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Abstract
Slurry phase bioremediation has recently been demonstrated to be a viable method for remediating clayey soils. 

It is an easy and affordable process. Additionally, some researchers are interested in the utilisation of the promising 
approach known as microbial cell immobilisation. Examining the cooperative adsorption and biodegradation of heavy 
crude oil by a single Bacillus licheniformis immobilised in a brand-new hybrid matrix in aqueous phase is the main 
goal of this study. The findings of isotherm investigations and adsorption kinetics of crude oil on PUF matrix showed 
a high connection between experimental data and Langmuir's isotherm and that PUF had the maximum monolayer 
coverage. Examining hybrid matrix in slurry phase bioremediation is the study's other goal. RSM, or response surface 
technique, was used to reduce. because of purpose, the impact of three factors, such as soil type and crude oil content 
Studies have been done on salinity and the water to soil ratio (WSR: 2-10). After 21 days, the study found that the TOC 
reduction in the soil that had been contaminated by crude oil ranged from 39% to 80%. To compare the performance 
of hybrid-immobilized cell with other systems, studies using polyurethane immobilised cell, alginate-immobilized cell, 
and freely suspended cell suspension systems were also carried out. 
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Introduction
Our findings demonstrated that immobilised cells in hybrid PUF 

alginate matrix systems outperform other immobilised cell and free 
cell systems [1]. Overall, the findings suggested that the hybrid matrix 
with simultaneous adsorption and biodegradation capabilities may be 
suitable for further development for the remediation of oil spills [2]. One 
of the biggest environmental problems is the contamination of diverse 
ecosystems with crude oil as a result of oil reservoirs, transportation 
operations, and other activities. Physical and chemical removal of 
contaminants can be difficult due to the low solubility, non-polar nature, 
and hydrophobicity of most pollutants. In this study, a novel matrix 
that serves as a carrier for microorganisms that degrade hydrocarbons 
has been created for the first time using a combination of synthetic and 
natural polymers. In order to achieve these goals, a novel technique was 
used to minimise microbial cell localisation and cell release from PUF 
as well as to reduce the harmful effects of produced heat on bacteria 
during PUF polymerization [3]. The hybrid matrix's performance was 
initially evaluated in aqueous phase studies to determine its capacity for 
concurrent adsorption and biodegradation [4]. The soil remediation 
process can be facilitated by immobilised cells in a polyurethane foam 
and alginate mixed matrix that don't harm microbial cells [5]. To achieve 
this, PU foam was initially created without the presence of microbial 
cells in order to counteract the negative effects of heat production and 
the suppression of free radicals during polymerization [6]. The cells 
were then trapped and their release during the biological process was 
minimised by crosslinking an alginate solution containing microbial 
cells with PU foams. Methylene diphenyl diisocyanate and polyether 
polyol were gently combined to create PUF in the first step [7]. Leakage 
of oil and its derivatives into the soil might alter the engineering 
behaviour of soil and cause environmental catastrophes retrieving the 
contaminants from polluted sites compressive strength outside of a 
limited space, shear strength, swelling pressure, and soil consolidation 
coefficient. Additionally, pollution raised the soil's compressibility, 
swelling index, and compression ratio. Soil pollution was decreased 
via bioremediation by around 50%. Moreover, bioremediation 
enhanced OMC, shear strength, cohesion, internal friction angle, 

failure strain, porosity, compression index, and settlement compared 
to uncontaminated soil while decreasing MDD, UCS, swelling index, 
free swelling, and swelling pressure. Microstructural investigations 
demonstrated that oil contamination did not change the soil's chemical 
composition, elemental composition, or mineral composition [8]. 
The bioremediation greatly raised the aforementioned metrics 
while reducing the specific soil surface area [9]. The process of 
bioremediation produced quasi-fibrous textures as well as porous and 
agglomerated structures. Humans' ruthless use of natural resources 
and industrialization, which contaminated the air, water, and soil, has 
wreaked havoc on the ecosystem [10]. These are regarded as one of the 
most prevalent strengths of various clay minerals with varied dielectric 
constants of pore fluid due to the significance of oil and its derivatives as 
well as the broad activities of oil-related businesses [11]. By varying the 
ethanol content in distilled water, they altered the dielectric constant 
values [12]. Their evaluation  Results indicated a correlation between 
the actual fluid ratios adjusted to the liquid limit and the undrained 
shear strengths of Na- and Casmectites. Because kaolinites and 
illites contain noticeably fewer exchangeable cations than smectites, 
Atterberg limits have a substantially lower range, which lessens their 
significance. Utilizing various remediation procedures is necessary to 
restore polluted sites to their pre-contamination state and transform 
contaminated materials into environmentally and geotechnically sound 
building materials. There are many different remediation techniques 
available, including biological, chemical, thermal, physicochemical, 
and integrated remediation technologies, depending on the type and 
concentration of the contaminants, the soil type, the characteristics of 
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the contaminated site, the cost and time required for the process, as well 
as the environmental impact and effectiveness [13]. The preservation, 
volatilization, and movement of hydrocarbons in soil were examined in 
terms of their physico-chemical properties [14]. They discovered that 
by reducing soil moisture, hydrocarbon vapour phase transfer and soil 
retention were both reduced. Increase, and nonaqueous phase liquid 
transport increases, and nonaqueous phase liquid transport declines. 

Discussion
Due to its ability to permanently reduce oil contamination, lack of 

long-term side effects, low cost, and environmentally friendly nature, 
bioremediation is regarded as a successful and widely recognised 
technology for the treatment of contaminated soils [15]. Sarkar et 
al. evaluated two forms of biostimulation for the degradation of low 
carbon Tarpley clay oil polluted with diesel under the application of 
monitored natural attenuation. They employed sterilised biosolids 
that also contained carbon and nitrogen- and phosphorus-containing 
inorganic fertiliser as rapid- and slow-release nutrients, respectively. 
Eight days of Compared to measured natural attenuation that 
caused degradation, both approaches revealed 96% oil breakdown. It 
demonstrated that bio-solids work better as a biostimulator. Explored 
if it would be possible to use cleaned-up soils for the bioremediation 
of used-oil sludge. Comparing various bioremediation techniques, 
they observed a significant drop in the overall petroleum hydrocarbon 
content. in a technique of natural attenuation. Studied the effectiveness 
of bacterial biodegradation in sandy soil contaminated with crude oil.

Conclusion
They found that oil-degrading bacterial and fungal communities 

exist in naturally attenuated and amended microcosms, making reuse 
of remedied soils a low-cost and efficient method of bioremediation 
without the need for additional treatments. They increased oil-
degrading bacteria and mineral nutrients, which led to an increase 
in oil breakdown of between 50% and 80%. They noted a rise in the 
MDD cohesion and UCS values when taking into account mechanical 
characteristics, and they recommended the use of biotreated  soil 
as the foundation of a road or erosion There have been thorough 
and accurate studies on the impact of oil contamination on the 
geotechnical characteristics of various soils, but there haven't been any 
notable studies that cover the effects of crude oil contamination and 
bioremediation on the geotechnical characteristics of highly plastic 
clayey soils, and the findings are inconsistent. Atterberg limitations, 
compacting, unrestricted compression, and direct  To examine the 
impact of contamination and bioremediation on the geotechnical 
properties of soil, shear and consolidation experiments were performed 
on samples of uncontaminated, contaminated, and bioremediated soil. 
The distribution of organic contaminants was studied using X-ray 
diffraction to ascertain the physico-chemical impacts of oil pollution and 
bioremediation on the soil microstructure. Between pore water, which 
is represented as, and soil components  partition factors and soluble 
substances connection and contact with dirt. Due to their hydrophobic 
nature, the majority of hydrocarbon molecules are insoluble in water. 
These elements lead to decreased mobility and greater environmental 
contamination retention. While heavier components tend to be kept in 
the soil, lighter components can be leached and evaporate more readily. 
Because more chemical contaminants can be dissolved in water, more 
of them can be kept in the aqueous phase. Lower soil solid sorption 
is the result. Hydrocarbons will be more inclined to adhere to the 
surface of soil particles if their accommodation concentration in water 
is lower. Thus, the least inclination would be found in the aromatic 
components of petroleum products, which have higher accommodation 

concentrations and are the most poisonous. Consequently, due to the 
aforementioned mechanisms and properties, in clays, contaminants 
connect strongly to the surface of the particles, and the availability 
of contaminants to micro-organisms will decrease. Additionally, it is 
difficult for the water and oxygen to reach and penetrate the whorls 
of the clay, which makes it difficult for contaminants to move through 
them. Due to high plasticity, SSA, and low permeability, the soil may 
display complex behaviour when subjected to contamination and 
remediation. Since clay minerals are very fine-grained and they have 
layered structure, the normal XRD analysis could not detect them. 
Therefore, to demonstrate clay minerals, a layered structure model was 
developed. In four phases, oxides and organic debris were eliminated. 
The material was saturated with potassium chloride after XRD analysis 
as usual. The sample was then heated at 550 C for 2 hours to eliminate 
chlorite in order to detect it. Kaolinite. The material was then saturated 
with magnesium chloride in the following stage. The soil was treated 
with ethylene glycol to detect chlorite from montmorillonite as the last 
stage. Fig. displays the treatment process results as well as the quadruple 
stage graphs. using the abbreviations k, kt, mg, and mge, in that order.
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