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Fig. 1. Picture of Kaolin clayey soil ZMK2.
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Table 1. Chemical properties and mineral percentage of Kaolin clay components (Iran chine Clay Industries Company)
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Table 2. Geotechnical properties of Kaolin clay soil.
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Table 3. The type and weight percentage of minerals in Kaolin clay (Iran chine Clay Industries Company).
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Fig. 2. Particle passing curve of Kaolin clay soil ZMK2.

Table 4. Properties of crude oil.
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Table 5. Details of bacterial strains used to improve soils contaminated with crude oil.
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Fig. 3. The experiment stages include: a- Cultivating bacteria, b- Centrifugation of bacterial powder in distilled water,

c- Bacteria deposition, d- Bacteria count, and f) Compressive strength test uniaxial using a sample of kaolin clay
contaminated with 3% crude oil with bacteria.
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Table 6. The program of tests conducted on the specimens.
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Fig. 4. The obtained results from the compaction test on the studied clay, a- maximum dry density, b- optimum water

content.
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Abstract

Soil pollution caused by crude oil is one of the important issues in environmental geotechnics.
Especially, this type of pollution can be observed in the soil layers of oil-rich areas where oil
transmission pipes are located due to the leakage of oil materials. Although the type of soil (granular or
fine) is effective in the development of pollution caused by crude oil. Today, various modern methods
are used to remove hydrocarbon pollutants, one of which is the use of biological materials. The main
propose of present research is evaluate the effect of bacteria application on the geotechnical properties
of clayey soil contaminated with crude oil. For this aim, first crude oil is mixed with clay at the rate of
1, 3 and 5 percent by weight. Then, JQ963328.1 bacteria was added to the contaminated soil and cured
for 30 days. For evaluating geotechnical properties of improved soil standard compaction, uniaxial
compressive strength, direct shear test and consolidation tests have been performed. The results of
present study show that with the increase in the presence of crude oil in clay, the bearing capacity has
decreased and the amount of swelling and settlement has increased. On the other hand, by mixing
bacteria with clay containing 5% crude oil and after curing, it was observed that the uniaxial compressive
strength by 33%, the shear strength by 9.8% increased respectively. The swelling potential decreased

by 23%.

Keywords: Clay soil, Pollution, Crude Oil, Bacteria, Improvement

Introduction

Soil  pollution caused by petroleum
hydrocarbon pollutants is a significant global
environmental issue. In recent years, the oil-
rich regions of southwest and west Iran have
experienced a decline in the efficiency of oil
extraction and exploitation, resulting in the
release or accumulation of oil pollutants in the
soil and environment. On the other hand,
because the northwestern provinces of the
country are considered one of the crude oil
export corridors, the soils around the oil
transmission lines and storage tanks at the
refineries and petrochemical sites have
experienced the mentioned problems. The
development of pollution caused by crude oil
can be influenced by soil type, but modern
techniques, such as the use of biological
materials, are employed to eliminate
hydrocarbon pollutants. Extensive studies have
been conducted in the field of using bacterial
secretions in the soil to remove oil pollution
and improve its geotechnical characteristics,
which can be attributed to the research done by

Khamechiyan et al. (2007), Kermani and Ebadi
(2007), Tajik et al. (2013), Soltani et al.,
(2017), Aghajani et al., (2020) and Salim Nejad
et al.,, (2020). The primary focus of this
research is to examine how bacteria application
affects the geotechnical properties of clay with
low plasticity index properties that has been
contaminated with crude oil.

Material and methods

For this study, kaolin clay with a low plasticity
index was obtained from Iran Chinese
Industries Company near Marand city with the
trade name ZMK2. The particle passing curve
of the studied materials has been determined
according to ASTM D421 and ASTM D422
standards and can be seen in Figure 1.
According to the united category system, the
type of kaolin clay is CL. The plasticity index
(PD) of clay according to ASTM D4318-95a
standard and specific density (Gs) were also
estimated according to ASTM D854 standard
and are presented in Table 1. Also, the crude
oil was obtained from Tabriz Refinery. The
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bacterial strain JQ963328.1 was used and
studied in the soil research. The specimen
preparation is done in two stages. In the first
step, the studied soil samples were placed in an
autoclave and sterilized. Then, crude oil was
spread in the amount of 1, 3 and 5% to the dried
soil using a low pressure sprayer. The soil
samples contaminated with crude oil were
cured in a closed plastic container for 30 days
without absorbing moisture or evaporating the
oil. In the second step, in order to prepare soil
samples contaminated with crude oil materials
containing bacteria, similar to the first step,
after preparing the samples, bacterial powder is
dissolved in distilled water and sprayed. Then
it was kept in a closed container for a week at
room temperature and cured again. In order to
determine the behavioral parameters of clay
soil in pure condition, contaminated with crude
oil materials and modified using bacteria, first
the compaction test according to the ASTM
D698 standard was performed. Then, uniaxial
compressive strength test based on ASTM
D2166 standard was carried out. Next, the
direct shear test according to the ASTM
D3080-11 standard was performed on samples
with dimensions of 10 x 10 square centimeters
as strain control under the influence of vertical
stresses of 100, 200 and 300 kPa. Finally, in
order to evaluate the amount of consolidation
settlement and the value of swelling in the
studied samples, the consolidation test was
performed according to the ASTM D2435
standard.

Results and discussions

1- Compaction test results

The compaction test results indicate that as the
oil content in the clay increases, the maximum
dry density (yamax) decreases. This reduction is
almost equal to 8% when the amount of crude
oil reaches 5% by weight. On the contrary, with
the increase in the amount of crude oil, the
optimum water content in the samples
increased and when the value of crude oil
reached 5%, the optimum water content
reached almost 42%. When bacteria are added
to soil samples contaminated with crude oil. It
was seen that when the amount of crude oil
reached 5%, the amount of dry weight
increased by 7.2% and the optimal moisture
content decreased by 2%.

2- Uniaxial compressive strength test results
Results of uniaxial compressive strength test
showed that when crude oil is added to the clay

specimen, the uniaxial compressive strength of
the contaminated soil decreases. The reduction
reaches 45% with the addition of 5% crude oil.
However, when bacteria are added to the
contaminated clay samples and cured, contrary
to the previous case, the resistance and bearing
capacity of the soil sample with crude oil
increase by 33%. Also, when the crude oil
content in clay is raised to 5%, the axial strain
decreases, while simultaneously, the modulus
of secant initially decreases and then increases.
Conversely, by adding the bacterial secretions
into the soil under study indicates that in
samples containing 3% crude oil, it leads to a
slight increase in flexibility and axial strain at
the failure moment. However, as the crude oil
presence increases, the soil behavior tends to
become more modified and brittle.

3-Direct shear test results

According to direct shear test can be explained
when crude oil is mixed with clay, the internal
friction angle between clay particles decreases.
The addition of 5% crude oil results in an 18%
reduction in the internal friction angle, and
cohesion decreases by 25%. Following this, the
adding of bacteria to the crude oil-
contaminated clay, particularly in the sample
containing 5% stabilized crude oil, leads to a
3% increase in the internal friction angle.
Additionally, there is a slight improvement in
cohesion, with an increase of 2.45%.

Also, in all applied loads, the shear strength of
clay samples containing crude oil has
decreased. Specifically, the shear strength in
the clay sample containing 5% crude oil
decreased by an average of 21% across all
loads. Conversely, after adding bacteria to the
studied samples and completing the curing, the
soil's shear strength increased to some extent,
with the highest value observed in the sample
containing 5% crude oil. On average, shear
resistance increased by 9.8% across all loads.
4-Consolidation test results

Results of consolidation test showed the size of
swelling in the clay increased by almost 65%
with the increase in the amount of oil.
Conversely, when oil-contaminated clay
samples are mixed with bacteria and cured, it
can be observed that the swelling in the
stabilized soil is reduced to approximately
23%.

Conclusion
In general, it can be explained that the lighter
parts of crude oil are broken down faster than
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the heavier parts by oil-degrading bacteria.
Larger-sized organic molecules are more likely
to be adsorbed by clays than inorganic cations
due to greater access to London-van der Waals
forces. As observed, the absorption of crude oil
alters the properties of clay. The surfaces of
clay particles are composed of non-polar
hydrophilic to hydrophobic compounds with
low dipole moments (less than 1 Debye).
Consequently, their adsorption onto the
surfaces of clay particles forms weak bonds,
typically limited to the outer layers of the soil.
Most hydrocarbon molecules in crude oil are
insoluble in water due to their hydrophobic
structure, which reduces mobility and retains
pollutants in the environment. Lighter
hydrocarbons can be washed away and
evaporated more easily, while heavier

components tend to remain in the soil. Higher
solubility in water causes a significant number
of chemical pollutants to remain in the aqueous
phase. When hydrocarbons have a lower
concentration in water, they absorb fewer soil
solids and have a greater tendency to bind to
the surface of soil particles. Therefore, in clay
soils, pollutants are strongly attached to
particle surfaces, reducing their availability to
microorganisms. As a result, it can be
concluded that bacterial secretions can be
utilized to enhance and stabilize fine-grained
clay soils contaminated with crude oil.
However, the type of clay mineral, its plasticity
properties, and atmospheric conditions may
influence the effectiveness of the proposed
method, which should be taken into account in
future research.



