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Summary
The use of petroleum fractions by some microorganisms as a food source has been known for years. This property has
been used for the bioremediation of hydrocarbon polluted soils. Nevertheless, microbial growth in hydrocarbons has
become a serious problem for the oil industry since it has been observed inside fuel storage tanks. This causes problems
such as corrosion, filter plugging or blockage of pipes. Although this process is given in several oil fractions, it is more
frequent in crude oil, diesel fuel and kerosene. In the particular case of diesel fuel, both progressive reduction of
sulphur content and increasing amount of biodiesel have significantly improved the conditions for microbial growth.
This is a major concern for oil companies worldwide due to the lack of an ultimate solution. In the present work, the
research aimed to perform the biological characterization of the microbial contamination and, simultaneously, to assess
the effectiveness of different treatment strategies to reduce and prevent microbial growth inside diesel fuel storage
tanks is presented.

1 Introduction
The presence of microorganisms in storage tanks is
becoming a serious concern for the oil industry in the
last decades, since it causes problems such as corrosion, filter plugging or blockage of pipes [1]. Petroleum fractions can be used as carbon source by some
microorganisms. Hydrocarbons with 10 to 18 carbon
chains, like diesel fuel and kerosene, are more easily

metabolized. General conditions of oil storage tanks
such as pH or temperature are favourable for microbial
growth. In addition, the presence of some additives in
the product such as antiknock agents, corrosion inhibitors, lubricity modifiers, cetane number and cold flow
diesel fuel improvers, detergents, dispersants, metal
deactivators, antifoam or antioxidants for the elimination of free radicals, can be a nutrient source for microorganisms promoting microbial growth in the aque-

ous phase and sludge formation [2].
Diesel fuel storage tanks of petrol stations are mostly
underground. In this way, microorganisms can access
inside of the tanks through faulty seals or cracks or
during the filling operations and ventilation holes or
with the water used for washing [3].
The presence of water in diesel fuel storage tanks allows microbial develop within them. Only 1 % (v/v)
content of water is enough for microbial growth [4].
The regulations in the European Union allow maximum water content in diesel fuel of 200 mg/kg (EN
590 European Standard). In the case of biodiesel (neat
FAME), this limit is 500 mg/kg, according to EN
14214 European Standard. Possible reasons for water
presence in tanks are water content allowed by regulations, condensation of the air humidity entering inside
the tanks through the vents, faults during tank filling or
draining operations and water formation as the final
product of cellular respiration as a consequence of
microorganisms metabolic activity [2]. In addition, the
growth of microorganisms in the oil storage tanks is
also affected by factors such as the presence of oxygen
generating oxygenated compounds which are easily
metabolized by microorganisms [2]. Moreover, both
pH and temperature conditions of oil storage tanks are
two other factors that favour microbial proliferation
because the proper values are within the optimal range
of growth for many microbial species [4].
The problem of microbial growth inside the storage
tanks has increased in recent years as a result of the
new regulations applied to automotive diesel fuels.
Some of the specifications of the new EN 590 revisions
allow the addition of products derived from vegetable
oils such as biodiesel (FAME) [4] or reduce the sulphur content of diesel fuel, favouring the growth of
microorganisms. Although the presence of sulphate
reducing bacteria in oil storage tanks has been widely
described [5] there are more bacteria genera able to
growth in diesel fuel.
The best way to avoid microbial contamination inside
hydrocarbon storage tanks and their proliferation is
prevention. Maintaining internal cleaning, sealing
systems involved, the use of suitable coatings and
aqueous phase drainage are key factors. Thus, the incidence of this problem would be significantly reduced.
However, the development in practice of preventive
actions is difficult to maintain. It is not usual the emptying of the tank for an extensive cleaning (removal of
sludge and biofilms).
Different physicochemical treatments, such as ultraviolet radiation, sonication or the use of hydrogen peroxide and biocides can be alternatives to avoid and remove microbial contamination [6]. The ultraviolet
radiation causes photobiochemical reactions altering
the structure of the DNA of microorganisms. In a previous study [7], carried out with Escherichia coli, a
direct relation between radiation intensity and decrease
in microbial population was observed. However, a
concomitant increase in medium temperature was

achieved due to the UV radiation favouring, in turn,
the proliferation of microbial colonies which overshadow each other blocking the radiation and decreasing the effectiveness of disinfection [8]. Sonication is
used as an alternative for microbial disinfection. The
application of this technique generates air bubbles by
acoustic cavitation in the medium which release energy
when they collapse destroying the cellular structure of
the microorganisms. Moreover highly reactive radicals
are also formed at the same time contributing to cell
death [9]. The use of low frequency (typically 20
KHz), combined with a high intensity can produce
enough energy to destroy the microorganisms present
in the medium.
In this work we use both sonication and the addition of
hydrogen peroxide and biocides to compare their effect
on the control of microbial growth in diesel fuel from
different storage tanks of petrol stations in Spain. Hydrogen peroxide and biocides are chemical compounds
with a high disinfecting power. They are lethal components for microbes due to the formation of free radicals
and toxic compounds affecting microorganisms vital
functions and also causing damage to the DNA structure. In treatments with biocides, factors such as toxicity, solubility in water and diesel and their compatibility
with fuel and its additives are important in order to
select them to avoid the microbial growth inside the
tanks [10].
2 Experimental
2.1 Reagents
Reagents and solvents for physicochemical analyses
(pH, conductivity, chloride and nutrients concentration,
organic and inorganic carbon and metals) were purchased from Panreac (Barcelona, Spain). Luria-Bertani
culture medium (LB), Phosphate Buffer Saline (PBS)
and other reagent for biological characterization such
as formamide and bis-acrilamide were purchased from
Sigma-Aldrich (Steinheim, Germany).
2.2 Sample Preparation
Samples from diesel fuel storage tanks were obtained
from different petrol stations in Spain. Samples showed
both a sludge-water phase and a diesel (organic) phase.
They were centrifuged to allow phase separation. Physicochemical and biological analyses were performed in
the water phase since most of the microorganisms were
located in this phase.
2.3 Experimental Treatments
Application time, volumetric power and number of applications were the factors selected to study the efficiency of ultrasonic treatment. A Misonix sonicator 3000
equipment was used with a 13 cm diameter titanium
probe and a working frequency of 20 kHz. The probe

was submerged in a container with the contaminated
samples [11].
In treatments with hydrogen peroxide and organic
compounds used as biocide agents, the effect of concentration and time were studied. Ten different biocides with different functional groups (isothiazolone,
oxazolidine, thiocyanate, morpholine and thiocarbamate) were used in order to study their effect on microbial growth in the diesel fuel samples.
2.4 Biological and Molecular Characterization
In order to estimate the effectiveness of the treatments,
the number of microorganisms growing in water and
diesel phases of the samples, before and after applying
the treatments, was estimated by a miniaturized most
probably number technique (MPN) in 96-well microtiter plates with eight replicates per dilution. Total
heterotrophic microbial population was estimated in
180 μL of LB medium supplemented with glucose (15
g·L-1) and 20 µl of the sample. Previously, a battery of
dilutions was prepared from a mixture of the sample
and PBS. Finally, the number of microorganisms present in each sample was estimated by the MPN calculator program, taking into account the initial dilution
concentration, the number of replicates per dilution and
the number of dilutions. In addition, cultivable bacteria
and fungi contamination level were determined using
Desinfectest Mix dipslides (Microkit Laboratories.
Madrid, Spain).
Total bacterial community present in the aqueous
phase of the samples was characterized by a nonculture-dependent molecular technique, i.e. denaturing
gradient gel electrophoresis (DGGE). DGGE was performed from total DNA extracted from 6 ml of the
water phase using a Microbial DNA Isolation Kit
(MoBio Laboratories. Solano Beach, CA, USA) and
amplified using the primers set 16S 338F-GC and 16S
518R, according to ExTaq HS DNA polymerase protocol (Promega Corp. Madison, WI, USA). Primers 338GC included a GC clamp at the 5´end (5-CGC
CCG´CCGCGC CCC GCG CCC GTC CCG CCG
CCC CCG CCC G-30). DGGE conditions were as
described by Molina et al. [12] and González et al.
[13]. Some DGGE bands were cloned and molecularly
identified according to Simarro et al. [14]. DGGEs
were performed to analyze total bacterial community of
all samples and change in bacterial communities after
treatment.
3 Results and Discussion
3.1 Physicochemical Properties
Conductivity, pH, presence of different anions and
elements were determined and inorganic and organic
carbon in the samples were calculated. Physicochemical characterization was previously determined in order
to study the in-situ conditions for microbial growth

inside storage tanks. In addition, most probable number
(MPN) was determined to quantify the presence of
microorganisms.
As shown in Table 1, conductivity and pH values were
similar for most samples. The highest conductivity
found for sample 23 was in agreement with the amount
of anions, being especially notable Cl and NO2 . All
these parameters depended on the different environmental conditions of the diesel fuel storage tanks. In
this way the samples showed no comparable amounts
of some metals such as silicon and calcium. The different values determined depended on soil conditions
where diesel fuel storage tanks were located. Moreover, total carbon concentration in all samples was within the range of 8000-19000 mg/L. Organic carbon
determined in aqueous samples is due to the solubility
of diesel fuel in water. Additives and in some cases
part of the biodiesel (FAME) present in the tanks enhance diesel solubility [15]. This carbon is the growth
source for microorganisms in the aqueous phase forming sludge and generating more organic and inorganic
carbon as a result of their metabolic activity.
Table 1. Physicochemical properties of five diesel fuel
samples.

3.2 Sonication Treatment
Application time, volumetric power and number of
applications were the variables selected to assess the
sonication treatment where a 20 kHz probe and a nominal power of 100 W were used. A series of experiments were undertaken to sonicate the contaminated
samples, with exposition times and number of applications ranging from 1-10 min and 1-3, respectively
(Table 2). Fig. 1 shows MPN variation during 1, 15
and 45 days in the seven sonication experiments developed. The number of microorganisms (measured as
MPN) at the end of each sonication treatment was the
same as that of the control in most treatments except
for the experiment 4 performed in the following conditions: maximum sonication power, 2 applications for 5
min each. These results are consistent with ultrasound
treatments applied in bacterial suspensions [16, 17].
Nevertheless, the above results showed that scaling-up
the process to treat contaminated diesel fuel storage

tanks in petrol stations (usually ranging from 20 to 50
m3) is not sustainable due to the high energy required.
Table 2. Sonication tests.

On the other hand, no reduction in the number of microorganisms along time was found when biocides
soluble in both phases were used. Only in the case of
biocide with oxiborinane (B7) as functional group, a
complete reduction of MPN in samples after 45 days
was achieved.

Fig. 1. Influence of sonication on the evolution of
MPN of sample 18.
3.3 Biocide Treatments
Presence of microorganisms in the samples in both
phases was determined by using dipslides (Fig. 2) and
MPN measurements.
As it is shown, the abundance of microorganisms in the
aqueous phase (Fig. 2A) was significantly higher than
that in the diesel fuel phase (Fig. 2B). In addition,
initial number of microorganisms in the aqueous phase
of the samples was within the range 103 to 107 cell/mL.
Hydrogen peroxide and organic biocides with different
functional groups were used as chemical agents to
control the microbial growth and assess their disinfection effectiveness. Biocides with oxazolidine, thiocyanate and thiocarbamate groups are soluble in water and
biocides with isothiazolone, morpholine and oxiborinane groups are partitioned between diesel fuel and
water phases.
In general, water-soluble biocides showed a higher
reduction of microorganisms, compared to H2O2 and
biocides soluble in both phases, where no reduction
was found in most cases. 80% of MPN reduction was
observed after 15 days when biocides with oxazolidine
(B2, B4 and B8) and thiocarbamate (B9) groups were
used, reaching total disinfection after 45 days (Fig. 3).

Fig. 2. Dipslides of aqueous (A) and diesel fuel (B)
phases in three samples before treatment.

Fig. 3. Evolution of MPN at 1, 15 and 45 days in sample 18 after treatment with different biocides.
Two effective water soluble biocides with oxazolidine
(B2) and thiocarbamate (B9) groups were selected in
order to study the microbial growth in another sample.
After 45 days of treatment, biocide with oxazolidine
group produced greater disinfection in water phase

than biocide with thiocarbamate group since lower
MPN values were obtained (Fig. 4).

tial communities of the samples did not show similar
patterns, after 45 days from treatment, the communities
were remarkably similar in both cases.

Fig. 4. Evolution of MPN with biocides 2 y 9 in the
aqueous phase.
Analysis of the bacterial community composition by
DGGE did not show a similar pattern between samples
(Fig. 5). Although most of the samples showed high
diversity in the number and intensity of the bands,
some samples showed almost no visualized bands.
Molecular identification of the DGGE bands provided
rybotipes of degrading uncultured bacteria belonged to
five different phyla: Bacteroidetes, Spirochaete, Firmicutes, Proteobacteria and Thermotogae.
Fig. 6. Denaturing gradient gel electrophoresis
(DGGE) of PCR-amplified 16S rDNA gene fragments
from the samples (2, 8, 9, 11 and 17) after 45 days of
treatments with biocides with oxazolidine group. Lane
(A) shows molecular weight markers.

Fig. 5. Denaturing gradient gel electrophoresis
(DGGE) of PCR-amplified 16S rDNA gene fragments
corresponding to samples from different petrol stations
(lanes numbered 1 to 17). The left lane shows molecular weight markers.
Changes in bacterial community in samples treated
with biocides with oxazolidine group and with thiocarbamate group after 45 days of the application are
shown in Figs. 6 and 7, respectively. In both cases,
bacterial community was significantly reduced and the
band pattern changed, resulting in a new pattern of
community with lower number of species and lower
number of individuals thereof, i.e., less biodiversity. In
addition, it is important to highlight that although ini-

Fig. 7. Denaturing gradient gel electrophoresis
(DGGE) of PCR-amplified 16S rDNA gene fragments
from the samples (2, 8, 9, 11 and 17) after 45 days of

treatments with biocides with thiocarbamate group.
Lane (B) shows molecular weight markers.
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