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Risks caused by microbiologically influenced corrosion

in diesel fuel storage tanks

Zagrozenia spowodowane korozja mikrobiologiczna w zbiornikach magazynowych

oleju napedowego

Microbiologically influenced corrosion (MIC) poses serious problems
for the petrochemical and refinery industries. Particularly favourable
conditions for MIC arise in storage tanks and transmission pipelines
for mixtures of diesel oil with the addition of a biocomponent (in
Poland 7%). The best conditions for the development of MIC occur
at the fuel-water interface, where microorganisms are provided with
a source of food and water, the presence of which is one of the basic
conditions for the development of microorganisms. The development
of microbiological deposits leads to the formation of sludge, causing
fuel deterioration and corrosion that occurs under the resulting
biomass.

Studies have shown that biodiesel, alone as a substitute and as an
additive to traditional fuels, increases the corrosion rate of carbon
steel used in pipelines, storage tanks and other fuel infrastructure.
Therefore, there is an increasing demand for research on methods
of protecting steel surfaces in these conditions. The phenomena
causing the corrosion of tanks and directions of research related to the
protection against corrosion of infrastructure will be discussed.

Keywords: microbiologically influenced corrosion, MIC, fuel storage
tanks, biofilm, microorganisms

1. Introduction

Microbiologically influenced corrosion is a concern for many in-
dustries, especially the petrochemical industry and logistics infra-
structure in particular, namely fuel storage tanks and pipelines [1-
4]. The switch to biofuels as an alternative to traditional fossil fuels,
in addition to the undeniable advantages such as their renewab-

Korozja powodowana przez mikroorganizmy (ang. microbiologically
influenced corrosion, MIC) stwarza powazne problemy w przemysle
petrochemicznym i rafineryjnym. Szczegdlnie korzystne warunki do
rozwoju MIC powstajq w zbiornikach magazynowych i rurociggach
przesytowych mieszanek oleju napedowego z dodatkiem biokom-
ponentu (w Polsce: 7%). Najlepsze wystepujq na granicy faz paliwo-
-woda, gdzie mikroorganizmy majq zapewnione zrédfo pozywienia
i wody, co jest jednym z podstawowych warunkdw ich rozwoju. Two-
rzenie sie osadéw mikrobiologicznych prowadzi do powstawania
szlaméw, powodujqcych pogorszenie jakosci paliwa i korozje, ktora
zachodzi pod powstatq biomasgq.

Badania wykazaty, ze biodiesel, samodzielnie jako substytut i jako
dodatek do tradycyjnych paliw, przyspiesza korozje stali weglowej stoso-
wanej w rurociggach, zbiornikach magazynowych i innej infrastrukturze
paliwowej. Wzrasta zatem zapotrzebowanie na badania nad sposobami
zabezpieczania powierzchni stalowych w tych warunkach. Omédwione
zostanqg zjawiska powodujqce korozje zbiornikéw oraz kierunki badari
zwigzane z ochrong przed korozjq infrastruktury paliwowej.

Stowa kluczowe: korozja wzbudzona przez mikroorganizmy, MIC,
zbiorniki magazynowe paliw, biofilm, mikroorganizmy

ility and biodegradability, poses problems related to the lower
corrosion resistance of the engineering materials used in the infra-
structure [5, 6]. This is particularly true of carbon steel, the most
commonly used material for this purpose. In addition, fuel degrad-
ation is more rapid and the resulting microbial contaminants fur-
ther degrade the properties of the fuel, especially during long-
-term storage. This can cause damage to distribution equipment
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Fig. 1. Location of microorganisms in a fuel tank
Source: own work based on [14].

Rys. 1. Umiejscowienie drobnoustrojéw w zbiorniku paliwa
Zrédto: opracowanie whasne na podstawie [14].

and vehicle engines [7, 8]. All fuels are affected by these phenom-
ena, but the greatest problems are observed with diesel fuel. As it is
currently not possible to replace diesel with biodiesel, biocompon-
ents (biodiesel) can be added to fossil diesel in quantities of up to
20% by volume (B20). In Poland, diesel fuel contains 7% biodiesel
by volume (B7).

Biodiesel consists of a mixture of fatty acid methyl esters derived
from vegetable or animal fats and as such is a renewable mater-
ial [9]. Very low sulphur diesel is used to make the blend and the
addition of biodiesel restores the lubricity lost by the removal of
sulphur compounds [10, 11]. Blends up to 20% can be used without
modification to existing engines or infrastructure and show favour-
able combustion and atmospheric emission characteristics [12].

The corrosion problems associated with the use of biodiesel
pose a challenge to those working on these issues and no effective
practical solution has yet been found [13]. Although a great deal of
research is being carried out, the results are not being applied in
industrial practice. This is due, among other things, to the diversity
of microorganisms in individual plants, their adaptability and in-
creasing regulatory restrictions on the toxicity of compounds used
as biocides.

2. Microbial corrosion in diesel tanks

2.1. Microorganisms

The presence of the “three M's” is required for microbial corro-
sion [13]: microorganisms, a medium, and metal (more generally:
amaterial). Microorganisms are commonly found in fuel tanks (Fig. 1),
fuel transport equipment and elements of fuel supply chains, from
where they are distributed to other elements of the infrastructure.
In addition, bacteria and fungal spores, as well as dirt and water, can
enter the tank through breather valves and inspection hatches. Af-
ter a certain period of time when no preventive measures are taken,
such as cleaning the tanks or draining them, a biofilm can form, con-
stituting a seedbed for microbial corrosion [13].

So-called planktonic microorganisms can be found in the fuel
which, under favourable conditions, produce a biofilm on the tank
wall surface [14, 15].

The most favourable conditions for the growth of microorgan-
isms occur when they form a biofilm as a result of their ability to
communicate intercellularly using the so-called quorum sens-
ing (QS) mechanism [16-18]. According to this mechanism, bac-
teria produce, release, and detect signalling molecules called auto-
inducers throughout the colony, through which they communicate
with each other. QS also coordinates motility, spore formation,
resistance to hazards, pigment production, bioluminescence and
virulence factors. Behaviours controlled by QS are only effective
when bacteria live in a colony, forming a biofilm, rather than being
dispersed. By allowing bacteria to coordinate group behaviour, QS
enables them to take on some of the characteristics of multicellular
organisms and gives them greater defence capabilities against ex-
ternal agents [5, 16-18].

Biofilm formation is shown schematically in Fig. 2 and involves
the following steps [19]:

1. Attachment: at the initial stage, free-floating microbial (plank-
tonic) cells attach to surfaces (biotic or abiotic) through weak
interactions such as acid-base, Van der Waals and electrostatic
interactions.

2. Colonisation: bacteria irreversibly attach to surfaces through
stronger interactions (using adhesion proteins, lipopolysacchar-
ides, flagella and pilli).

3. Proliferation (multiplication): bacterial cells accumulate and
produce large amounts of exopolysaccharide substances (EPS),
which serve to protect the microorganisms from external factors
that may threaten their life.

4. Maturation: attached bacterial cells grow and multiply to form
microcolonies, which in the course of further development leads
to the formation of a biofilm with a three-dimensional structure,
which may be single-species or multi-species; the biofilm devel-
ops as long as favourable conditions exist.

5. Dispersion: under unfavourable conditions, the biofilm is des-
troyed by the action of agents that destroy the cells or the
extracellular matrix they produce; these agents can be chemic-
als of abiotic orbiotic origin,including acids and enzymes. Under
favourable conditions, biofilm proliferation can occur through
the action of various mechanisms related to the movement of
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Fig. 2. Biofilm formation scheme
Source: own work based on [19].

Rys. 2. Schemat powstawania biofilmu
Zrédto: opracowanie wtasne na podstawie [19].

the fluid stream (liquid or gas); one of these is the dispersal of

progenitor cells in which gene expression is altered to allow

them to live in planktonic form and reproduce under these

conditions.

Differences in the species composition of the bacteria that make
up the biofilm, and the resulting differences in their metabolism
within the biofilms, may explain why corrosion rates can vary

Table 1. Bacteria, fungi and yeasts isolated from diesel fuels

Tabela 1. Bakterie, grzyby oraz drozdze wyizolowane z olejéw napedowych

Actinomycetes sp.
Aeromonas hydrophila
Alcaligenes spp.
Arthrobacter sp.

Bacillus cereus

Bacillus firmus

Bacillus sp.

Bacillus subtilis
Sulphate-reducing bacteria

Iron-oxidizing bacteria of the genus
Leptothrix

Iron-oxidizing bacteria of the genus
Siderocapsa

Cochliobolus lunatus
Desulfovibrio desulfuricans
Desulfovibrio sp.
Klebsiella sp.

Micrococcus spp.
Mpycobacterium sp.
Nocardia sp.

Phialophora sp.
Pseudomonas fluorescens
Pseudomonas aeruginosa
Pseudomonas oleovorans
Pseudomonas sp.
Sphaerotilus sp.

Sphingomonas paucimobilis

Bacteria Filamentous fungi and yeasts
Acinetobacter cerificans Alternaria alternata
Acinetobacter junii Alternaria sp.
Acinetobacter sp. Amorphoteca resinae

Aspergillus
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus usus
Aspergillus versicolor
Candida sp.

Candida guilliermondii
Candida lipolytica
Candida rugowa
Candida silvicola
Candida tropicalis
Cephalosporium sp.
Cladosporium sp.
Fusarium sp.
Humicola sp.
Paecilomyces spp.
Paecilomyces variotii
Penicillium citrinum
Penicillium sp.
Penicillium spinulosum
Rhodotorula glutinis
Rhodotorula sp.
Trichoderma viride

significantly under the same en-
vironmental conditions. It has been
observed that the corrosion rate of
carbon steel under the same condi-
tions can vary from 0.05 mm/year
to 3 mm/year depending on the
species composition of the microor-
ganisms in the biofilm [20].

Table 1 shows the bacterial, fun-
gal and yeast strains isolated from
diesel samples taken from both
the fuel and aqueous phases. Most
were able to use the hydrocarbon
components of the fuel directly as
a carbon source. Some of the strains
listed consume degradation prod-
ucts of fuels, additives or organic
compounds [21].

2.2. Medium
Biodiesel contains more dissolved oxygen than fossil diesel, which re-
duces its oxidative stability and increases the risk of fuel biodegrad-
ation [22]. Biodiesel is also more hygroscopic [23], causing its blends
with fossil diesel to absorb and retain more water by a factor of up to
20-30 [7]. Water in fuel is essential for the metabolism and growth of
microorganisms; it allows them to multiply, leading to fuel contamin-
ation. Water has a higher density than fuel and therefore accumulates
at the bottom of any storage tank. Microorganisms at the fuel-water
interface live in an aqueous environment with the fuel as an oxidisable
substrate and a source of dissolved oxygen [24], Fig. 1. Contamination
(e.g. accumulated biomass) is greatest at the fuel-water interface and
microbial metabolism depletes the oxygen in the water [25, 26]. Mi-
crobial growth and subsequent corrosion depends on the chemical
composition of the fuel and the amount of water present [26, 271.
Each bacterial group can affect the corrosion mechanism in a dif-
ferent way [28]. Selected examples are given in Table 2.

Table 2. Microorganisms and their mode of action causing metal corrosion
Tabela 2. Mikroorganizmy i ich sposéb dzialania powodujacy korozje metali

Examples of

. . Corrosion mechanism
microorganisms

Group of bacteria

Thiobacillus thiooxidans,
T. concretivorus

Sulphur or sulphide
oxidisers

sulphuric acid production

oxidation of Fe** to

3+ . . .
Fe™" ions involved in
the formation of iron
hydroxide bubbles on
the metal surface

Iron bacteria Gallionella

xidation of Mn”" to Mn**
(in MnO,)

Filamentous bacteria Sphaerotilus, Crenothrix,
Leptothrix, Clonothrix,

Pedomicrobium

Manganese bacteria Metalogenium, Leptothrix | cathodic depolarisation

Hydrogen-consuming
bacteria

Clostridium, Desulfovibrio | hydrogen ionisation

Hydrogen-producing Sulphate-reducing cathodic depolarisation

bacteria Clostridium

Thermophilic bacteria Desulfovibrio reduction of Fe** ions to
thermophilus soluble Fe* compounds

Biofilm-forming Pseudmonas sp. biofilm and sludge

bacteria formation

Source: [21, p. 171].
Zrodio: [21,s.171].

Source: [28, p. 2].
Zrédto: [28, 5. 2].
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Fig. 3. Illustration of localised corrosion formation caused by the development of a concentration
cell as a result of oxygen depletion under a biofilm

Photo 1. Corrosion pitting on internal surfaces of storage tanks

Fot. 1. Wzery korozyjne na powierzchniach wewnetrznych zbior-
nikéw magazynowych

Source: own work based on [16].

Rys. 3. Powstanie lokalnego wykorodowania spowodowanego utworzeniem ogniwa stezeniowego
w wyniku wyczerpania tlenu pod biofilmem

Zrédto: opracowanie whasne na podstawie [16].

2.3. Construction materials

According to the Regulation of the Minister of Economy of
21 November 2005, the material that comes into contact with
fuel should possess the necessary strength properties, chem-
ical and fire resistance, as well as electrical conductivity [29].
The most commonly used material for the construction of fuel
storage tanks is S235JR carbon steel, selected according to the
recommendations of PN EN 100025-1 [30]. In the case of fuel
transfer pipelines, these are made of L360NB steel based on the
recommendations of EN ISO 3183 [31].

3. Mechanisms of microbial corrosion

3.1. Classification of mechanisms

Microbial corrosion cannot be attributed to a single mechanism or
a single species of microorganism. A wide variety of microorgan-
isms are responsible for the corrosion of various metals, includ-
ing aerobic and anaerobic bacteria, algae, fungi, etc. A group of
sulphate-reducing bacteria (SRB) is considered to be particularly
important in the initiation and development of MIC [5, 32]. Enning
and Garrelfs [32] highlight two main theories on the mechanisms
of microbial corrosion involving SRB:

— MICelectrical mechanism (EMIC), in which SRBs cause direct oxid-
ation of iron, contributing to the corrosion of the metal (Fe) or
its alloys.

— MIC chemical mechanism (CMIC) in which the corrosion of Fe
or its alloys occurs as a result of a series of chemical reactions
under the influence of and involving the metabolic products of
specific SRBs.

3.2. Corrosion cells with different degrees of oxygenation

Biofilms of varying composition and thickness develop on all
surfaces in contact with the aqueous environment. Under these
conditions, corrosion of the metal is caused by the formation of
corrosion cells resulting from the different concentrations of oxy-
gen present at different locations on the metal surface. The effect
of different oxygen concentrations at different locations may be
due to active oxygen consumption by microorganisms in biofilms
that are unevenly distributed on the metal surface. It may also be
due to a passive mechanism where oxygen access to certain areas

is physically impeded. As the microorganisms grow on the metal
surface and the thickness of the biofilm layer increases, the penet-
ration of oxygen in the biofilm layer to the metal surface will be
low. An anode will form at the point of lower oxygen concentration
and localised metal loss (corrosion) will be observed at this point.
Photo 1 shows an example of the damage caused to the tank wall,
while Fig. 3 provides a schematic illustration of the corrosion mech-
anism. Where the biofilm is absent (or present but much thinner),
a cathode is formed due to greater access to oxygen according to
reaction (1). In contrast, where the biofilm has formed, there is less
oxygen access to the surface, therefore an anode is formed at such
location and localised corrosion of the steel occurs according to
equation (2) [16].

3.3. Creation of a corrosive environment through metabolic processes

This mechanism of microbial corrosion is closely related to the type
of microorganisms active in the biofilm and their metabolic reac-
tions. Most heterotrophic organisms, including bacteria and fungi,
secrete organic acids as metabolic products. This results in a locally
more corrosive environment. It has been observed that the effect of
organic acids is greater when they are trapped at the biofilm/metal
interface [2, 3,5, 7, 8].

3.4. Cell formation at the water/fuel interface

A corrosion cell forms on the side wall of the tank near the water/
fuel interface (Fig. 4). The part of the tank immersed in the water
area constitutes the anode while the part of the tank in contact with
the biodiesel represents the cathode. It was previously thought that
there was no ion flow between these areas, but it turns out that fun-
gal hyphae can act as an electrolytic key. It is this mechanism of cell
formation that takes place and results in the development of corro-
sion cavities in the tank wall near the water/fuel interface [33].

4. Microbiological corrosion - risks and implications

One of the effects of the processes discussed is the corrosion of
the internal surfaces of tanks, shown in Photo 3, observed during
chemical cleaning trials and monitoring of tank surface cleanliness
at petrol stations. The formation of corrosion cavities on the inter-
nal surfaces of tanks leads to economic losses resulting from the
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Fig. 4. Schematic illustration of the formation of a corrosion cell on a steel tank
wall near the fuel/water interface in the presence of microorganisms
Source: own work based on [33].

Rys. 4. Schemat powstawania ogniwa korozyjnego na stalowej $cianie zbiornika
w okolicy granicy faz paliwo/woda w obecnosci mikroorganizmoéw
Zrédto: opracowanie wtasne na podstawie [33].

interruption of product sales, tank shell welding, replacement of
protective surfaces and, in the worst case, entire tank replacement,
and environmental pollution.

Biocides, whose main ingredient is formaldehyde, are currently
used to control the growth of microorganisms in fuels. Its use is to
be banned by the European Union. Formaldehyde can no longer be
used in cosmetic products due to its carcinogenicity [34]. The use
of toxic biocides is gradually being reduced due to their negative
environmental impact. Therefore, their elimination may exacerbate
the effects caused by microorganisms.

Member States of the European Union are obliged to use the
specified minimum share of renewable energy in fuels
(Directive 2009/28/EC of the European Parliament and of the Coun-
cil of 23 April 2009 on the promotion of the use of energy from
renewable sources and, from 1 July 2021, Directive 2018/2001 of
the European Parliament and of the Council of 11 December 2018
on the promotion of the use of energy from renewable sources).
This will be achieved by blending biocomponents or renewable
fuels into conventional fuels at specified levels. The national pro-
gramme that incorporates these provisions in the transport sector
is the so-called National Indicative Target (NIT), introduced by the
provisions of the Law of 25 August 2006 on biocomponents and
liquid biofuels [35].

In order to meet the NIT, the share of renewable fuels will gradu-
ally increase. Regulations allow the Council of Ministers to analyse

Fig. 5. Increase in the share of biocomponents in diesel as a result of NIT regula-
tions, EU directive RED Il and the planned RED Il
Source: own work based on [37].

Rys. 5. Wzrost udziatu biokomponentéw w oleju napedowym z uwagi na regula-
cje NCW oraz dyrektywy UE: RED Il i planowang RED IlI
Zrédto: opracowanie whasne na podstawie [37].

Photo 2. Photograph of clogged fuel filter
Source: [38, p. 5.

Fot. 2. Przyktadowa fotografia zatkanych filtréw paliwa
Zrédto: [38, s. 5].

the implementation of the programme every two years and to re-
vise the target, taking into account biocomponent supply and price
relations on the market of biocomponents and liquid fuels [35, 36].
Introducing the provisions of the RED Il Directive, known as the Bio-
fuels Directive, and the RED Ill Directive (from 2025) concerning the
reduction of greenhouse gas emissions from fuel combustion, will
also increase the proportion of biocomponents in fuels (Fig. 5) [37].

These measures will result in an increased risk of microbial cor-
rosion of the entire fuel infrastructure, as well as electrochemical
corrosion due to increased water content in the fuel.

One of the effects of microbial growth in fuel is the clogging of
distributor filters (Photo 2) due to the transfer of microbial contam-
ination, resulting in fouling of subsequent points along the distri-
bution chain, including tanks at petrol stations.

Komariah et al. [39] showed that a filter which had contact with
biodiesel clogged faster than when in contact with diesel alone.
When dealing with filter problems in biodiesel and biodiesel
blends, the contribution of sterol glucosides has not gone un-
noticed. The surface of a filter that has come into contact with bio-
diesel gets covered to a greater extent with oil deposits in the form
of sludge. This indicates a high fatty acid content in the biodiesel
and the formation of compounds that can easily gel, which also
leads to filter clogging.

5. Good practices in combating microbial corrosion

Considering the aforementioned risks and implications, the follow-
ing good practices have been adopted [15]:
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1. Quality control of diesel fuel in accordance with PN-EN 590 [40]
and the Ordinance of the Minister of Economy dated 9 Octo-
ber 2009 [41] for stability, water content, and continuous fuel
improvement tests.

2. Draining tanks and monitoring water levels in tanks (the stand-ard
allows a maximum of 200 ppm for diesel fuel [40, 41] and 500 ppm
for biocomponents [42]).

3. Testing tanks at fuel terminals for microbiological contamination
in order to estimate the level of fouling in the bottom layers of
the tanks and take appropriate action.

4. Monitoring the quality of biocomponents according to
PN-EN 14214 [42], testing of every delivery, e.g. water content,
but also the content of sterol glucosides or acylglycerols; there
are also positive effects from working with suppliers and mon-
itoring trends in improving biocomponents.

5. Doping fuel with biocides and anti-corrosion additives to protect
the fuel in the logistics infrastructure and the infrastructure itself.

6. Chemical cleaning combined with mechanical cleaning: mech-
anical cleaning alone is not effective as it leaves behind spores,
whereas chemical cleaning removes them.

7. Development of new filters with a longer life (reducing the fre-
quency of filter changes) and with biocidal substances in the
fibres.

8. Surface modification — use of coatings with passive additives to
reduce the possibility of microbial colonisation (reduced adhesion
of microorganisms to tank walls and piping), which should reduce
microbial growth without the use of toxic biocides, and finding
ways to disrupt communication between microorganisms.

9. Developing detectors for rapid assessment of the total micro-
bial content of fuel; current culture methods take at least a week
to produce results. This will allow a more rapid response if “safe”
levels of microorganisms are exceeded in the fuel or in the bot-
tom layer of tanks.

6. Assumptions for monitoring microbiological contamination

The London Energy Institute has published an example of the re-
quired limits for microbiological contamination of fuels, including
diesel, for long-term storage in its guidelines for testing microbio-
logical contamination of fuels [43] (Table 3).

Table 3. Examples of microbiological contamination limits for diesel
Tabela 3. Przyktady limitéw skazenia mikrobiologicznego w wypadku oleju
napedowego

Material Stored 2-3 years For long-term storage: >3 years
[cfu/l] [cfu/l]
fungi and bacteria fungi and bacteria
yeast yeast
Diesel <10’ <10 <10 <50
Diesel near total <10* <5% 107 <10°
the water
phase

cfu - colony-forming units
Source: based on [43, p. 271.
Zrédto: na podstawie [43, s. 27].

According to the guidelines for diesel fuel intended to be stored
for up to 3 years, the limit for fungal contamination is 10° cfu/l
while for bacterial contamination it is 10” cfu/l. For fuel taken from
the point of contact with the water phase in the tank the limit for

total contamination (bacterial and fungal) is <10* cfu/l. No limits

are given in the London Energy Institute guidelines or other avail-

able literature for fuels intended for short term storage.
Our own experience suggests that the following steps should be
taken with particular care:

— regular monitoring of the water level and drainage of product
tanks, as water has a decisive influence on the dynamics of the
life of microorganisms;

— monitoring the quality of biocomponents in terms of microbio-
logical contamination, contacting and collaborating with sup-
pliers and striving to use new biocomponents (so-called second
generation biocomponents) with more favourable parameters in
order to meet the requirements of NIT, as well as the RED Il and
RED lll directives;

— monitoring the quality of produced and imported diesel fuel;

— monitoring the effectiveness of biocides — checking the dosage
to assess whether the fuel is adequately protected;

— monitoring the microbiological risk, especially in spring and
summer (differences in contamination levels depending on the
season have been noted).

7. Main lines of research

Based on an analysis of the literature in the field of microbial cor-
rosion [44-52] and our own experience, the following lines of re-
search are currently being pursued:

— protection of the inner walls of fuel tanks with coatings - ana-
lysis of the behaviour of coatings and their selection in terms of
durability of protection, exploiting the potential of self-polishing
coatings;

— use of UV radiation to reduce microorganisms in fuels;

— use of sensors to rapidly assess the amount of microorganisms in
the fuel, preferably with the possibility of continuous monitoring.
There are ways to improve the resistance of organic coatings

used to protect fuel tanks and other infrastructure components
from microbial attack through appropriate surface modifications
of the coatings. An example is the work of two research teams on
the use of graphene oxide in various compositions, the results of
which indicate its positive effect on increased corrosion resistance
and antimicrobial activity [44, 45]. Research is being carried out on
coatings that reduce the adhesion of microorganisms to the coat-
ing surface and increase its biocidal properties. Unmodified and
modified epoxy coatings have been studied in diesel containing
biocomponents and with different microorganisms. It was found
that each microorganism affected the coating differently.

Work is being carried out on the use of ultraviolet radiation which,
according to studies, reduces the presence of microorganisms in
diesel by more than 50%, especially in samples with high water con-
tent. Unfortunately, these effects are not long lasting, with a duration
of only up to ten days after the initial irradiation [46].

There is great hope for the development of rapid methods to
measure the microbial content of fuel, without having to wait
a week or so for the results of culture tests. Impedance measure-
ments, including those in the microwave range, are being used for
this purpose [47-51]. The presence of microorganisms is indicated
by a change in the impedance of the samples tested [50].

Attempts are being made to develop a network model to pre-
dict the dynamics of microbial corrosion in fuel systems. Taleb-
-Berrouanne et al. [52] analysed the interactions between a total of
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60 factors influencing the development of microbial corrosion and
20 microbiological parameters identified by screening methods.
The proposed model provides a means of capturing the complex
interdependencies and synergistic interactions of indicators used
to assess microbial corrosion risk. The model is currently being
tested and validated using real data.

8. Summary

1. Microbial corrosion in fuel tanks and transmission infrastructure
(pipelines) represents a serious challenge.

2. There s a lack of scientific research that can be directly applied to
reduce the adverse effects of microbial corrosion.

3. Research is needed to control the level of microbial contamina-
tion using environmentally friendly (non-toxic) methods.

4. There is a need to find methods, other than culture methods,
that can rapidly verify the level of microbial contamination in
various media and environments, including fuel tanks and fuel
transport infrastructure.
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