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Abstract

Due to the constantly growing demand and consumption of fuels and petroleum
products, the risk of environmental pollution with these substances is growing. Organic
substances also constitute a huge part of historical pollution. This applies to both parts
of the areas of operating industrial plants, petrol stations or roadside strips; as well as
post-industrial areas of closed or liquidated enterprises, railway sidings, former military
areas, airports. In the 1990s, the problem of contaminated soils and land became the
focus of attention in Poland in connection with the development of airports and military
bases abandoned by the Soviet army. However, the list of actions implemented on
a national scale is very short. Both the type of development, area and the degree of
environmental contamination can vary greatly, which is why it is necessary to develop
new, intelligent methods that can be flexibly applied in different areas and in different

environmental conditions.

There are many methods for removing these pollutants from the soil and water
environment, but most of them have disadvantages resulting from the complexity
of the remediation process, technical limitations or excessively high costs. Often, these
are also complicated, technologically multi-stage methods, often focusing on flushing
pollutants deep into the soil profile to groundwater and then capturing these pollutants
from the groundwater table, or preferring to pump out water and purify it in above-
ground container systems. This work is the result of an analysis of previously used
methods, their effectiveness, ease of use in various environmental and terrain
conditions, economic aspects and safety for people and the environment. As a result
of this analysis, a system combining elements of various currently used activities and
available methods of removing pollutants from the ground (hybrid method) was
developed and tested. In the assumption of the research, the combination of effective
elements of different methods was to cause a multiplied positive result in the form
of shortening the effective time needed to bring the ground to the expected parameters.
The core of this method and an absolutely new element was the use of biological
preparations immobilized in the form of polymer capsules. As part of the doctoral
thesis, several potentially contaminated areas were found and analyzed. Post-

industrial areas with a well-documented history, with contamination with petroleum



substances detected for many years, were selected for the field experiment.
An important selection criterion was the fact that these areas had many years
of monitoring data (even over twenty years) confirming the type and concentration
of stagnant pollutants. These areas were carefully inventoried and described. A series
of laboratory tests were conducted, including physical, chemical and microbiological
analyses. The extent of soil contamination was estimated and a method for removing
identified pollutants was designed. A number of field works were carried out to prepare
the areas for remediation procedures and remedial actions were regularly carried out,
in accordance with the project and previous assumptions, for several months until the
expected goals were achieved. Throughout the entire field experiment, environmental
monitoring was carried out through cyclical soil sampling and their analysis
in accordance with the currently applicable regulations. During the doctoral thesis,
a number of studies and laboratory experiments were also conducted. The basic
physicochemical parameters of soil samples taken from selected areas were
examined, such as: pH, dry mass, water permeability, carbon, nitrogen, phosphorus
content and granulometric composition. In order to determine the number and quality
of microorganisms from the experimental areas studied, microbiological analyses were
performed for the presence of bacteria, actinomycetes and fungi. Only samples from
the zone contaminated with petroleum derivatives were analyzed to isolate those
organisms that can survive in an environment contaminated with these substances and
that treat these substances as a source of carbon. Based on these studies, a group
of bacterial microorganisms potentially useful in the process of decomposing
petroleum contamination was selected. They were used at a later stage of work
to produce bacterial broth, which in turn was the basic component of the key
immobilized biopreparation produced for the needs of field experiments. During the
entire experiment, over 5,000 kg of the immobilized preparation in the form of polymer
microcapsules was produced. In order to test the effectiveness of the process on
a laboratory scale, a soil profile model (column experiment) was built containing
various types of soils contaminated with petroleum derivatives, which were subjected
to activities analogous to the planned field activities. As practice has shown,
an experiment of this type turned out to be difficult to conduct due to the lack
of possibility of mapping the relevant field conditions on a micro scale. A series
of respirometric studies were conducted, consisting in the analysis of soil air for gases

emitted during soil processes. These studies were conducted using the EGA60 gas
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analyzer from Geomor Technik and the ECHO ER respirometer from Echo
Instruments. The first device allows for measuring the concentration of CO2 and H20
emitted from samples, the second allows for measuring, among others, the
concentration of CO2, H20 and oxygen consumption in conditions of controlled
humidity, temperature, pressure and air flow. These experiments allowed for the
simultaneous determination of the level of respiration of soils subjected to treatment
with specific factors and the determination of the intensity and kinetics of the
decomposition of petroleum substances in real time, i.e. their degradation. The
respirometric analysis was performed on model soil samples produced in the
laboratory, contaminated with diesel oil in a precisely known amount. These samples
were treated with substances used in parallel in the field experiment. Respirometric
experiments were conducted long-term, up to 50 days, in order to capture the full scope
of soil processes over a longer period of time. At the beginning and after the end of the
experiments, the samples were analyzed for the content of petroleum derivatives. Due
to the expectation of maintaining the highest accuracy of the results, the soil samples
were analyzed in an accredited laboratory referred to in art. 147a section 1 item 1
or section l1a of the Act of 27 April 2001 - Environmental Protection Law, using
reference methodologies for conducting soil and earth pollution tests specified
in Annex No. 3 to the Regulation of the Minister of the Environment of 1 September
2016 on the method of conducting the assessment of earth surface pollution (Journal
of Laws of 2016, item 1395).

The obtained results allowed us to assess various preparations in terms of their
usefulness in the process of removing oil-derived contaminants from the soil and water
environment. Laboratory tests helped to estimate the degree of effectiveness
of various substances and their mutual connections. Field experiments confirmed the
validity and effectiveness of the tested hybrid method included in the developed system
of action. The appropriate combination of the action of various substances, especially
the microencapsulated biosolution and biosurfactant, in one system, gives a very good
synergistic effect not only on a laboratory scale but also, more importantly, on a field
scale.

The applied hybrid method combines elements of classic remediation approaches with
advanced biological technologies, such as immobilized microorganisms and
biosurfactants. The developed technology allows for effective acceleration of the
biodegradation processes of oil-derived pollutants, minimizing their impact on the
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environment. The key element of this method is the use of biological preparations
in the form of polymer microcapsules, containing selected microorganisms capable
of degrading oil-derived hydrocarbons. The effectiveness of the method was verified
both in laboratory and field conditions. Field studies were conducted on land with well-
documented historical contamination with oil-derived substances, confirmed by many
years of environmental monitoring. The hybrid system used in these conditions allowed
for a significant reduction in the concentration of pollutants, which was confirmed on
the basis of soil analyses. It has been shown that this method is more effective and
environmentally friendly than classical remediation techniques, which often lead to the
leaching of contaminants into the soil profile or require expensive technological
installations. The research results confirmed the high implementation potential of the
developed technology, indicating that it can be an alternative to traditional methods
of cleaning soils contaminated with petroleum derivatives.

In summary, the hybrid soil bioremediation method is an innovative and effective
solution for the remediation of degraded areas. Its implementation allows for effective
land remediation while reducing operating costs and limiting the negative impact
on soil ecosystems. The obtained results constitute a significant contribution to the
development of the discipline of environmental engineering, mining and energy,
offering a practical tool for institutions dealing with environmental protection and the

remediation of contaminated areas.



