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This study aims to develop certain perspectives based on the principle of on-site remediation of the soil
through biological means known as "bioremediation" against soil pollution issues resulting from fuel
contamination in our country and to reveal the fatty acid profile in the final soils. The fatty acid profile of
the soils was pointed out by testing the activity of three basic bioremediation applications (biological
multiplication, biological excitation and the combined application of these two approaches) established
in the laboratory condition. Under biological multiplication applications, six of the selected bacterial
strains (Pseudomons aeruginosa, Pseudomonas putida biotype A, Citrobacter amalonaticus-GC
subgroup A, Acinetobacter genomospecies) exhibit the highest growth in crude oil environment
isolated from oil-contaminated soils of Adana, Batman and Adiyaman, and they also have the highest
levels of crude oil degradation. Under biological excitation applications, the organic materials being
humic-fulvic acid and, in combined applications, different combinations of bacteria mixture and organic
materials were examined as to the amount of crude oil they degrade in an incubation period of 120 days
by qualitative hydrocarbon-type analyses. The highest level of oil degradation, being 56%, occurred
under biological multiplication applications where the bacteria mixture was applied. Under biological
excitation conditions where various organic materials were applied to the contaminated soil,
degradation to 18% was observed. In combined applications, oil degradation was achieved to 30%. The
most common fatty acids were found to be 15:0 iso, 15:0 anteiso, 16:0, 16:1 w7c, 17:0ai, 18:2w6,9 and
18:1w9c fatty acids detected in both unpolluted and oil-contaminated soils. Determination of high level
18:1w9c fatty acid in oil contaminated and clean soils may indicate the presence of Pseudomonas spp.
However, fatty acid 15:0 anteiso was determined to be higher in oil-contaminated soils than in
unpolluted soils. It may be explained that Gram positive bacteria were predominant in oil-contaminated
environment.

Key words: Soil, crude oil, bacteria, bioremediation, phospholipid fatty acids analysis-fatty acid methyl ester
(PLFA-FAME).

INTRODUCTION

It is well known that in soil, number and types of existing of hydrocarbons, quantity and quality of contaminants
microorganisms are affected by biological and physico- and its biological usefulness and particle distribution
chemical events including soil properties such as suitable (Atlas, 1981; Atlas and Bartha, 1992; Steffan et al., 1997,
conditions for microbial decomposition (oxygen, food Morgan and Watkinson, 1989; Margesin and Schinner,

substance, temperature and pH), microbial decomposition 1997a). Kapley et al. (1999) demonstrated that fungi can
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decompose hydrocarbons, particularly Emericella nidulans,
Graphiwn putredinis, Eupenicillum javanicum and
Aspergillus flavipes are active in the assimilation of aromatic
hydrocarbons. They showed that some soil-originated
bacteria such as Pseudomonas spp. have the capability to
decompose some fractions of crude oil. In addition,
Jurgensen et al. (2000) isolated and identified Enterobacter
sakazakii, Bacillus mycoides, Klebsiella oxytaca and
Acinetobacter calcoaceticus, from the compost application
no. 3 on petroleum-contaminated soils; Bacillus megaterium,
Pseudomonas diminuta, Gluconobacter cerenius and
Pasteurella caballi from the compost application No. 1; and
Sphingomonas  paucimobilis and  Sphingobacterium
multivorum and some unknown bacteria from compost
application No. 2. Obire and Okudo (1997), Bailey et al.
(2002) showed existence of different microbial populations in
petroleum-contaminated environment compared with the
ones in cleaner environment. These changes in microbial
community are the result of food cycle and movement in soil
and can be determined by the method of total extractable
phospholipid fatty acid.

In spite of the fact that there are many studies conducted
on microorganisms which remove particular hydrocarbons or
hydrocarbon groups forming structure of petroleum and
petroleum products (PPP) in a short time, our knowledge
about the role of soil microorganisms in hydro-carbon
decomposition is very limited. In the present study, the
selected microorganisms and mixture of micro-organisms
isolated from various soil ecosystems under different
environmental conditions were evaluated for elimination of
PPP-related contamination in laboratory and field studies in
Turkey. For this purpose, an economical and environment-
friendly “biological improvement

(bioremediation)” approach was taken as a model in the
elimination of petroleum and similar  organic
contaminants. Then fatty acid profiles of the soils were
determined by testing the efficiency of three basic
bioremediation applica-tions established in the laboratory
conditions (bio-augmentation, bio-stimulation and the
combined applica-tion of these two approaches) in
elimination of crude oil based contamination.

MATERIALS AND METHODS

Procurement of soil material in which
contamination conditions are to be established

experimental

Soil material from trial lands of AUZF Research and Application
Farm (approximately 40 kg, taken from 0-20 cm depth) were
brought to laboratory after sieved through a sieve of 2 mm.

Contaminating material

Crude oil was procured from Kirikkale Refinery Premises of Turkish

Petroleum Corporation (TPAO).

Composition by weight of hydrocarbon are: alkanes (paraffins)
30%, naphthenes 49% aromatics15%, asphaltics 6%.

Procurement of the bio-augmentation material (bacteria-bac)

Batman Refinery waste accumulating field, samples were taken
from 0-20 cm depth: (waste 1) and samples were taken from 20-40
cm depth: (waste 2). Samples were also taken from Adiyaman
TPAO petroleum wells inner station petroleum water accumulating
area and “BTC (Baku - Tiflis - Ceyhan) crude oil loading terminal
area in Adana. All samples were kept at +4°C until analyses were
made.

Bio-stimulation material (humic-fulvic- acid)

As bio-stimulation material, soil regulator sold in the market, coded
as HFA (humic-fulvic- acid) (K- Humate) was used.

Preparation of the soil used for bioremediation purposes

The soil used in this study (about 40 kg), was collected one week
before the setting of last trial and was kept at room temperature.

Isolation of bacteria from petroleum-contaminated soils

The following procedures were followed with isolation purposes on
the samples taken from i) Batman refinery, refinery waste
accumulating area, ii) from Adiyaman TPAO petroleum wells inner
station petroleum water accumulating area and iii) from “BTC”
Crude oil loading terminal area in Adana. 1% crude oil and Triton-
X-100 emulsifier (1:1) were added into 1 L broth medium which
include 10 g soil ,1 g KNO3, 0,2 g MgS0O4, 0,1 g NaCl, 0,1 g CaCl,
g, 1 g KoHPO4 . Then they were left for incubation at 180 cyc/min at
28°C for 3 days. At the end of the 3rd day, 10 ml was taken out
from incubated broth medium and put in a fresh environment again
which has the same components (Erdogan et al., 2011, Rojas-
Avelizapa et al., 1999).

Microbial Identification System (MIS) identification of isolated
bacteria

Miller and Berger (1985) carried phospholipid fatty acids analysis
(PLFA) analysis made on pure bioremediation bacteria cultures out
using MIS. This system is based on the fact that number, variety
and quantity as percentage (fatty acid profile) of fatty acids in the
cells of microorganisms with same genetics and that they do not
change as long as environment conditions remain the same (Sahin,
1997; Sahin et al., 1999; Erdogan et al., 2011).

Bioremediation applications

Preparation of experimental contamination conditions

A 3000 g of soil sample having a moisture content of 50% of its
water holding capacity was placed into a plastic pot incubated 25°C
for 10 days. After three days of pre-incubation, soil sample was
contaminated by applying crude oil of 1% on weight basis (w/w)

Abbreviations: PPP, Petroleum and petroleum products; HFA, humic-fulvic- acid; PLFA, phospholipid fatty acids analysis; MIS,
microbial identification system; TPH, total petroleum hydrocarbons; FAME, fatty acid methyl ester; GC, gas chromatographic.



Table 1. Experimental design.
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Treatment number Treatment Treatment of content
1 *BAC + *N Biological multiplication
2 *HFA + *N Biological excitation
3 *BAC + *HFA + *N Combined application (1+2)
4 C+*N Control (basic fertilization)

*BAC, Bacteria mixture; *N, nutrient; *HFA, humic fulvic acid.

homogeneously. Clean soil material (as a control) was left in room
conditions for the same duration.

Preparation of bioremediation bacteria mixture cultures

Six bacterial strains, their petroleum decomposition abilities in liquid
culture determined were applied homogeneously to clean and
contaminated soils by spraying. The applied bacteria density of each

strain was 101 CFU/ml. (Erdogan, 2010; Erdogan et al., 2011).

Experimental design

Trial was set in 5 kg plastic mouth capped cups (Table 1).
Samplings have been done on 1st, 30th, 60th, 90th and 120th day.
Total petroleum hydrocarbons (TPH) analyses and cultural count on
thelst, 30th, 60th, 90th and 120th day was done for monitoring of
crude oil decomposition. PLFA-fatty acid methyl ester (FAME)
analysis on the 1st, 30th, 60th, 90th and 120th day using direct
extraction method has been done for investigating soil community
structure in each sampling. In this way, it allowed determination of
“indicator-fatty acid methyl ester” with respect to bioremediation
bacteria which is to be used (Erdogan, 2010).

Determination of efficiency of bioremediation applications
Monitoring crude oil decomposition in soil

In soil samplings taken on the 1st, 30th, 60th, 90th and 120th day of
the trial, petroleum analyses were conducted with ASE device
(Dionex ASE 300) in TPAO-Research Central Geochemistry
Laboratory (EPA method 3545).

Ascertainment of determinative features of bioremediation
bacteria used with PLFA-FAME analysis

“Indicator-fatty acid methyl ester” of bioremediation bacteria which
is to be used was ascertained by making FAME analysis with direct
extraction method in order to monitor life status of petroleum
decomposing bacteria, which were made resistant to crude oil, in
petroleum-free and petroleum contaminated soil.

Essentials of this procedure can be defined as i) Extracted
microbial living from soil and having been treated to them with a
medium level alkali hydrolysis and break up of their cells; ii)ester
binds breaking and fatty acids being separated from lipids and fatty
acids; iii) having been transformed into methyl ester form, being
analyzed in gas chromatographic (GC) system in quantitative (%)
and qualitative respects. Bligh and Dyer (1959), Sasser (1990),
Zelles et al. (1992), Frostegard et al. (1993), Bossio et al. (1998),
Ibekwe and Kennedy (1998) also used this analysis method in their
study.

Statistical analyses

Results of the study were evaluated with repeated measures
variance analysis method with respect to features focused on.
Repeated measures were made at the levels of time factor and
conducted in three replicates “SPSS 12.0", MSTAT software
packages were used for calculations. In addition, correlations
between investigated parameters were evaluated using Pearson
Correlation Test (Winer et al., 1991; Gurbdiz et al., 2003).

RESULTS
Species-genus-order-families of isolated bacteria

Results of the isolated bacteria are given collectively in
Table 2.

Changes in total petroleum hydrocarbons (TPH)

TPH  values  of Pet+BAC+N,Pet+HFA+N and
Pet+BAC+HFA+N applications applied on petroleum-
contaminated (Pet.) soils for 120-day incubation period
are given in Figure 1. When variance analysis table
relating to TPH in petroleum-contaminated soils was
examined, time-bacteria-HFA triple interaction was found
statistically significant (P<0.05). When we compare
petroleum-contaminated soils in respect of their TPH
values, time-dependent reduction is observed in all
applications except control. While the biggest reduction
was observed in Pet+BAC+N soils, the smallest
reduction was observed in control soils. If we are to
compare application types with each other, the highest
TPH value (7998 mg.kg-1) was determined in solil
Pet+BAC+N on the 1st day and the lowest one (4500
mg.kg-1) was determined in soil Pet+BAC+N on the
120th day; the difference between applications was found
to be significant statistically at level of P<0.05.

Filauro et al. (1998) stated in their study that TPH
concentration was decomposed by 48% with bacteria
application, Peressuttia et al. (2003) indicated that TPH
quantity was reduced by 45.48%. Pokethitiyook et al.
(2002) found out that A. Calcoaceticus isone among
those isolated from a petroleum-contaminated area in
Bangok, and three Pseudomonas strains provided high
level of decomposition at 0.5% crude oil level.
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Table 2. Genus-species-order-families of isolated bacteria.

Bacteria (Genus-species)

Order - Family

Pseudomonas putida
Pseudomonas aeruginosa
Pseudomonas mucidolens
Acinetobacter genomospecies
Stenotrophomonas maltophilia
Enterobacter hormaechei
Enterobacter sakazakii
Citrobacter amalonaticus
Eschericha coli
Sphingobacterium multivorum
Aeromonas caviae
Paucimonas-lemoignei

Pseudomonadales - Pseudomonadaceae
Pseudomonadales - Pseudomonadaceae
Pseudomonadales- Pseudomonadaceae
Pseudomonadales - Moraxellaceae
Xanthomonadales - Xanthomonadaceae
Enterobacteriales - Enterobacteriaceae

Enterobacteriales - Enterobacteriaceae
Enterobacteriales - Enterobacteriaceae
Enterobacteriales - Enterobacteriaceae

Sphingobacteriales - Sphingobacteriaceae
Aeromonadales - Aeromonadaceae
Burkholderiales - Burkholderiaceae
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Figure 1. TPH values relating to applications Pet+BAC+N, Pet+HFA+N and Pet+BAC+HFA+N applied on petroleum-contaminated soils.

A. calcoaceticus, the best among four bacteria, provided
decomposition values of 80.76, 68.86 and 65.18% in
contaminated soil at different temperatures of 20, 40 and
30°C, respectively.

The data of another study conducted by Ghazali et al.
(2004) is very similar and supporting our results.
Researchers found out that two different bacterial
mixtures isolated from contaminated soil showed similar
and high levels of petroleum decomposition under soil-
free in vitro conditions. They indicated that a bacterial
strain isolated from contaminated soil and bacterial
mixtures composed of Pseudomonas spp and Bacillus
spp provided a higher level of decomposition tested
under conditions of diesel, petroleum and machine oil-

contaminated soil for a 60-day incubation process.
Rambeloarisoa et al. (1984) found out that a bacterial
mixture, which is composed of 8 species belonging to six
different bacterial genera, effectively decomposed crude
oil.

In another study, Kishore and Ashis (2007) tested
Bacillus subtilis(DM-04), and Pseudomonas aeruginosa

(M) isolated from a petroleum-contaminated area at
southeastern India under soil-free in vitro and contami-nated
soil conditions, and showed that P. aerugionasa (M) was
more effective than B. subtilis (DM-04) in soil-free
environment. After a 120-day incubation period in the
petroleum-containing soil experiment, it was observed that
while B. subtilis DM-04 eliminated 50% of the crude
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Table 3. Change over time of measurable fatty acids of humic acid and bacteria (Pet+HFA+BAC+N) application under petroleum containing

conditions.

Pet+HFA+BAC+N Time

PLFA-FAME 1> day 30" day 60 day 90" day 120" day
10:0 3.36 13.3 - - -
11:0 4.07 - - - -
12:0 1.88 - - - -
12:0iso 30H 3.39 - - - -
12:0 anteiso 1.22 30.64 - - -
13:0 anteiso 2.43 21.68 - - -
15:0iso 477 - - - -
15:0 anteiso 13.35 34.38 100.00 - -
16:0 6.23 - - - -
16:0 anteiso 11.35 - - - -
16:0 iso 7.56 - - - -
16:0 10-methyl 5.47 - - - -
17:1 whc 7.5 - - - -
17:0 anteiso 6.53 - - - -
18:0 anteiso 10.42 - - - -
18:1 w9c 3.91 - - - -
18:3 w6c(6.9.12) 4.18 - - - -

Table 4. Change over time of measurable fatty acids of bacteria (Pet+BAC+N) application under petroleum containing conditions.

Pet+BAC+N Time
PLFA-FAME 1> day 30" day 60" day 90" day 120" day
9:0 30H 12.04 - - - -
10:0 11.96 28.99 - - -
12:0 anteiso 12.03 71.01 - - -
13:0 anteiso 10.54 - - - -
14:0 anteiso 12.44 - - - -
15:0 anteiso 16.93 - 100.00 - -
18:1 w9c 17.63 - - - -
17:0 anteiso 9.01 - - - -
18:1 w6.9c 7.53 - - - -
18:3 wb6c(6.9.12) 7.29 - - - -

oil, P. aerugionasa (M) and a bacterial strain isolated
from contaminated soil were able to decompose up to
100% of those. Porta et al. (1998) also reported similar
results. On the other hand, other researchers indicated
that complex hydrocarbons, phenols, phenanthrene and
benzopyrene show a high metabolic capability in gram-
positive bacteria with respect to decomposing oxidation
products (Sextone et al., 1978; Song and Barta, 1990).

Phospholipid fatty acid methyl ester (FAME)

Evaluation of soil PLFA-FAME analysis is shown in Table 3

to 6 and the number of indicator fatty acid, which could
be measured at different times, was different in soil at
PLFA-FAME analysis results.

Based on this information, we can see that the most
intensive fatty acid in all applications was on the 1st day
and it reduced over time; and finally, on the 90th and
120th day fatty acid could not be found (Tables 3 to 6).
While in Pet+tHFA+BAC+N application, at the beginning
of the incubation (1st day), the number of PLFA was 17,
it reduced to 4 on the 30th day and to 1 on the 60th day,
and later no fatty acid could be found (Table 3). The
number of PLFA-FAME in this application was more than
that of other applications. This could be due to the
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Table 5. Change over time of measurable fatty acids of humic acid (Pet+HFA+N) application under petroleum containing conditions.

Pet+HFA+N Time
PLFA-FAME 1> day 30" day 60 day 90" day 120" day
12:0 anteiso 20.21 24.88 - - -
13:0 anteiso 18.42 16.55 - - -
14:0 anteiso 21.65 8.99 - - -
15:0 anteiso 22.67 22.83 100.00 - -
16:0 anteiso 23.53 22.54 - - -
Table 6. Change over time of measurable fatty acids of control (Pet+C+N) application under petroleum containing conditions.
Pet+C+N Time
PLFA-FAME 1> day 30" day 60" day 90" day 120" day
11:0 anteiso - 21.59 - - -
12:0 anteiso - 29.57 - - -
13:0 anteiso - 21.03 - - -
15:0 anteiso 21.58 27.82 100.00 - -
16:0 anteiso 20.9 - - - -
17:0 anteiso 11.8 - - - -
18:2 w6.9¢c 16.3 - - - -
18:3 w6c(6.9.12) 10.61 - - - -
19:1 w6.9c¢ 18.80 - - - -

addition of bacteria. This quantity fell over time and after
the 90th day no PLFA-FAME could be found. While in
Pet+BAC+N application, at the beginning of the
incubation (1st day), the number of FAME was 10, it
reduced to 2 on the 30th day and to 1 on the 60th day,
and later no fatty acid could be found (Table 4).

In this application as well, quantity of PLFA-FAME was
higher on the 1st day than that of other applications due
to the addition of bacteria. While in Pet+HFA+N
application, at the beginning of the incubation (1st day),
the number of FAME was 5, on the 30th day number of
fatty acid was same, the 60th day it reduced to 1, and
later no fatty acid could be found (Table 5). While in
Pet+C+N application, at the beginning of the incubation
(1st day), the number of FAME was 6, it reduced to 4 on
the 30th day and to 1 on the 60th day, and later no fatty
acid could be found (Table 6).

DISCUSSION

One of the basic intentions of this study is to determine
the microorganisms which can eliminate contamination in
soil stemming from petroleum and that kind of materials,
and to evaluate their efficiency in laboratory conditions.
Applications known as bioremediation are based on use
of microorganisms, which have different levels of hydro-
carbon decomposing capability, in petroleum-

contaminated environments. The most important measure
that is taken as basis in revealing bioremediation potential of
applications used (bio-augmentation, bio-stimulation, bio-
augmentation + bio-stimulation) is soil TPH analysis results
based on total hydrocarbons in soil. The highest decrease in
total petroleum hydrocarbon rate over time among
applications was found in bacteria (Pet+BAC+N) application,
which is followed by bacteria + humic fulvic acid
(Pet+BAC+HFA+N) application and the lowest decrease
was found in the control application. When we look at the
1st and 120th days of the study with respect to TPH,
bioremediation process proceeded fastest in bacteria
(Pet+BAC+N) application by 56%, which is followed by
bacteria + humic acid (Pet+BAC+HFA+N) application by
30%, only humic fulvic acid (Pet+HFA+N) application by
18% and control application by 17%. The data showed that
mixture of bacterial strains (P. aeruginosa, Pseudomonas
putida biotype A, Citrobacter-amalonaticus-GC subgroup A,
Acinetobacter-genomospecies) gave the best result. In the
case of decrease level in TPH values in bacteria
(Pet+BAC+N) application, the fastest degradation was
measured between 1-30 days and 90-120 days. It is seen
that between 30-90 days of incubation, there is a very little
change. This result indicated that petroleum decomposition
is not continuous but has some inactive periods. It was
observed that other applications also have the same inactive
phase. Different PLFA bio-indicators were used to gather
information about many



members of soil micro flora such as bacteria, fungi, algae,
gram-negative bacteria, gram-positive bacteria, sphingo-
monas, actinomycetes and sulphate-reducing bacteria. It
was indicated that these agent materials provide clues about
lipid synthesis that soil microorganisms make in connection
with many environmental events (White et al., 1996a, b;
Venosa et al., 2000). Olsson and Persson (1999) reported
that 18:1w9c is also an indicator representing

Pseudomonas spp. bacteria. Since fatty acid 18:1w9c
showed high values in bacteria (Pet+BAC+N ve
Pet+BAC+HFA+N) applications we conducted in clean and
contaminated soils, we can put emphasis on that it is a
specific fatty acid of Pseudomonas spp. bacteria. 15:0 iso is
an indicator for gram-positive and sulphur bacteria (Olsson
and Persson, 1999). It showed reduction over time in all
applications. Other researchers indicated that for (i15:0 and
al5:0) gram-positive bacteria, their biomarkers increase
(Ringelberg et al., 2008). It was determined that the level of
the 15:0 anteiso fatty acid is higher in petroleum-
contaminated soils than in unpolluted soils. We may
emphasize that the existence of gram-positive bacteria
increases in petroleum-contaminated environ-ment. It was
indicated that saturated fatty acid 16:0 is an indicator which
can be found in all bacteria generally (Pelz et al., 2001,
Keinanen et al., 2003), however, Kneif et al. (2006) stated
that PLFA 16:0 is only specific to methane-oxidizing bacteria
(metanotroph) as a source of carbon and energy. Some
researchers indicated that bio-markers of fatty acids
nl6:1w7c, nl8:1w9c and nl8:1w7c increase for gram-
negative bacteria (Ringelberg et al., 2008). When
investigated in respect of 18:1w9c concen-trations
ascertained in our study, the common point is that it is a fatty
acid occurring in bacteria (Pet+BAC+N) applications, and
this PLFA agent had a high value at the beginning of the
incubation while at the end of it, it decreased and on the
120th day it could not be found. If

18:1w9c is an indicator of species Pseudomonas spp. as
it is claimed by Olsson and Persson (1999), then we can
relate the reduction of this indicator fatty acid
concentration over time to the decrease of hydrocarbon
sources in the environment. According to the study of
Parker and Taylor (1983) and Guckert et al. (1985)
18:1w7c and 18:1w9c are agents specific to aerobic
bacteria and also Fierer et al. (2003) grouped these fatty
acids as gram-negative bacteria indicator. Bundy et al.
(2002) related the fatty acids 18:1w9 and 17:1w8, which
are extracted from petroleum-contaminated soil, to gram-
positive bacteria. Fatty acid 17:0ai was observed more in
number in clean soil than petroleum-contaminated soil.

PLFA agents (fatty acids) determined are biomarker for
gram-negative bacteria and the fact that this PLFA agent
has a high value at the beginning of the incubation and it
decreases at the end of the incubation is related to the
reduction in hydrocarbon sources in the environment. In
clean and petroleum-contaminated soils, mostly fatty acids
15:0 iso, 15:0 anteiso, 16:0, 16:1 w7c, 17:0ai, 18:2w6, 9,
and 18:1w9c were detected. Because the fatty acid
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18:1w9c showed high levels, we may state that it is a
fatty acid specific to the bacteria Pseudomonas spp. We
could not yet reach a clear answer about how to use
bioremediation applications, a new subject in Turkey, for
the elimination of contamination, despite the scientific
efforts made in our research institutions. The present
study will cast light on the solution of a potential problem
in Turkey. In this regard, in medium-level lime, light alkali,
1% (w/w) petroleum-contaminated soils, the highest
petroleum decomposition, that is, 56%, occurs under bio-
augmentation applications in which bacteria mixture is
applied and what should be kept in mind is that the
applied augmentation material consists of local bacteria.

REFERENCES

Atlas RM (1981). Microbial Degradation of Petroleum Hydrocarbons. An
Environmental Perspective Microbial Rev. 45:180-209.

Atlas RM, Bartha R (1992). Hydrocarbon Biodegradation and Oil Spill
Bioremediation — Adv. Microb. Ecol. 12:287-338.

Bailey VL, Peacock AD, Smith JL, Bolton H (2002). Relationships
between soil microbial biomass determined by cloroform fumigation-
extraction, substrate-induced respiration, and phospholipid fatty acid
analysis. Soil Biology and Biochemistry. 34 (9):1385-1389.

Bligh EG, Dyer WJ (1959). A rapid method of total lipid extraction and
purification. Canadian Journal of Biochemistry and Physiology
37:911-917.

Bossio DA, Scow KM, Gunapala N, Graham KJ (1998). Determinants of
soil microbial communities: Effects of agricultural management,
season, and soil type on phospholipid fatty acid profiles. Microb.
Ecol. 36:1-12.

Bundy JG, Paton Gl, Campbell CD (2002). Microbial communities in
different soil types do not converge after diesel contamination. J.
Appl. Microbiol. 92:276-288.

Erdogan EE (2010). Studies a Bioremediation of Crude Oil Polluted Soil
in Laboratory Conditions, Ankara University, Graduate School of
Natural and Applied Sciences, Department of Soil Science, (Ph. D.
Thesis, p:236).

Erdogan EE, $ahin F, Karaca A (2011). Determination of petroleum-
degrading bacteria isolated from crude oil-contaminated soil in
Turkey. Afr. J. Biotechnol. 11(21):4853-4859.

Fierer N, Schimel JP, Holden PA (2003). Variations in microbial
community composition through two soil depth profiles, Soil Biology &
Biochemistry 35:167-176.

Filauro GG, Andreotti G, Arlotti D, Reisinger HJ (1998). Blow out of
Trecate 24 crude oil well: how bioremediation techniques are soluing
a major environmental emergency in a valuable agricultural area. In
contaminated soil 98, Thomas Telford. 98:403-412.

Frostegard A, Tunlid A, Baath E (1993). Phospholipid fatty acid
composition, biomass, and activity of microbial communities from two
different soil types experimentally exposed to different heavy metals.
Applied and Environmental Microbiology 59:3605-3617.

Ghazali FM, Zaliha RN, Rahman A, Salleh AB, Basri M (2004).
Biodegradation of hydrocarbons in soil by microbial consortium. Int.
Biodeter. Biodegrad. 54:61-67.

Guckert JB, Antworth CP, Nichols PD, White DC (1985). Phospholipid,
ester-linked fatty acid profiles as reproducible assays for changes in
prokaryotic community structure of estuarine sediments. FEMS
Microbiol Ecol 31:147-158

Girbliz F, Bagpinar E, Camdeviren H, Keskin S (2003). Tekrarlanan
6l¢iimli deneme diizenlerinin analizi. Van. 120s.Baski: Yizinci Yil
Universitesi. ISBN:975-92253-0-1.

Ibekwe AM, Kennedy AC (1998). Fatty acid methyl ester (FAME)
profiles as a tool to investigate community structure of two
agricultural soils. Plant Soil. 206:151-161.

Jurgensen KS, Puustinen JA, Suortti M (2000). Bioremediation of
petroleum hydrocarbon-contaminated soil by composting in biopiles



Erdogan et al. 008

Environmental Pollution. 107; 245-254.

Kapley A, Purohit HJ, Chhatre S, Shanker R, Chakrabati T, Khanna P
(1999). Osmotolerance and hydrocarbon degradation by a genetically
engineered microbial consortium. Biosour. Technol. 67:241-245.

Keinanen MM, Martikainen PJ, Korhonen LK, Suutari MH (2003).
Microbial community structure in biofilms and water of a drinking
water distribution system determined by lipid biomarkers, Water Sci.
Technol. 47:143-147.

Kishore D, Ashis MK (2007). Crude petroleum-oil biodegradation
eYciency of Bacillus subtilis and Pseudomonas aeruginosa strains
isolated from a petroleum-oil contaminated soil from North-East India.
Bioresour. Technol. 98:1339-1345.

Kneif C, Kolb S, Bodelier PLE, Lindri A, Dunfield PF (2006) The active
methanotrophic community in hydromorphic soils changes in
response to changing methane concentration. Environmental
Microbiology. 8:321-333.

Margesin R, Schinner F (1997). Bioremediation of diesel-oil
contaminated alpine soils at low temperatures. Appl. Microbiol.
Biotechnol. 47:462-468.

Miller 1, Berger T (1985). Bacteria identification by gas chromatography
of whole cell fatty acids. Hewlett-Packard Gas Chromatography
Application Note, Hewlett-Packard Co., Alto, CA. 228-238.

Morgan P, Watkinson RJ (1989). Hydrocarbon degradation in soils and
methods for soils biotreatment. CRC Critical Reviews in
Biotechnology. 8:305-333.

Obire O, Okudo IV (1997). Effects of Crude Oil on a Freshwater Stream
in Nigeria. Discov. Innov. 9: 25-32.

Olsson S, Persson P (1999). The composition of bacterial populations in
soil fractions differing in their degree of adherence to barley roots.
Applied Soil Ecology. 3(12):205- 215.

Parker RJ, Taylor J, (1983). The relationship between fatty acid
distributions and bacterial respiratory types in contemporary marine
sediments. Estuarine Coastal Shelf Sci. 16:173-189

Pelz O, Chatzinotas A, Andersen N, Bemasconi SM, Hesse C, W.R.
Abraham, Zeyer J (2001). Use of isotopic and molecular techniques
to link toluene degradation in denitrifying aquifer microcosms to a
specific microbial population, Archives of Microbiology. 175:270-281.

Peressuttia SR, Alvarez HM, Oscar HP (2003). Dynamics
ofhydrocarbon-degrading bacteriocenosis ofan experimental oil
pollution in Patagonian soil. Int. Biodeter. Biodegrad. 52:21-30.

Pokethitiyook P, Sungpetch A, Upathame S, Kruatrachue M ( 2002).
Enhancement of Acinetobacter Calcoaceticus in biodegradation of
Tapis crude oil. 17th WCSS, Symposium no: 42, paper no.
2309.Thailand.

Porta A, Trovato A, McCarty K, Uhler A, Andreotti G (1998).
Degredation of saturated and polycyclic aromatic hydrocarbons and
formation of their metabolites in bioremediated crude oil containing
sois. In: Alleman, B.C. , Leeson, A. (Eds), In situ and on site
Bioremediation , vol:1. Battelle Press, Columbus, USA. 1:505-510.

Rambeloarisoa E, Rontani JF, Giusti G, Duvnjak Z, Bertrand JC (1984).
Degradation of crude oil by a mixed population of bacteria isolated
from sea surface foams. Marine Biol. 83:69-81.

Ringelberg D, Richmond M, Foley K, Reynolds C (2008). Utility of lipid
biomarkers in support of bioremediation efforts at army sites. J.
Microbiol. Methods. 74(1):17-25.

Rojas-Avelizapa NG, Rodriguez-Vazquez R, Enriquez-Villanueva F,
Martinez-Cruz  J, Poggi-Varaldo HM (1999). Transformer olil
degradation by an indigenous microflora isolated from a
contaminated soil. Resour. Conserv. Recycling. 27:15-26.

Sahin F (1997). Detection, identification and characterization of strains
of Xanthomonas campestris pv. vesicatoria by traditional and
molecular methods, and resistance in Capsicum species to

Xanthomonas campestris pv. vesicatoria pepper race6. The Ohio
State University, 182 p. (Ph. D. Thesis).

$ahin F, Kotan R, Dénmez MF (1999). First report of bacterial blight of
Mulberries caused by Pseudomonas syringae pv. mori in the eastern
Anatolia Region of Turkey. Plant Dis. 83: 1176.

Sasser M (1990). Identification of bacteria by gas chromatography of
cellular fatty acids. Tech. Note. 101. Microbial ID, Newark, DE.

Sextone AJ, Everett K, Jenkins T, Atlas R (1978). Fate of crude and
refined oils in North slope soils. Arctic. 31:339-347.

Song HG, Bartha R (1990). Effects of jet fuel on the microbial
community of soil. Appl. Environ. Microbiol. 56: 646-651.

Steffan R, Mccloy JK, Vainberg S, Condee C W, Zhang D (1997).
Biodegradation of the Gasoline Oxygenates Methyle tert-Butyl Ether,
Ethyl tert — Butyl Ether and tert — Amyl Methyl Ether by Propane-
Oxidizing Bacteria. Appl. Environ. Microbiol. 63(11):4216-4222.

Venosa AD, Stephen JR, Macnaughton SJ, Chang Y, White DC (2000).
Microbial population changes during bioremediation of an experiment
al oil spill. In Microbial Biosystems: New Frontiers ed. Bell, C.R.,
Brylinsky, M. and Johnson-Green, P. pp. 767-773. Halifax:Atlantic
Canada Society for Microbial Ecology.

White DC, Stair JO, Ringelberg DB (1996b). Quantitative comparisons
of in situ microbial biodiversity by signature biomarker analysis. J.
Ind. Microbiol. 17:185-196.

White DC, Pinkart HC, Ringelberg DB (1996a). Biomass
measurements: biochemical approaches. In Manual of Environmental
Microbiology. 1st edn. Hurst, C.J., Knudsen, 169 G.R., Mclnerney,
M.J., Stetzenbach, L.D., and Walter, M.V. (eds). Washington DC:
American Society for Microbiology Press, pp. 91-101.

Winer BJ, Brown DR, Michels KM (1991). Statistical Principles in
Experimental Design. ISBN: 0-07-070982-3. 3:1057.

Zelles L, Bai QY, Beck T, Beese F (1992). Signature fatty acids in
phospholipids and lipopolysaccharides as indicators of microbial
biomass and community structure in agricultural soils. Soil Biol.
Biochem. 24: 317-323.



