/cm³, this 

oil features paraffin content from 2.05% to 4.22%, 

sulfur ranging from 0.33% to 1.46%, asphaltenes at 

1.12%, and resins at 15.6%. These characteristics 

highlight the oil's complexity and its potential 

influence on remediation efforts. 

 Karsak Field: This oil has a density of 0.933 g/cm³, 

paraffin content varying from 0.17% to 2.19%, sulfur 

ranging from 0.1% to 0.6%, and resins between 9% 

and 52%. The wide range of resins, in particular, 

suggests a significant variability in the oil's chemical 

composition and behavior. 

Fuel Oil: Fuel oil was acquired from the thermal power 

plant located in Kyzylorda. This source provides a specific 

grade of fuel oil used for energy production and its 

characteristics were carefully considered for experimental 

purposes. 

Diesel Fuel: Diesel fuel was sourced from a gas station in 

Almaty. This type of fuel was chosen to represent typical 

commercial diesel used in various applications, ensuring that 

the experiments reflect real-world conditions. 

 

3.3 Isolation and identification of the strain 

 

The isolation of the microbial strain was carried out using 

the accumulative cultures method, a systematic approach 

designed to enrich and isolate microorganisms with specific 

capabilities. The procedure began by collecting 10 grams of 

soil contaminated with oil from the Kyzylorda region. This 

soil sample was introduced into a flask containing 100 

milliliters of mineral medium. To create a conducive 

environment for microbial growth, 1% of Kumkol oil was 

added to the mineral medium, ensuring that the oil served as a 

carbon source for the microorganisms. 

The flask was then placed on an orbital shaker, which was 

set to maintain a temperature of 30℃ and a shaking speed of 

180 revolutions per minute (rpm). This incubation setup was 

maintained for a period of 14 days, allowing sufficient time for 

the growth of oil-degrading microorganisms. The shaking 

motion facilitated the even distribution of nutrients and 

enhanced aeration, promoting the proliferation of bacteria 

capable of metabolizing the oil. 

Following this initial incubation period, 10 milliliters of the 

culture fluid from the flask was carefully transferred to a new 

flask containing fresh mineral medium, once again 

supplemented with 1% Kumkol oil. This step aimed to further 

enrich the culture with microorganisms that are adept at 

degrading oil. The new flask was incubated under the same 

conditions—30℃ and 180 rpm—for another 14-day cycle. 

This process of transferring and incubating was repeated 

multiple times to continuously enrich the culture with oil-

oxidizing bacteria. Each cycle progressively increased the 

concentration of oil-degrading microorganisms, thereby 

enhancing their population and activity. 

To isolate specific oil-oxidizing strains from the enriched 

culture, a portion of the suspension was subjected to serial 

dilutions. Specifically, 1 milliliter of the enriched culture was 

used for creating serial dilutions, ranging from 10-1 to 10-7. 

These dilutions were then plated onto Petri dishes containing 

nutrient agar. After incubation, individual colonies that 

developed on the agar plates were isolated using the depleting 

streak method to ensure that pure, single colonies were 

obtained. These pure cultures were subsequently transferred 

onto nutrient agar slants for further analysis. 

These identification procedures followed the protocols 

outlined in Bergey's Manual of Systematic Bacteriology, a 

comprehensive reference for bacterial classification and 

identification. Cell morphology was observed using a 

TESCAN scanning electron microscope LYRA series (Czech 

Republic). 16S ribosomal RNA (rRNA) sequence analysis was 

conducted for taxonomic classification [55]. 

 

3.4 Determination of the spectrum of utilized aromatic 

substrates of the studied strain 

 

To conduct experiments on the destruction of aromatic 

hydrocarbons, the culture of microorganisms was cultivated in 

a nutrient broth with 1% glucose. Then 1 ml of the suspension 

was introduced into flasks with 30 ml of liquid mineral 

medium and hydrocarbons were added. Monoaromatic 

hydrocarbons (phenol, ortho-, para-, meta-cresol) were added 

at a concentration of 0.3 g/l. Cultivation was carried out on an 

orbital shaker at 180 rpm and at a temperature of 30℃. The 

concentration of hydrocarbons in the medium was determined 

every 24 hours to zero readings on a spectrophotometer (UV-

VIS 6305 JENWAY) at a wavelength of 620 nm and a cuvette 

thickness of 0.5 cm. The growth characteristics of the strain 

were studied by the optical density of the culture on a 

spectrophotometer at a wavelength of 540 nm and a cuvette 

thickness of 0.5 cm. 

 

3.5 Biodegradation of Kumkol oil and petroleum products 

 

In Erlenmeyer flasks containing 100 ml of mineral medium, 

5 ml of a day-old culture suspension of the isolated microbial 

strain was introduced. The medium was supplemented with 

different petroleum products (oil, fuel oil, and diesel fuel) as 

the sole carbon source, at concentrations of 1%, 3%, and 5% 

(v/v). These flasks were then incubated in thermostatically 
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controlled shakers set to 30℃ for a period of 14 days to 

facilitate microbial growth and hydrocarbon degradation. 

 

3.6 Biodegradation of oil from different fields of 

Kazakhstan 

 

In this experiment, Erlenmeyer flasks containing 100 ml of 

mineral medium were each inoculated with 5 ml of a day-old 

culture suspension of the isolated microbial strain. The 

purpose was to assess the strain’s ability to degrade oil from 

three different oil fields: Dossor, West Prorva, and Karsak. 

The oils from these fields were introduced into the medium as 

the sole carbon and energy source at a concentration of 1% 

(v/v). The experiment was designed to evaluate the microbial 

degradation of oil at different temperatures and to quantify the 

residual oil content. 

 

3.7 Analytical methods 

 

3.7.1 Determination of the degree of degradation of n-alkanes 

The concentration of petroleum hydrocarbons was 

measured using a 7890-gas chromatograph (GC) combined 

with a mass spectrometer (MS) (Agilent, Santa Clara, USA). 

For this analysis, we utilized the DB-35MS column (30m x 

0.25mm, film thickness 0.25 microns) from J&W Scientific 

Inc., Folsom, California, USA, as the stationary phase. Helium 

with a purity of >99.995% (from Orenburg-Techgas, Russia) 

was used as the mobile phase, flowing at a rate of 1.0 ml/min. 

An injection volume of 1.0 µl was employed with a split ratio 

of 10:1 to ensure proper sample introduction. The GC furnace 

temperature was programmed to start at 40℃ and hold for 5 

minutes, then ramp up to 150℃ at a rate of 7°C/min, and 

finally increase to 300℃ at 5℃/min for an additional 5 

minutes. The injector and transport line temperatures were set 

to 250℃ and 280℃, respectively, to optimize the separation 

and analysis of the hydrocarbons. Mass spectrometry (MS) 

detection was performed at an ionization energy of 70 eV, with 

the mass spectrometer scanning a range from m/z 34 to 850 to 

identify and quantify the petroleum hydrocarbons effectively. 

Calibration curves were established using known 

concentrations of hydrocarbons to ensure accurate 

measurements and reproducibility of the results. 

Data management and analysis, including control and 

processing of GC system data, were performed using Agilent 

MSD ChemStation software (version 1701EA). This involved 

determining retention times, peak areas, and processing 

spectral data obtained from the MS detector. Interpretation of 

mass spectra utilized the Wiley 7th edition program alongside 

the NIST'02 library, which contains over 550 thousand spectra. 

 

3.7.2 Determination of residual oil content in the medium 

The amount of residual oil in the medium was measured 

using a gravimetric method. Chloroform was used to extract 

the remaining oil, and the extract was placed in pre-weighed 

cups. The chloroform was then evaporated at room 

temperature in a fume hood, and the cups were weighed again 

using OHAUS ExplorerEX 124 analytical scales (USA). To 

determine the quantity of oil and petroleum products 

consumed, the following formula was applied: 

 

А =
А1 − А2

А1
× 100% (1) 

 

where, A represents the percentage of oil consumed, A1 is the 

initial amount of oil added, and A2 is the amount of residual 

oil. 

All experiments included appropriate controls to ensure 

reliability and reproducibility of the results. Control samples 

without bacterial inoculation were incubated under identical 

conditions to account for abiotic degradation. Reproducibility 

was ensured by conducting each experiment in triplicate. 

 

 

4. RESULTS AND DISCUSSION 
 

4.1 Characteristics of the strain 

 

The microbial strain used in this study was isolated from 

oil-contaminated soil sampled at the Kumkol field in the 

Kyzylorda region. The isolation process involved using the 

accumulative cultures method to enrich for oil-degrading 

bacteria. After isolation, the strain underwent a series of 

identification tests to confirm its taxonomic position and 

potential for hydrocarbon degradation. 

Figure 1 shows the phylogenetic tree of the strain, 

illustrating its genetic relationship with other Rhodococcus 

species. Comparative analysis revealed that the strain had 99% 

similarity with the typical Rhodococcus sp. strain 7B-577 

(GenBank reference code: KF441686.1) [56].  

 

 
 

Figure 1. Phylogenetic tree 
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4.2 Cultural/morphological and physiological/biochemical 

signs 

 

To characterize the isolated bacteria decomposing oil, 

morphological and biochemical characterization was carried 

out using Bergey's Manual of Systematic Bacteriology. 

 

 
 

Figure 2. Colonies of the strain 

 

 
 

Figure 3. Strain cells on the nutrient agar (scanning 

microscopy) 

 

The strain forms colonies of orange color, shiny, with an 

even edge (Figure 2). The cells are represented by Gram-

positive stationary rods (Figure 3). They are aerobic, catalase-

positive, and oxidase-negative. This strain does not reduce 

nitrates, produce indole, or hydrolyze starch. Additionally, it 

demonstrates a high tolerance for varying environmental 

conditions, which supports its effectiveness in bioremediation 

applications. The strain's ability to thrive in oxygen-rich 

environments and its lack of nitrate reduction suggest a 

metabolic pathway distinct from those of many other bacteria. 

These characteristics are crucial for identifying its potential 

utility in specific environmental cleanup processes. It 

assimilates glucose, sucrose, arabinose, xylose, and mannitol. 

It grows at a temperature of 10-50℃, and the optimum growth 

temperature is 30℃. It withstands NaCl concentrations up to 

10%. 

 

4.3 Growth of the strain on aromatic hydrocarbons 

 

Preliminary screening showed that the strain grew well on 

isomers of cresol, naphthalene, anthracene, phenanthrene, oil, 

fuel oil, and diesel fuel. Statistical analysis indicated 

significant differences in the degradation rates of these 

compounds (p < 0.05). 

An experiment was conducted using the strain cultivated in 

a mineral medium where 0.3 g/l of phenol, along with m-, o-, 

and p-cresol, served as the sole sources of carbon and energy. 

The goal was to assess the strain’s ability to utilize these 

compounds for growth. It was observed that phenol exerted an 

inhibitory effect on the strain’s growth. This inhibition 

suggests that phenol may interfere with the metabolic 

processes or physiological functions of the strain. The 

presence of phenol at this concentration likely affects the 

strain’s ability to effectively metabolize the other carbon 

sources, thereby impacting its overall growth and activity. In 

contrast, the effect of m-, o-, and p-cresol on the strain’s 

growth was also noted, and understanding these interactions is 

essential for optimizing conditions for the strain's use in 

bioremediation applications [57]. 

Figure 4 shows the growth and degradation of o-, m-, and 

p-cresol by the strain. In 72 hours, the doubling of the initial 

biomass was observed with growth on m-cresol. 

Spectrophotometric analysis showed the total consumption of 

m-cresol in the medium during this period. The results were 

statistically significant with p-values < 0.01. The doubling of 

initial biomass was observed with m-cresol, and confidence 

intervals for degradation rates were calculated at 95% CI. p-

Cresol was completely absorbed in 96 h, while o-cresol was 

more resistant to microbial decomposition. Its complete 

degradation was observed after 120 hours. 

 

  
(a) (b) 

 
Figure 4. Growth (a) and degradation (b) of o-, m-, and p-cresol by the strain 
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Previously conducted experiments with naphthalene, 

anthracene, and phenanthrene showed the ability of the strain 

to grow and completely utilize 0.2 g/l of each compound in 4 

days [58]. 

 
4.4 Growth of the strain on Kumkol oil and petroleum 

products 

 
Experiments were carried out on the biodegradation of 

Kumkol oil, fuel oil, and diesel fuel in the amount of 1%, 3%, 

and 5% (v/v) as the only carbon source. Authors indicated 

significant differences in degradation efficiency at different 

concentrations (p < 0.05). Cultivation was carried out in a 

liquid mineral medium at 30℃ in a thermostatically controlled 

shaker for 14 days. The strain showed good degradation 

potential. During 14 days of cultivation, the amount of 1 and 

3% oil decreased by 50.2 and 49.6% relative to the control 

variant, respectively (Figure 5). With an increase in the oil 

content in the medium to 5%, the degree of biodegradation of 

oil decreased slightly and amounted to 47.9%. 

 

 
 

Figure 5. Degradation of oil, fuel oil, and diesel fuel by the strain at different concentrations 

 

At the same level, the strain disposed of fuel oil in the 

amount of 1 and 3%, and biodegradation was 50.4 and 48.9%. 

With a fuel oil content of 5%, the destruction was 41.1%. 

The strain grew worse on diesel fuel. At all studied 

concentrations, its utilization was approximately at the same 

level, 33.8 to 35.8%. Statistical analyses confirmed the 

differences (p < 0.01), and confidence intervals were reported 

at 95%. 

4.5 Biodegradation of n-alkanes by the strain 

 

Most of the oil fields in Kazakhstan are concentrated in the 

Atyrau region. The soil and climate of the Kyzylorda and 

Atyrau regions have similar indicators. Therefore, the strain 

was selected as a promising option for further study of the 

growth of oil fields located in this area. 

 
Table 1. Biodegradation of n-alkanes after cultivation of the strain in a medium with 1% oil 

 

n-Alkanes 
Peak Area, 10-6 

Biodegradation, % 
Control Variant 1D/1 

Undecane 4.1±0.13 not defined (n/d) 100 

Dodecane 28.3±2.15 n/d 100 

Tridecane 58.7±5.40 n/d 100 

Tetradecane 58.9±5.74 n/d 100 

Pentadecane 54.4±5.25 n/d 100 

Hexadecane 51.9±6.91 21.6±0.61 57.6 

Heptadecane 44.6±3.42 n/d 100 

Octadecane 35.6±2.99 n/d 100 

Nonadecane 35.9±5.56 n/d 100 

Eicosane 31.4±3.18 n/d 100 

Heneicosane 28.5±5.20 7.7±0.12 73 

Docosane 24.6±3.70 n/d 100 

Tricosane 19.5±3.51 n/d 100 

Tetracosane 15.5±2.92 n/d 100 

Pentacosane 13.4±1.81 n/d 100 

Hexacosane 13.9±1.82 n/d 100 

Heptacosane 11.3±1.92 n/d 100 

Octacosane 8.5±1.26 n/d 100 
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Table 1 presents data on the decomposition of n-alkanes 

after the growth of the strain on Dossor oil. The results of GC 

analysis showed that the strain under study could efficiently 

utilize n-alkanes with a short (C11-C13), medium (C14-C25), 

and long (C26-C28) chain. Among the n-alkanes of oil, 

hexadecane and heneicosane were more resistant to the effects 

of the strain, and their degree of destruction equaled 57.6 and 

73%, respectively. 

GC analysis showed the strain could utilize n-alkanes with 

chain lengths of C11-C28, achieving 100% degradation for 

several n-alkanes (e.g., undecane, dodecane, tridecane). 

Statistical significance was confirmed (p < 0.05), with 95% 

confidence intervals provided. 

 

4.6 Growth of the strain in the oil fields of the Atyrau 

region at different temperatures 

 

Since the oils of various fields differ in their 

physicochemical parameters, the strain was selected for 

further study of the growth of the Dossor, West Prorva, and 

Karsak oil fields. 

An experiment on the destruction of three oils from the 

Atyrau region in a liquid mineral medium was carried out. Oil 

was added in an amount of 1% (v/v). Cultivation experiments 

were conducted to observe the activity of a particular 

microbial strain at three different temperatures: 10℃, 30℃, 

and 50℃. The cultivation process lasted for a duration of 14 

days, during which the microbial strain was allowed to grow 

and metabolize under controlled conditions at each specified 

temperature. The results of the gravimetric analysis revealed 

that the activity levels of the strain at 10℃ and 30℃ were 

similar, indicating that the strain exhibited comparable growth 

and metabolic activity at these two temperatures (Figure 6). 

During this period, it disposed of 60.9 and 60.6% of the Dossor 

oil relative to the control, respectively. At elevated 

temperatures, the activity of the strain was slightly lower, and 

the biodegradation of oil was 56.1%.  

When using West Prorva oil, the destruction at 10 and 30℃ 

exceeded 61% and at 50℃ 48.3% in 14 days. The oil of the 

Karsak field was slightly worse destroyed. At 10 and 30℃, the 

destruction of oil was 56.9 and 57.6%, respectively. At 50℃, 

the strain reduced the amount of oil by 46%. This can be 

explained by the higher density of this oil (0.933 g/cm3) and a 

large amount of resins (up to 52%). These results were 

statistically significant (p < 0.01) with 95% confidence 

intervals.

 

 
 

Figure 6. Degradation of oil from different fields by the strain at different temperatures 

 

Hydrocarbon pollution, largely resulting from 

petrochemical industry activities, is a significant 

environmental problem. Accidental emissions of petroleum 

products pose a particular threat. Traditional mechanical and 

chemical methods for removing hydrocarbons are often 

limited in effectiveness and costly. Bioremediation, which 

uses microorganisms to degrade pollutants, is a promising 

alternative due to its cost-effectiveness and potential for 

complete pollutant mineralization [58]. 

The Rhodococcus genus, a group of Nocardia-like 

actinomycetes, is widespread in various environments, 

including soil, water, plants, and animals. Rhodococcus 

species are ideal for bioremediation due to their ability to 

decompose many organic compounds, produce surfactants, 

and resist environmental stress. These qualities make them 

excellent candidates for enhancing bioremediation efforts to 

clean contaminated areas effectively. In terms of their 

ecological significance, metabolic versatility, and potential for 

biotechnological use, Rhodococci are in some respects similar 

to Pseudomonadaceae and related bacteria [59, 60].  

For example, Larkin et al. [59] reported that Rhodococcus 

sp. JZX-01 degraded 65.27% of crude oil in 9 days. In 

comparison, our strain degraded up to 61.9% of Dossor oil in 

14 days, showing similar efficacy under laboratory conditions. 

Furthermore, the strain's ability to degrade both light and 

heavy oils at low and elevated temperatures is comparable to 

the findings of Aitkeldiyeva et al. [61], who demonstrated 

thermotolerant microorganisms' effectiveness in oil 

degradation at varying temperatures. 

A new strain, Rhodococcus sp. 1D/1, was isolated from oil-

contaminated soil, demonstrating the ability to decompose oil 

and petroleum products, including fuel oil and diesel fuel. 

Comparative analysis revealed enhanced biodegradability of 

oil and fuel oil over diesel fuel, potentially attributable to 

diesel's higher toxicity. For example, in experiments 

investigating the effects of diesel fuel on ecosystems, 

researchers found significant impacts on biodiversity. The 

main toxic effects observed included a decrease in species 
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richness, which refers to the number of different species 

present in a given area. Additionally, there was a reduction in 

species uniformity, indicating an imbalance in species 

abundances, and a decline in phylogenetic diversity, which 

measures the evolutionary relationships among species. These 

findings highlight the detrimental effects of diesel fuel 

contamination on ecological health and biodiversity [62]. 

The ability of microorganisms to biodegrade oil and 

petroleum products is influenced by the concentration and 

composition of hydrocarbons present. When petroleum 

hydrocarbon levels are extremely high, they can severely 

inhibit bacterial growth. This inhibition results in low 

biodegradation efficiency, as the microorganisms responsible 

for breaking down the hydrocarbons struggle to survive and 

function effectively. In extreme cases, the high toxicity of 

petroleum hydrocarbons can lead to bacterial death, further 

diminishing the biodegradation potential and exacerbating the 

environmental impact of the pollution [63]. Hossain et al. [64] 

showed that with an increase in the concentration of diesel fuel 

in the medium, the growth rate of three bacterial isolates 

decreased. On the contrary, the growth rate increased with an 

increase in the concentration of used engine oil. All isolates 

demonstrated their efficiency in the decomposition of diesel 

fuel with a concentration of 4% v/v and spent engine oil with 

a concentration of 8% v/v [64]. The concentration of oil and 

petroleum products (1, 3, and 5%) did not have a significant 

effect on the destructive activity of the strain. Biodegradation 

of oil was 47.9 to 50.2%, of fuel oil 41.1 to 50.4%, and of 

diesel fuel 33.8 to 35.8%. 

Crude oil is a mixture of aliphatic and aromatic compounds, 

and n-alkanes make up 60% of most forms of crude oil [65]. 

Aliphatic hydrocarbons are partially oxidized by a wide range 

of microorganisms, but only a select few species are capable 

of fully metabolizing these compounds. Notable among these 

are species from the genera Pseudomonas, Nocardia, 

Xanthomonas, Bacterium, Corynebacterium, Mycobacterium, 

and Acinetobacter. These microorganisms possess the 

specialized enzymatic systems necessary to completely break 

down aliphatic hydrocarbons into non-toxic end products. 

Research indicates that the biodegradation of aromatic 

hydrocarbons, which are characterized by one or more 

benzene rings, is influenced by the number of rings and the 

complexity of their molecular structure. According to studies 

[66-68], the more benzene rings an aromatic hydrocarbon 

contains, and the more complex its structure, the more 

challenging it is for bacteria to degrade it. This is due to the 

increased stability and complexity of the molecular structure 

of aromatic hydrocarbons, which makes them less accessible 

to microbial enzymatic action. 

Most bacteria are limited in their ability to decompose or 

utilize only specific components of petroleum hydrocarbons. 

While some bacteria can effectively break down certain 

simpler components, others remain completely inaccessible to 

microbial degradation. This variability in biodegradation 

capabilities highlights the need for selecting appropriate 

microbial strains or engineering them to enhance their ability 

to degrade complex and recalcitrant hydrocarbons in 

environmental cleanup efforts [69, 70]. The 1D/1 strain can 

efficiently utilize n-alkanes with a chain length of C11-C28, 

cresol isomers, and polycyclic aromatic hydrocarbons, such as 

naphthalene, anthracene, and phenanthrene. However, phenol 

had an inhibitory effect on it. 

Oil is a complex mixture made up of many different 

components. The primary constituents of oil are hydrocarbons, 

which are molecules made up solely of carbon and hydrogen. 

Depending on the source, crude oil consists of 82 to 85% 

carbon, 10 to 14% hydrogen, 0.01 to 7% sulfur, 0.02 to 2% 

nitrogen, and 0.1 to 1% oxygen. By composition, oil can be 

divided into light (density from 0.65 to 0.87 g/cm3), medium 

(density from 0.87 to 0.91 g/cm3), and heavy (from 0.91 to 

1.05 g/cm3) [71]. The oils of the Atyrau region used differed 

in density and content of sulfur compounds and resins. The 

oils from the Karsak and West Prorva fields are heavy oils, and 

the Dossor oil is light. The research showed that the 1D/1 

strain can degrade both light and heavy oils. When cultured on 

the three oils at 30℃ for 14 days, no significant difference in 

oil-oxidizing activity was observed. Biodegradation of oil was 

57.6-61.1%. 

Temperature plays a crucial role in hydrocarbon 

biodegradation, impacting the composition of pollutants, 

microbial physiology, and diversity [57]. Typically, 

degradation rates of hydrocarbons decrease as temperatures 

decline. This trend is observed because lower temperatures 

often slow down the metabolic activities of microorganisms, 

leading to reduced degradation efficiency. For example, 

strains such as Acinetobacter sp. JLS1 and Pseudomonas 

aeruginosa JLC1, which were isolated from the Momoge 

wetlands in Jilin Province, China, demonstrated varied 

responses to temperature changes during the degradation of 

the alkane C16. 

These strains showed significant differences in their ability 

to degrade alkane C16 at different temperatures, underscoring 

how temperature can dramatically influence the rate at which 

hydrocarbons are broken down. At higher temperatures, these 

microorganisms generally exhibit increased metabolic activity 

and, consequently, higher degradation rates. Conversely, as 

temperatures drop, the enzymatic processes involved in 

hydrocarbon degradation become less efficient, leading to 

slower rates of breakdown. This variability highlights the 

critical role of temperature in optimizing bioremediation 

strategies and selecting appropriate microbial strains for 

effective environmental cleanup [46, 72, 73]. 

Since the temperature range in the oil-producing regions of 

Kazakhstan is wide (from +48 to -42℃, depending on the 

season), the resistance of strains of destructive 

microorganisms to temperature fluctuations is of great 

importance during bioremediation. Earlier, the Rhodococcus 

fascians K-3 strain, isolated and studied for its characteristics, 

exhibited high oil-oxidizing activity at temperatures of 35 and 

50℃ [61]. The 1D/1 strain showed good destructive activity 

about oil from different fields both at low and elevated 

temperatures. At 10 and 30℃, the biodegradation of oil was at 

the same level. With an increase in temperature to 50℃, the 

activity of the strain decreased slightly. The data are consistent 

with the results obtained by Ullrich and Hofrichter [68]. The 

strain Rhodococcus sp. JZX-01 isolated by them had a good 

ability to decompose oil at medium and low temperatures. 

 

 

5. CONCLUSIONS 

 

The new Rhodococcus sp. 1D/1 strain was isolated from the 

oil-contaminated soil of the Kyzylorda region. It is capable of 

degrading oil and petroleum products. Morphological and 

physiological/biochemical signs of the strain were studied. 

Based on the analysis of 16S RNA, the strain was assigned to 

the species Rhodococcus sp. The strain can use n-alkanes with 

a chain length of C11-C28, isomers of cresol, naphthalene, 
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anthracene, and phenanthrene as the only source of carbon and 

energy. The strain effectively degraded oil, fuel oil, and diesel 

fuel. The strain is capable of degrading both light and heavy 

oils at low and elevated temperatures. The new strain can be 

recommended for the development of biotechnologies related 

to the elimination of environmental pollution by oil and 

petroleum products. 

Limitations of the study include the fact that it was focused 

solely on Rhodococcus sp. 1D/1. In natural environments, 

biodegradation often involves consortia of microorganisms 

working synergistically. This single-strain approach may not 

fully capture the complexities of in situ biodegradation. Future 

research should explore microbial consortia, including this 

strain, to enhance degradation efficiency. Testing with various 

oil types from different regions and conducting long-term 

studies to assess sustained performance and ecological impacts 

will provide a comprehensive understanding of its capabilities 

and safety.  
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NOMENCLATURE 

 

AG Analytic grade 

DNA Deoxyribonucleic acid 

GC Gas chromatography 

MS Mass spectrometry 

MSD Mass selective detector 

NIST National institute of standards and technology 

RNA Ribonucleic acid 

rRNA Ribosomal ribonucleic acid 

UV-

VIS 

Ultraviolet-visible spectroscopy 

 

 

1150




