Bacterial contamination of automotive fuels in a tropical region:
the case of Costa Rica
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Abstract: Microbial contamination of fuel has been the cause of several problems in transportation and storage
of these products. Due to the lack of previous studies related to these problems in Costa Rica, bacterial qual-
ity was evaluated biannually in automotive fuels stored in the four oil distribution facilities of the Costa Rican
Petroleum Refinery (RECOPE). In 12 oil storage tanks, for a total of 96 samples, mesophilic, heterotrophic
aerobic/facultative counts (ASTM D6974-04) and identification of bacteria presented in regular gas, premium
gas and diesel from the bottom and superior part of the tanks were done; in the samples containing an aqueous
phase, sulfate reducing bacteria (SRB) were also quantified by the most probable number technique (MPN),
according to the ASTM D4412-84 standard. The higher contamination was shown at the bottom of the tanks
(populations up to 10* UFC/1), especially if there was accumulated water, in which case populations reached
108 UFC/L. The most contaminated fuel was diesel (counts up to 10* UFC/1), whereas the less contaminated was
premium gas. The less contaminated fuels were from the facilities of La Garita and Barranca, whereas the most
contaminated were from Ochomogo. Nevertheless, the quantified populations did not cause significant alteration
in quality physicochemical parameters in the samples analyzed. A total of 149 bacterial strains were isolated, 136
(91.3%) Gram positive and 13 (8.7%) Gram negative. The most frequent genera were Staphylococcus (24.0%),
Micrococcus (21.9%), Bacillus (18.8%) and Kocuria (11.5%) among Gram positive bacteria and Pseudomonas
(7.3%) among Gram negative bacteria. The majority of these genera have been found as fuel contaminants or
even as degraders of this kind of products; nevertheless, some species for which their appearance or growth in
hydrocarbons have not been described were found with low frequencies. SRB were present in counts up to 10°
MPN/11in 42.9% of water containing samples (including all from diesel tanks), indicating biocorrosion processes
risk in fuel transport and storage systems. From the findings in this study it is recommended to give a frequent
maintenance to fuel containers, based on continuous drainage and removal of accumulated water, antimicrobial
agent addition and microbial quality monitoring in country’s fuels. Rev. Biol. Trop. 57 (3): 489-504. Epub 2009
September 30.
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Microbial contamination of fuel has been
the cause of operational problems for many
years, nevertheless, its frequency has increased
recently, due to many factors such as changes in
fuel quality, increasing use of additives which
may provide nutrients to microorganisms, and

alteration in housekeeping and storage prac-
tices (Pitcher 1989).

Microorganisms may be introduced in fuel
containers through different ways: during con-
densation processes in refineries or transported
along with dust and water through tank vents
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(Yemashova et al. 2007). Once inside the tanks,
some organisms may adhere to wall surface,
whereas others settle to the fuel/water inter-
face, usually present at the bottom of the tanks,
place with higher microbial activity and where
most biodegradation may occur (Yemashova et
al. 2007). However, it is often impractical to
obtain samples from these locations within fuel
systems (Gaylarde et al. 1999). Although the
numbers of viable bacteria and fungi recovered
from fuel-phase samples are several orders of
magnitude smaller than those found in water-
phase samples, fuel-phase microorganisms are
often the most readily available indicators to
evaluate microbial contamination in this kind
of products (Yemashova et al. 2007).

The presence of microorganisms in fuel
storage systems causes an increase in water
content due to potential microbial degradation
of hydrocarbons, and their metabolic activity
leads to peroxide and acid formation, increase
in viscosity, decrease in thermal stability and
volatility, as well as increase in suspended solids
in the form of sludge and corrosion residues,
among others, that may lead to filtration prob-
lems, equipment deterioration and a general loss
in fuel quality (Kartavtseva et al. 1989, Gaylarde
et al. 1999, Yemashova et al. 2007).

Crude oil and its by-products contain
nutritive compounds, therefore they represent
a favorable environment for microbial growth,
which may cause not only hydrocarbon con-
sumption but a detriment in physicochemical
and operational properties of products, leading
to economic loss and even accidents due to
filter saturation and pipeline and equipment
corrosion (Gaylarde ef al. 1999, Yemashova et
al. 2007).

Both, aerobic and anaerobic bacteria, tend
to colonize fuel storage and transport equip-
ments. Many species of bacteria, fungi and
yeasts have been isolated from fuel, although
not all of them are able to grow in hydrocar-
bons. Among bacteria able to grow in fuel,
genera such as Acinetobacter, Alcaligenes,
Bacillus, Pseudomonas, Flavobacterium,
Aeromonas, Achromobacter, Arthrobacter,
Nocardia, Rhodococcus and Micrococcus have

been reported (Gaylarde et al. 1999, Emtiazi
et al. 2005, Yemashova et al. 2007, Neilson
& Allard 2008). To grow in this environment,
microorganisms require the capacity to meta-
bolically transform hydrocarbons in order to
employ them as carbon and energy source.
Several studies have described biodegrada-
tion mechanisms of different hydrocarbons
(Yemashova et al. 2007, Neilson & Allard
2008); in the case of alkanes in aerobic con-
ditions, the mechanism involves a terminal
hydroxylation followed by dehydrogenations,
until forming the respective alcohols, alde-
hydes and carboxylic acids, or alternatively, a
subterminal hydroxylation followed by oxida-
tion to ketones (Neilson & Allard 2008).

Sulfate reducing bacteria (SRB) are found
among anaerobic organisms associated to
stored fuels; they include a diverse group of
microorganisms able to perform disassimila-
tory reduction of sulfur compounds such as
sulfate, sulfite, thiosulfate, or elemental sulfur,
to produce sulfide (Beech & Gaylarde 1999);
even though they are anaerobic, some genera
are able to tolerate low oxygen concentra-
tions (Abdollahi & Wimpenny 1990). Oil and
naval industry have been seriously affected by
sulfides produced by SRB, since these com-
pounds are implicated, in many ways, in health
and environmental problems, but mainly in
economical losses due to equipment corrosion
(Hamilton 1985, Jack et al. 1992, Beech &
Gaylarde 1999).

Three kinds of fuel are mainly used in
automotive industry in Costa Rica: regular gas,
premium gas and diesel; they are stored basi-
cally in four oil distribution facilities spread
around the country, belonging all of them to the
same company, but with different climate and
atmospheric conditions, which may lead to dif-
ferences in the microbial contamination level
of the fuels. Since no studies have been yet
performed, this work aims to make a bacterio-
logical evaluation of automotive stored fuels in
Costa Rica, in order to determine their micro-
biological quality, the populations involved and
to establish some recommendations to diminish
their contamination.
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MATERIALS AND METHODS

Sampling sites: The fuel storage tanks of
the four oil distribution facilities of the Costa
Rican Petroleum Refinery (RECOPE, located
in La Garita 9°59°07 N, 84°20°17 W; Alto
de Ochomogo 9°53°47 N, 83°56°45 W; Moin
9°59°55 N, 83°04°35 W and Barranca 9°59°41
N, 84°43°26 W), were sampled according to
the norms established by the American Society
for Testing and Materials (ASTM). Samples
were taken by using Sample Thief (Bacon
Bomb) containers (model K27790, Koehler);
two ropes were adapted to a sterilized container
immediately before sampling, one to act as a
holder and the other to activate the opening
mechanism. The closed sampler was intro-
duced into the oil tank until completely covered
by the fuel and then opened by pulling the rope;
when it was filled the rope was released to close
the container, and taken out of the tank; the fuel
was aseptically transferred to one liter bottles
and labeled as “top”. The container was washed
three times with 80% ethanol, submerged again
into the tank and left to reach the bottom,
where a plunger automatically opens to admit
the sample; the plunger closes again when the
container is withdrawn, forming a tight seal;
these samples were labeled as “bottom”. A dif-
ferent container was employed for each tank
sampled. A semiannual sampling was made in
each facility during the years 2006 and 2007; in
each one, samples from regular gas tank (Bio
Plus Gas), premium gas and diesel were taken
from the upper as well as the bottom part of the
container. The bottom part samples of the tanks
often included an easily appreciated aqueous
phase, which was separated and analyzed inde-
pendently. In total, 96 samples were taken, 32
of each type of fuel, which correspond to 24
from each oil distribution facility. Additional
sampling points were the oil dispenser valves,
located approximately 0.75 m above ground
level; two samples of these valves from each
storage tank were taken (24 samples in total).

Physicochemical parameters: A physi-
cochemical parameter determination used for

quality control in Costa Rican fuels was made
to each sample: distillation (ASTM D-86),
Reid vapor pressure (ASTM D-323), sulfur
content (ASTM D-4294), copper corrosion
(ASTM D-130), gums content (ASTM D-381),
lead content (ASTM D-3237), octane index
and number IR correlation, color, water content
(ASTM D-4176), density (ASTM D-1298),
oxygenated content (ASTM D-5845), benzene
content (ASTM D-6277) aromatic content (cor-
related to ASTM D-1319) and olefins con-
tent (correlated to ASTM D-1319) for regular
gas and premium gas; distillation (ASTM
D-86), cinematic viscosity (ASTM D-445),
sulfur content (ASTM D-4294), combustion
point (ASTM D-93), Conradson carbon resi-
due (ASTM D-524), nitrogen content (ASTM
D-3228), ashes content (ASTM D-482), color
(ASTM D-1500), sediment and water content
(ASTM D-1796), density (ASTM D-1298),
total aromatic content (correlated ASTM
D-1319), polinuclear aromatic content (cor-
related to ASTM D-1319) and cetane index
(ASTM D-4737 and D-976) for diesel.

Mesophilic heterotrophic aerobic/facul-
tative bacterial quantification: Enumeration
of bacteria of each fuel, was performed follow-
ing the methodology described by the ASTM
D6974-04 standard (ASTM 2004). Briefly,
three different fuel aliquots (200 ml, 20 ml
and 2 ml) were filtered in sterile nitrocellulose
filters (0.45 wm). Each filter was washed by
filtration with 10 ml of Tween 80 on 0.1% V/V
and three aliquots of 10 ml Ringer solution;
the filters were placed on Tripticase Soy Agar
(TSA) plates and incubated at 25°C for 72
hours, for their posterior count. The samples
from the aqueous phase taken from the bottom
of the tanks were separated and then bacteria
populations were quantified by the plate count
methodology using TSA. Only 14 of the
samples presented this aqueous phase.

Bacterial strain identification: The dif-
ferent colonial morphotypes of bacteria from
TSA plates were purified to new TSA plates.
Preliminary identification tests such as Gram

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 57 (3): 489-504, September 2009 491



stain, catalase, oxidase and acid production
from glucose were performed. Based on these
results, the appropriate miniaturized biochem-
ical-test gallery for identification was chosen;
the systems API 20NE®, API STAPH®, Biolog
GN2® and Biolog GP2® were employed. All
the galleries were incubated and interpreted
according to manufacture’s recommendations
(bioM¢érieux, Biolog). All the strains were then
stored at -86°C in Eppendorf tubes contain-
ing Brain and Heart Infusion Broth (BHIB)
supplemented with 20% glycerol and at present
they are stored in the strain collection of the
Laboratorio de Investigacion en Bacteriologia
Anaerobia of Universidad de Costa Rica (N°
LIBA 2269-2418). The frequency of each bac-
teria species was calculated with the equation
F=(Ta/TA)-100, where Ta is the sample number
in which the taxon was found and TA the total
number of samples. According to this equation,
the species frequencies were classified as: <
10% = rare, 10 < 25% = low, 25 < 35% = fre-
quent 35 < 50% = abundant and > 50% = very
abundant (Azedo Loueriro et al. 2005).

SRB quantification: The quantification
of SRB was performed to the aqueous phase
presented in 14 samples from the bottom of
the tanks, according to the most probable num-
ber (MPN) technique indicated in the ASTM
D4412-84 standard (ASTM 1984). Briefly: 10
ml aliquots of the water sample were placed
in a series of five tubes containing 10 ml of
Starkey 2X medium and 1 ml aliquots in a
series of five tubes containing 9 ml of Starkey
1X medium. Additionally, serial decimal dilu-
tions (10-'-10-%) were prepared with the sample,
and 1 ml aliquots of each dilution were placed
in series of five tubes containing Starkey
1X medium. After inoculation, each tube was
sealed employing 3 ml sterile VASPAR in
order to create anaerobic conditions and all the
tubes were incubated at 25°C for 21 days; a
positive reaction was determined by the forma-
tion of a black precipitated compound which
corresponds to iron sulfide. Quantification was
accomplished by comparing the number of
positive tubes of each series to MPN tables.

Statistical analyses: The bacterial con-
tamination levels at the top and the bottom of
the tanks were compared by a t-test analysis
for paired samples employing the logarithms
of the counts from the pooled data of the three
kinds of fuel; a similar analysis was performed
to compare the contamination in the aqueous
and organic phases from the bottom of the
tanks. The differences among bacterial counts
from each kind of fuel were compared by an
ANOVA test employing the logarithms of the
pooled data; similarly, contamination levels in
the four oil distribution facilities were com-
pared. All analyses were performed with the
statistical software SPSS version 16.0.

RESULTS

Physicochemical parameters: All the
fuel samples showed physicochemical param-
eters values considered as acceptable according
to national standards, with the exception of four
premium gas samples, that presented octane
numbers below the permitted limit, and five
diesel samples, which sulfur content surpassed
the upper limit. Nevertheless, those variations
in octane number and sulfur content were small
if compared to the standard. Permitted values
for each parameter as well as the range of
obtained values are shown in tables 1 and 2.

Mesophilic heterotrophic aerobic/fac-
ultative bacterial quantification: The results
corresponding to the quantification of meso-
philic heterotrophic aerobic/facultative bacte-
ria, for the different fuels and the four RECOPE
oil distribution facilities are shown in table 3.
The higher bacterial contamination was pres-
ent in the fuel from the bottom of the tanks, if
compared to the samples from the top (t=3.320,
p<0.005). Nevertheless, the counts from the
aqueous phase accumulated in tanks were even
higher (t=6.160, p<0.05, table 4).

Although the difference between the three
kinds of fuel was not significant (p=0.258),
diesel showed the higher degree of microbial
contamination, since 13 (40.6%) out of the 32
samples presented counts that were equal or
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TABLE 1
Physicochemical parameters of regular and premium gas stored in four oil distribution facilities of RECOPE, Costa Rica

Parameter

Permitted values (National normative)

Value range

Regular gas Premium gas
Distillation, initial temperature, °C 31.1-38.3 31.4-37.0
Distillation temperature at 10%, °C 51.0-60.6 50.5-59.7
Distillation, temperature at 50%, °C 77-140 94.2-112.3 82.4-115.1
Distillation, temperature at 90%, °C 149.5-173.2 144.9-178.6
Distillation, final point temperature, °C 182.9-213.0 178.2-215.2
Distillation residue, % 0.4-1.0 0.6-1.0
Reid vapor pressure at 37.8°C 49.5-67.6 51.0-68.7
Sulfur content, % m/V 0.027-0.081 0.020-0.085
Copper corrosion Standard 1 max 1A 1A
Gum content, mg/100 ml <1 <1
Lead content, g/l 0.013 0.00023 0.00023
Octane index >83 (regular) >89.0 (premium) 84.6-89.0 89.0-90.6
Octane number >88 (regular) >95.0 (premium) 89.0-95.0 94.0-96.5
Color Orange (regular) Red (premium) Orange Red-reddish
Water, % None Not detected?® Not detected?®
Density at 15°C, kg/m? 733-751 733-756
Oxygenated content, % <2 (regular) LP. (premium) 0.00-3.01 0.85-2.61
Benzene content, % 0.94-1.19 0.70-1.83
Aromatic content, % 20.6-29.2 23.4-31.5
Olefins content, % 15.5-23.2 15.5-26-6

a.  Aqueous phase present in some samples of the bottom of the containers was not considered.

I.P.: Inexistent parameter.

over 10> CFU/1, whereas this results were pre-
sented in only ten (31.3%) samples of regular
gas and eight (25%) of premium gas. Likewise,
the lowest bacterial levels were obtained for
premium gas, since 24 (75%) out of 32 samples
presented counts of 10! CFU/1 or less, situation
showed only in 22 (68.7%) samples of regular
gas and 19 (59.4%) of diesel (table 3).

Six out of 14 residual water samples
presented counts over 10° CFU/I. Similarly, a
higher contamination of diesel was shown in
these samples, since five out of the six most
contaminated corresponded to all diesel tanks.

Respect to microbial quality by oil distri-
bution facilities, the bacterial counts were not
significantly different (p=0.124); however, the
tendency showed that the “cleaner” fuels came
from the facility of La Garita, where seven

(29.2%) out of 24 samples presented nega-
tive counts (<5 CFU/I) and only five (20.8%)
equal or over 10> CFU/L. On the other hand
the facility with the highest contamination was
Ochomogo, where 12 (50%) samples presented
counts over 10> CFU/l, whereas only four
(16.7%) showed negative counts; slightly less
contaminated was the facility of Moin (33.3%
counts > 10> CFU/I, 20.8% negative counts,
table 3). Similarly, the facility of Ochomogo
presented the majority of water containing
samples (10/12=83.3% of the samples from
this facility; 10/14=71.4% of the water con-
taining samples, table 4). The same trends
related to the most contaminated fuel (diesel)
and facility (Ochomogo) were presented in the
samples taken from the dispenser valves of the
storage tanks (data not shown).
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TABLE 2
Physicochemical parameters of diesel stored in four oil distribution facilities of RECOPE, Costa Rica.

Parameter
Distillation, initial temperature, °C
Distillation temperature at 10%, °C
Distillation, temperature at 50%, °C
Distillation, temperature at 90%, °C
Distillation, final point temperature, °C
Distillation residue, %
Cinematic viscosity at 40°C, cSt
Sulfur content, % m/V
Inflammation point, °C
Conradson carbon residue, %
Nitrogen content, % m/m
Ashes content, %
Color
Water and sediment content, % V/V
Density at 15°C, kg/m?
Total aromatic content, % m/m
Polinuclear aromatic content, % m/m
Cetane Index, ASTM D-976
Cetane Index, ASTM D-4737

Permitted values (National normative) Value range
LP. 170.9-196.9
LP. 212.9-233.2
LP. 277.2-290.6

<360 329.8-349.3
LP. 359.4-375.0
<2 1.1-1.4
1-9-5.3 2.97-3.42
0.35 0.16-0.46
>52 62.3-80.5
<0.2 0.0011-0.0031
LP. 0.03-0.35
<0.01 0.001-0.003
Standard 3 1.0-2.0
<0.05 <0.05%
LP. 852-866
LP. 20.8-26.1
LP. 3.9-7.1
>45 46.4-49.1
>45 45.0-48.6

2 Aqueous phase present in some samples of the bottom of the containers was not considered.

L.P.: Inexistent parameter.

Bacteria identification: A total of 149
bacterial strains were isolated from 96 fuel
samples, which corresponds to an average of
1.6 strains per sample; 136 (91.3%) corre-
sponded to Gram positive microorganisms of
different morphologies (cocci, rods, coccoba-
cilli), whereas 13 (8.7%) corresponded to Gram
negative bacilli.

Among Gram positive bacteria (table 5)
the most frequent genera were Staphylococcus
(32 strains), Micrococcus (26 strains) and
Bacillus (28 strains), isolated from 24.0%,
21.9% and 18.8% of the samples; these genera
were considered of low frequency (10 < 25%),
but close to the value that would consider them
as “frequent” (25 < 35%, Azedo Loureiro et al.
2005). Ten different species of Staphylococcus
were found, S. haemolyticus (six strains) being
the most frequent, whereas seven species were
found of the genus Bacillus, B. cereus/thur-
ingiensis and B. megaterium being the most

frequent (four strains each). On the other
hand, Micrococcus was identified to genus
level. Less frequent genera included Kocuria
(11 strains), Rhodococcus (six strains) and
Corynebacterium (six strains), isolated from
11.5%, 6.3% and 5.2% of the samples, respec-
tively. Fifteen additional genera were isolated
with frequencies lower than 3% (table 5).

Among Gram negative bacilli, the most
frequent genus was Pseudomonas (eight strains),
isolated from 7.3% of the samples, and included
the species P. pseudoalcaligenes, P. fluorescens
and P. aeruginosa, the two latter being the most
frequent (3.1% each). The remaining strains
belonged to the species Brevundimonas vesicu-
laris, Burkholderia cepacia, Comamonas acido-
vorans, Flavimonas oryzihabitans and Moraxella
sp., all of them with isolation frequency of 1%.

A total of six strains (4.0%) could not be
identified with the methodology employed in
this study.
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TABLE 3
Mesophilic heterotrophic aerobic/facultative bacterial counts in fuels from storage tanks (CFU/I).*

Oil distribution facility Sample type

Ochomogo Regular, top
Regular, bottom
Premium, top
Premium, bottom
Diesel, top
Diesel, bottom
La Garita Regular, top
Regular, bottom
Premium, top
Premium, bottom
Diesel, top
Diesel, bottom
Barranca Regular, top
Regular, bottom
Premium, top
Premium, bottom
Diesel, top
Diesel, bottom

Moin Regular, top
Regular, bottom
Premium, top
Premium, bottom
Diesel, top
Diesel, bottom

Sampling®
1-2006 11-2006 1-2007 11-2007

5.0 X 10° 1.3 X 10! 1.5 X 10! 2.5X 102
1.0 X 10! 93X 103 5.0 X 102 1.8 X 102
3.0 X 10! <5 <5 5.5X 10!
1.1 X102 2.8 X 10! 1.0 X 10? <5
1.9 X 102 2.5X 10! <5 5.0 X 102
3.0 X 102 14X 103 3.0 X 10? 2.8 X 10*
1.6 X 10! 1.1 X 10! 5.0X 10! 1.1 X 10!
1.9 X 102 2.5X 10! 2.7X 10! 5.5X 10!

<5 <5 <5 5.0 X 10°
9.3X 10! 1.1 X 10? <5 <5
5.0 X 10! <5 <5 6.0 X 10?
6.5 X 102 5.0 X 10! 2.5X 10! 6.0 X 10?
3.5X 102 <5 <5 5.0 X 100

<5 <5 5 8.7 X 10!
6.8 X 102 2.5X 10! 2.5X 10! 2.0X 10!
6.3 X 102 1.2 X102 2.5X 10! 5.0 X 10°
3.0 X 102 <5 5.0 X 10! <5

<5 <5 1.0 X 10! 6.0 X 102
25X 10! <5 2.2 X 10? 1.5 X 10?
5.5 X102 5.0 X 10! 1.5X 10! 1.9 X 10?

<5 2.7X 10! 1.0X 10! 5.0 X 10°
2.5 X 10? 5.0 X 10! 2.0 X 10? 1.0 X 10!

<5 3.0X 10! <5 1.0 X 10%
2.8 X 102 <5 1.5X 10! 1.0 X 10!

2 Significant differences between counts from top and bottom of the tanks (t=3.320, p<0.05); not significant between the
three kinds of fuel (p=0.258) or between the oil distribution facilities (p=0.124).
b1, first semester and I, second semester sampling of the respective year.

SRB quantification: SRB have been
detected only in aqueous phase (Bento &
Gaylarde 1996), therefore just 14 samples were
appropriated for their quantification, employ-
ing the water layer accumulated at the bottom
of the tanks: five of diesel, five of regular gas
and four of premium gas. Six samples (42.9%)
presented detectable counts, which included
the five samples from diesel tanks, all of them
with counts over 103> MPN/I (table 4).

DISCUSSION

Mesophilic heterotrophic aerobic/facul-
tative bacterial quantification and physico-
chemical parameters: This work is the first
bacteriological survey on fuels in Costa Rica,
as a first contribution for the establishment
of microbiological standards relative to the
quality of the gasoline distributed around the
country, and the knowledge of the range and
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TABLE 4
Mesophilic heterotrophic aerobic/facultative bacterial counts and SRB enumeration in aqueous
samples from fuel storage tanks

Oil distribution facility Water phase origin

Ochomogo (I-06)a Diesel
Ochomogo (I-06) Regular
Ochomogo (I-06) Premium
Ochomogo (I1-06) Diesel
Ochomogo (I1I-06) Regular
Moin (11-06) Regular
Moin (I1-06) Premium
Ochomogo (I-07) Diesel
Ochomogo (I-07) Regular
Ochomogo (I-07) Premium
Ochomogo (II-07) Regular
Ochomogo (I1-07) Diesel
Barranca (II-07) Diesel
Moin (II-07) Premium

Bacteria counts (UFC/1) SRB (MPN/I)
24X 107 7.9 X 10°
3.0 X 10* <2

<10 <2
75X 108 49X 10°
33X 10° <2
1.0 X 10° <2
1.0 X 10* <2
1.7 X 100 2.8X 103
1.0 X 10* 7.0 X 10!
1.0 X 10* <2
3.0X 10° <2
3.0 X 107 2.4X10°
23X 108 1.6 X 10*
1.0 X 107 <2

2 Code for correspondent sampling is shown in parenthesis: I, first semester and II, second semester; 06, year 2006; 07,

year 2007.

composition of cultivable bacterial popula-
tions present in Costa Rican fuels, according to
internationally recognized regulations (ASTM
2004). Even if culture-based approaches can
provide useful information, molecular based
approaches, such as 16S rRNA gene analyses
or FISH, may have provided higher counts of
bacteria (Lemke & Leff 2006).

In general, higher bacterial counts were
found in the samples obtained from the bot-
tom of the tanks (t=3.320, p<0.05), but they
were even surpassed by the counts from
the aqueous phase, which were an average
of 3.2 logarithms higher (t=6.160, p<0.05);
these results correlate previous studies, where
microbial populations increase as depth of
stored fuel tank column also increases (Pitcher
1989, Yemashova et al. 2007).

Microbiologically, the tendency showed
that diesel was the most contaminated kind
of fuel; this finding resembles those previ-
ously obtained in studies performed in Brazil,
where these problems are particularly acute for
diesel, which frequently presents an important
biomass in the water/hydrocarbon interface
(Gaylarde et al. 1999, Bento & Gaylarde
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2001). Major microbiological problems have
been attributed to diesel due to several reasons:
the presence of a higher additive quantity and
variety (Gaylarde et al. 1999), which could act
as a micronutrient and carbonated compounds
source for microbial growth; inclusion in its
composition of more soluble compounds, dif-
fering from gasoline, which could allow an
easier access of hydrocarbons to microorgan-
isms; and having a mixture of high molecular
weight compounds, which do not act as mem-
brane solvents, being therefore less toxic for
organisms (Leahy & Colwell 1990).

Although not statistically different,
Ochomogo was the oil distribution facility with
the highest bacterial contamination, followed
by Moin, whereas La Garita and Barranca were
the “cleanest” facilities. Association among
this observation and climate conditions such
as temperature and rainfall was not found,
since Ochomogo and Barranca are the sites
with the lower and higher mean tempera-
tures (16.6 and 26.7°C, respectively, National
Weather Institute, Environment, Energy and
Telecommunication Department, Costa Rica),
meanwhile, annual precipitations were lower
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TABLE 5
Gram positive bacteria isolated from 96 fuel samples from oil distribution facilities in Costa Rica

Total of Isolation

Bacterial strain strains (%)  frequency

n=149 (%) n=96
Actinomyces hordeovulneris 1(0.7) 1.0
Arthrobacter cumminsii 2(1.3) 2.1
Bacillus sp.® 10 (6.7) 9.4
B. cereus/thuringiensis® 4(2.7) 42
B. fastidiosus 2 (1.3) 2.1
B. laevolacticus 2(1.3) 2.1
B. megaterium 4(2.7) 4.2
B. mycoides 2(1.3) 2.1
B. pumilus 3(2.0) 3.1
B. racemilacticus 1(0.7) 1.0
Brevibacterium mcbrellneri 1(0.7) 1.0
Brochothrix campestris 1(0.7) 1.0
Brochothrix thermosphacta 1(0.7) 1.0
Cellulomonas gelida 1(0.7) 1.0
i{s;él;z;;er michiganensis ss 1(07) 10
Corynebacterium sp.* 1(0.7) 1.0
C. glutamicum 2(1.3) 1.0
C. nitrophilus 3(2.0) 3.1
Deinococcus radiodurans 1(0.7) 1.0
nDiiZi’ilzicn(;ic)fZeSnsis 10.7) 1.0
Globicatella sanguinis 1(0.7) 1.0
Kocuria kristinae 1(0.7) 1.0
K. rosea 1(0.7) 1.0

Total of Isolation

Bacterial strain strains (%)  frequency

n=149 (%) n=96
K. varians 9 (6.0) 9.4
Kurthia gibsonii 1(0.7) 1.0
Kytococcus sedentarius 1(0.7) 1.0
Microbacterium maritypicum 1(0.7) 1.0
M. saperdae 1(0.7) 1.0
Micrococcus sp.* 25 (16.7) 20.8
Micrococcus lylae 1(0.7) 1.0
Paenibacillus macerans 1(0.7) 1.0
Rhodococcus sp.* 3(2.0) 3.1
R. equi 1(0.7) 1.0
R. fasciens 2 (1.3) 2.1
Staphylococcus sp.* 42.7) 4.2
S. arlettae 1(0.7) 1.0
S. aureus 1(0.7) 1.0
S. capitis 2(1.3) 2.1
S. cohnii 5(3.3) 42
S. epidermidis 5(3.3) 4.2
S. haemolyticus 6 (4.0) 5.2
S. hominis 2(1.3) 2.1
S. lugdunensis 2(1.3) 2.1
S. sciuri 2(1.3) 2.1
S. warneri 2(1.3) 2.1
Streptococcus intestinalis 1(0.7) 1.0
Tsukamurella inchonensis 42.7) 4.2

2 Taxonomy until species level was not possible with the identification methodology employed in this study.
b Differentiation between the two species was not possible with the identification methodology employed in this study.

in Ochomogo (1354.4 mm) and higher in
Moin (3158.4 mm). Nevertheless, a correlation
was found, since most of the aqueous-phase
containing samples were found in Moin and
Ochomogo, mainly in the latter, where 83.3%
of the samples taken from this place presented
water (they correspond to 71.4% of the water
containing samples). This could be partially
explained because both facilities are located

in the higher relative humidity places (87 and
86%, respectively) if compared to La Garita
(76%) and Barranca (81%), for which it is
suggested to enlarge drainage and cleaning
frequency of containers in these sites.
Although no acceptable standards for
microbial contamination of fuels have been
published (Gaylarde et al. 1999), crude oil
derivates can be classified as slightly or highly
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contaminated by the number of microorgan-
isms present in the residual water bottoms,
about 103 bacteria/l are characteristic for slight
contamination whereas 107 - 10!'! bacteria/l for
high contamination (Yemashova et al. 2007).
According to this criteria, only 14.3% of the
samples with residual water were considered
slightly contaminated, whereas there were no
highly contaminated fuels. Similarly, oil prod-
ucts considered as “clean” contain less than
5.0 X 10* microorganisms per liter of product
(Yemashova et al. 2007). Based on this, all the
fuels analyzed were considered “clean”. These
results are consistent with the fact that no sig-
nificant alteration in physicochemical param-
eters was found, as it is shown in tables 1 and 2,
in spite of the fact that some counts were higher
than 10® bacteria/l in water. Although there
are no periodic cleaning plans for tank main-
tenance in the oil distributing facilities, these
findings could reflect good practices related to
cleaning techniques and manipulation during
fuel transportation, since these procedures con-
stitute important sources of microbial flora.

Even though this study is not enough
to establish standards for definitely classify-
ing Costa Rican fuels, the data revealed that,
in general terms, they are “clean” and the
levels reached by bacterial populations seem
not to affect fuel quality, because there were
no important changes in the physicochemical
parameters evaluated.

Similarly, it is recommended a rigorous
control of tank cleaning (increasing its fre-
quency) as well as the permanence time of
fuel in storage systems; it is also suggested the
addition of antimicrobial agents (Haggett &
Morchat 1992, Bento & Gaylarde 2001) which
are not used in Costa Rica at present.

Continuous investigation on this field is
required, because microbial growth in fuel
storage and transportation systems could cause
problems such as filter saturation, clogging
of nozzles and eventually the breakage of the
engines. Therefore, it would be important to
repeat this study at gas stations, aiming to
determine fuel quality just in the moment it is
acquired by the consumer, and to perform more

bacterial counts at oil distribution facilities to
establish standards of microbial quality of the
fuels distributed by RECOPE in Costa Rica.

Bacteria identification: The knowledge
of bacterial flora in Costa Rican fuels consti-
tutes a pioneer study, not only important for
industry and commerce of these products, but
for the possibility to find indigenous microor-
ganisms of potential use in bioremediation, as
it has been done in different places around the
world (Kanaly & Harayama 2000, Capelli et
al. 2001, Kosaric 2001, Rahman et al. 2002a,
Bento ef al. 2003, Queiroga et al. 2003,
Mishra et al. 2004, Boszczyk-Maleszak et al.
2006, Lopes Ferreira et al. 2006, Pinto et al.
2007). It is important to point out that the 16S
rRNA gene analyses would have given a wider
picture of the bacterial diversity present in the
samples, including the identification of the not
identified strains.

Respect to Gram positive bacteria, the most
frequent genera isolated were Staphylococcus,
Micrococcus and Bacillus. Staphylococcus has
been found occasionally contaminating fuels
(Rauch et al. 2006) and strains of S. homi-
nis have been identified as important diesel
degraders in soil (Pinto et al. 2007); on the
other hand, Micrococcus and Bacillus, both
genera of wide environmental distribution,
have been identified as common hydrocarbon
contaminants in several works (Edmonds &
Cooney 1967, Gaylarde et al. 1999, Bento &
Gaylarde 2001, Rauch et al. 2006, Yemashova
et al. 2007). The great resistance to adverse
environmental conditions by Micrococcus and
the sporulation ability of Bacillus favor their
recuperation from fuel, besides it has been
reported the ability of some of their species to
degrade it, such as Micrococcus sp., Bacillus
sp., B. cereus, B. sphaericus, B. fusiformis, B.
pumilus and B. subtilis (Atlas 1981, Gaylarde
et al. 1999, Kosaric 2001, Bento et al. 2003,
Queiroga et al. 2003, Pinto et al. 2008), some
of which were isolated in the present study.

In lower isolation frequencies were
found the genera Kocuria (“low frequency”),
Rhodococcus and Corynebacterium (“rare”).
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Kocuria includes microorganisms that pre-
viously belonged to the genus Micrococcus
(Stackenbrant et al. 1995), therefore it shares
the same ecological features which explain
its finding in gasoline (Rauch er al. 2006)
and potential biodegrading ability has been
described in some of its members (Pinto et al.
2007). The same situation is presented in less
frequent genera present in Costa Rican fuels:
Dermacoccus and Kytococcus (Stackenbrant et
al. 1995). On the other hand, Corynebacterium
has been previously found as hydrocarbon con-
taminant and degrader (Atlas 1981, Gaylarde et
al. 1999, Rahman et al. 2002, Yemashova et al.
2007), whereas Rhodococcus, a diverse-metab-
olizing nocardioform actinomycete, is in turn
able to use a wide range of hydrophobic com-
pounds as a carbon source, such as hydrocar-
bons, chlorinated phenols, steroids and crude
oil (Correa Bicca et al. 1999, Sharma & Pant
2000); ability to degrade diesel in concentra-
tions up to 20 000 mg/1 has been described (Lee
et al. 2006), therefore its presence in fuels is
not surprising (Yemashova et al. 2007).

Some Gram positive genera were isolated
in lower than 3% frequencies; many of them
have been found in higher or lower level as
fuel contaminants, or their ability to degrade
different kinds of hydrocarbons has been
shown at least: Actinomyces (Gaylarde et al.
1999, Yemashova et al. 2007), Brevibacterium
(Gaylarde et al. 1999, Yemashova et al. 2007),
Brochothrix (Manab Sarma et al. 2004),
Cellulomonas (Radwan et al. 1998, Radwan
& Al-Muteirie 2001, Riis et al. 2003, Rauch et
al. 2006, Al-Awadhi et al. 2007), Clavibacter
(Bock et al. 1994, Giilensoy & Alvarez 2000),
Deinococcus (Dua et al. 2002, Brim et al.
20006), Kurthia (Kohno et al. 2002, McNamara
et al. 2005) and Microbacterium (Schippers
et al. 2005, Al-Awadhi et al. 2007). The same
happens to Paenibacillus macerans (previously
Bacillus macerans, Ash et al. 1995, Rauch et
al. 20006), Tsukamurella (previously distributed
among Rhodococcus and Corynebacterium
species, Finnerty 1992, Erdlenbruch et al.
2001) and Arthrobacter (Rauch et al. 2006),
genus for which it has been also demonstrated

the promotion of SRB growth through metabo-
lites produced from hydrocarbon oxidation
(Koronelli et al. 2001). For Globicatella and
Streptococcus, documented isolations from fuel
or other hydrocarbon source, are beyond the
knowledge of these authors.

Gram negative bacteria presented low iso-
lation frequencies, and all of them belonged
to different families of oxidative rods of wide
environmental distribution (Juni & Bevre 2005,
Palleroni 2005, 2005a, Vancanneyt et al. 2005,
Willems & Gilles 2005) and usual presence in
fuels (Bento & Gaylarde 2001). Amongst this
group of microorganisms, Pseudomonas was
the most frequent genus; all the found species
are commonly isolated from environmental
samples of water and soil (Palleroni 2005a)
which explains their occurrence in fuels,
according to several previous studies (Edmonds
& Cooney 1967, Pitcher 1989, Gaylarde ef al.
1999, Bento & Gaylarde 2001, Rauch et al.
2006), especially P. aeruginosa and P. fluore-
scens, the most frequent species in Costa Rican
fuels. This genus’ metabolic diversity has been
described (Palleroni 2005), particularly related
to growth in hydrocarbons, for which the pos-
sibility of using different species for environ-
mental pollutant removal (including fuels) has
been studied (Atlas 1981, Desai & Banat 1997,
Kosaric 2001, Christofi & Ivshina 2002, Bento
et al. 2003, Emtiazi et al. 2005, Guo-liang et
al. 2005, Pinto Mariano et al. 2008). In some
research this genus has been mentioned, along
with Arthrobacter, as the main fuel degraders
in soil (Atlas 1981).

The remaining Gram negative genera
were isolated in very low frequencies (1%
each), for which their presence in fuels could
be merely casual. Amongst them, stand out
Brevundimonas, previously isolated from fuels
(Rauch et al. 2006), Burkholderia, for its capa-
bility of degrading polycyclic aromatic hydro-
carbons (Palleroni 2005) and Comamonas,
usually found in highly polluted places contain-
ing complex mixtures of organic compounds,
and considered of great degrading potential
(Willems & Gilles 2005), for which all of them
could be important in stored fuel spoilage.
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None of the identified microorganisms is
restricted to fuel environment, nevertheless,
the knowledge of indigenous flora in this kind
of systems will allow to determine whether the
presence of an organism and its impact on fuel
is unusual and should be of concern.

To asses the importance of particular micro-
organisms in fuel deterioration, it is essential
to determine their ability to grow, rather than
merely exist in these systems (Bento & Gaylarde
2001); therefore we pretend to evaluate this fea-
ture of our isolates in subsequent studies.

SRB quantification: Among anaerobic
bacteria, SRB have attracted special attention
due to their impact on deterioration processes,
since it has been demonstrated their ability to
grow in hydrocarbons as the only organic sub-
strate (Aeckersberg et al. 1991, 1998, Rueter
et al. 1994, Gaylarde et al. 1999, Spormann
& Widdel 2000, Kleikemper et al. 2002,
Yemashova et al. 2007) and also to promote
corrosive processes (Hamilton 1985, Pitcher
1989, Beech & Gaylarde 1999). These micro-
organisms are favored in low oxygen concen-
tration environments, therefore the bottom of
the tanks constitutes an optimal place for their
multiplication, due to the low oxygen diffusion
in hydrocarbons and the height of fuel layer.
The formation of galvanic cells by massive
growth of SRB makes the corrosive process
much worse than just the effect of hydrogen
sulfide on metals (ASTM 1984), which can
cause inner corrosion in fuel transportation
machines, besides the harmful effects on useful
live of car tanks. On the other hand, corrosion
may promote the increase of other microbial
populations, through liberation of metallic ions
required for their growth (Yemashova et al.
2007).

It is rare to find SRB as gasoline contami-
nants, which could be explained by the toxic
effect of hydrocarbons that compose this kind
of fuel (Gaylarde et al. 1999); this observation
agrees the findings in this study, where only in
one out of the nine water samples from regular
or premium gas tanks presented a detectable
count by MPN technique. Nevertheless, SRB

were found in diesel tanks containing water
residue, with populations in the order of 103-
10° MPN/I, similarly to previous surveys in
Brazil, where they were found in storage tanks,
although they were absent in places without
aqueous phase, such as bus tanks and injec-
tors (Gaylarde et al. 1999, Bento & Gaylarde
2001). Just in order to compare, in the present
study, SRB were found in 42.9% of tanks with
residual water, whereas in a previous report
in ship tanks, they were found in only 17% of
samples (Neihof & May 1983).

The isolation of Arthrobacter from one of
the diesel samples is consistent to SRB pres-
ence, according to previous work (Koronelli ez
al. 2001), nevertheless it seems adventured to
affirm that the search for this bacterial genus
could be an indicator of potential growth
of SRB in fuel storage tanks (Koronelli et
al. 2001), since it was not isolated from the
remaining SRB-positive tanks.

Several diesel samples presented slightly
superior values of sulfur content, if compared
to the standard; nevertheless no correlation
was found between these samples and the other
positive for SRB, because they did not present
residual water phase; it is probable that eventu-
al presence of water at the bottom of the tanks
containing excess of sulfur would show higher
counts than the reported in this study.

It is important to consider that not only
SRB are implicated in microbiological cor-
rosion processes, but also different bacterial
groups and even fungi (Beech & Gaylarde
1999), since microbial growth induces located
corrosion in fuel storage tanks, thanks to the
effect of organic acids released as metabolites
from hydrocarbon degradation (Bento et al.
2005) or through anticorrosive agents con-
sumption (Muthukumar et al. 2007).

To date, there are not official standards
related to allowed SRB populations in fuel
systems, and although the values obtained were
lower than 10° MPN/I, the demonstration of the
presence of this bacteria in tanks, is a warning
signal of imminent danger, since depending on
permanence time of water at the bottom of the
tanks, SRB population could increase, which
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would increase, in parallel, the risk of biocor-
rosion in fuel storage containers.

The findings of this study stand out the
importance of giving an adequate maintenance
to containers, especially diesel tanks, based on
the addition of biocide agents, but mainly in
continuous drainage and removal of accumu-
lated water, aiming to increase useful life of
storage and transportation equipment, as well
as engine components of final users.
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RESUMEN

Se evalud semestralmente durante dos afios la calidad
bacteriana de los combustibles almacenados en los cuatro
planteles de la Refinadora Costarricense de Petroleo (Costa
Rica). Para un total de 96 muestras se realizaron recuentos
(norma ASTM D6974-04) ¢ identificacion de las bacterias
presentes en gasolina regular, gasolina super y diesel en los
niveles superior e inferior de los tanques contenedores; en
las muestras con fase acuosa se cuantificaron las bacterias
reductoras de sulfato (SRB, norma ASTM D4412-84).
La mayor contaminacion se observd en el fondo de los
tanques, sobretodo si se presentd una capa de agua alma-
cenada. El diesel fue el combustible mas contaminado,
sin embargo, no se observd alteracion importante en los
parametros fisicoquimicos de las muestras evaluadas.
Se aislaron 149 cepas, 136 (91.3%) Gram positivas y 13
(8.7%) Gram negativas; los géneros mas frecuentes fueron
Staphylococcus (24.0%), Micrococcus (21.9%), Bacillus
(18.8%), Kocuria (11.5%) y Pseudomonas (7.3%). Con
bajas frecuencias se encontraron algunas especies para las
que no se ha descrito su aparicion o crecimiento en hidro-
carburos. Las SRB se presentaron con recuentos de hasta
10> MPN/1 en un 42.9% de las muestras con agua residual,
principalmente en diesel, lo cual es indicativo de alerta por
biocorrosion. A partir de los resultados se recomienda dar
un mantenimiento frecuente a los contenedores, la adicion
de compuestos antimicrobianos y el monitoreo de la cali-
dad microbiana de los combustibles del pais.

Palabras clave: combustibles, contaminacion microbiana,
tanques de almacenamiento, bacterias reductoras de sulfa-
to, biocorrosion.
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