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Article Info ABSTRACT

Article type: Research Article Oil pollution is recognized as one of the significant threat to soil fertility and plant production.

Pollution caused by petroleum hydrocarbons, reduces the hydraulic conductivity of soils,
leading to increased erosion and runoff, and decreased plant growth. One practical approach
for remediating soils contaminated with petroleum hydrocarbons is using biosurfactant-
Received: May.23, 2024 producing microorganisms that can degrade these compounds. This study examined the

L efficacy of a microbial consortium comprising the bacterial strains Dietzia aerolata PS14B1,
Revised: July. 6, 2024 Kocuria salina PS12B2, and Mesobacillus harenae PS9D12 in altering the permeability

Article history:

Accepted: Aug. 5, 2024 coefficient of soil contaminated with high pollution (TPH). In the hydrocarbon growth and
. . degradation test in the mineral base medium after seven days of incubation, the results showed
Published online: Nov. 2024 that strains PS14B1, PS12B2, and PS9D12 were successful in reducing Total Petroleum

Hydrocarbons (TPH) by 25.63%, 24.11%, and 22.83%, respectively, which was significantly
different from the control (P<0.05). The inoculation of the bacterial strains into the soil and

Keywords: subsequent 30-day incubation demonstrated a significant increase in soil hydraulic
B{0d€gf3d3t1011, conductivity, from 1.18 cm h-1 to 9.12 cm h-1, compared to the control treatment (3.24 cm h-
Biosurfactant, 1). These findings suggest that the bacterial consortium holds potential for the sustainable
Crude Oil, remediation of oil-contaminated sites and the enhancement of soil permeability in polluted
Hydraulic Conductivity, areas.

Oil Pollution.

Cite this article: Zeynali, K., Shariati, S., Pourbabaee, A., Shorafa, M. (2024). The application of biosurfactant producing bacterial
consortium as a petroleum degrader in increasing the hydraulic conductivity coefficient of TPH-contaminated soil,
Iranian Journal of Soil and Water Research, 55 (9), 1585-1599. https://doi.org/10.22059/ijswr.2024.376847.669716

© The Author(s). Publisher: The University of Tehran Press.
DOI: https://doi.org/10.22059/ijswr.2024.376847.669716 BY NC



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:komeilzeynali7899@ut.ac.ir
mailto:shayan_shariati@ut.ac.ir
mailto:Pourbabaei@ut.ac.ir
mailto:m_shorafa@ut.ac.ir
https://doi.org/10.22059/ijswr.2024.376847.669716
https://doi.org/10.22059/ijswr.2024.376847.669716
https://orcid.org/0009-0009-8227-6775
https://orcid.org/0000-0003-3441-209X
https://orcid.org/0000-0002-5273-2161
https://orcid.org/0000-0002-0880-4850
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Soil and Water Research, Vol 55 (9) 1586

EXTENDED ABSTRACT

Introduction:

The surge in petroleum product demand poses a significant risk of oil pollution. Crude oil, a mixture of
diverse hydrocarbons, is susceptible to degradation by microorganisms. Exposure to petroleum compounds
not only disrupts soil structure but also endangers human health due to their carcinogenic and mutagenic
properties. Such compounds impede water flow mechanisms in contaminated soils, leading to reduced
hydraulic conductivity, erosion, and surface runoff. Bioremediation emerges as a promising approach to
address oil-contaminated soils, mainly through the secretion of biosurfactants by proficient microbes,
enhancing the compounds' biodegradation by augmenting their bioavailability. This study aims to explore the
biodegradation capability and biosurfactant secretion of hydrocarbonoclastic bacteria, along with improving
hydraulic conductivity in oil-contaminated soil using potent strains.

Materials and Methods:

Twelve bacterial strains isolated from oil-contaminated soil were obtained from the microbial collection
of the Soil Science and Engineering Department, Faculty of Agriculture, University of Tehran. Initial testing
involved assessing the growth ability of strains in MSM-agar medium containing crude oil as the sole source
of carbon and energy. The Total Petroleum Hydrocarbon (TPH) reduction ability was evaluated by inoculating
bacteria into a MSM medium containing 1% crude oil (at a concentration of 5% v/v) and determining the
remaining TPH gravimetrically after seven days. Furthermore, biosurfactant production capacity was assessed
through oil spreading, surface tension reduction, and emulsification index (%E24) tests. Based on the results,
three strain: Dietzia aerolata PS14B1, Kocuria salina PS12B2, and Mesobacillus harenae PS9D12 were
selected and applied as a microbial consortium to contaminated soil to evaluate their impact on hydraulic
conductivity.

Results and Discussion:

The growth ability test indicated that strain PS12B2 exhibited the highest growth compared to others in
the presence of oil. In the oil spread test, strains PS12B2, PS2C3, and PS20B1 exhibited the most expansive
halos, measuring 2.43, 2, and 2 cm, respectively, which was statistically significant (P<0.05). It's noteworthy
that researchers established a minimum halo diameter of 0.5 cm as indicative of positive biosurfactant
secretion. Moving on to the surface tension test, strains PS12E1, PS20B1, and PS12B2 demonstrated
remarkable efficacy in reducing the surface tension of distilled water from 72.36 mN m to 32.37, 31.39, and
30.43 mN m?, respectively. Furthermore, in the E24 test utilizing n-hexane as a water-repellent medium,
strains PS20B1, PS7D1, and PS12E1 exhibited the highest emulsifying capacity among all strains, with E24
values of 54.93%, 42.58%, and 40.5%, respectively. Notably, strains PS14B1, PS12B2, and PS9D12
demonstrated substantial TPH reduction capacities by 25.63%, 24.11%, and 22.83%, respectively, which was
significantly different from the control treatment (1% reduction). Monitoring soil hydraulic conductivity
showed a significant increase from 1.18 to 9.12 cm h't after 30 days with the PSZ treatment compared to the
control treatment (3.24 cm h1) (P<0.05).

Conclusion:

Petroleum hydrocarbons have adverse effects on human health and soil physical properties such as
hydraulic conductivity. Bioremediation is one of the best methods for restoring soils contaminated with oil.
The results of this study showed that strains Dietzia aerolata PS14B1, Kocuria salina PS12B2, and
Mesobacillus harenae PS9D12 have good growth capability in MSM agar oily medium, biosurfactant
secretion, and petroleum hydrocarbon degradation. Additionally, the consortium composed of these strains
increased soil hydraulic conductivity from 1.18 to 9.12 cm h* (P<0.05). Therefore, these strains can be used
in the bioremediation of oil-contaminated areas to promote environmental cleanliness and stability.
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