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ABSTRACT

The main aim of this study is to isolate, screen and identify the most
potent oil degrading bacteria (ODB) isolated from oil base mud (OBM) waste
resulted from group of selected oil and gas drilling and exploration wells.
Another aim is to determine the metabolic fingerprint of the most potent
ODB. To achieve these aims, eleven samples from the waste of oily base mud
were collected from different drilling sites at western desert. Total bacterial
counts at 22 oC and 30 oC were determined for giving a full picture about the
presence of natural bacterial flora in the collected samples. Moreover, ODB
were determined on oil agar media containing 0.1% oil (V/V) using spread
plate method. The results showed that, the average of total bacterial counts at
22 oC and 30 oC were 1.4x104 and 1.6x104 CFU/g, respectively. Moreover,
the oil degrading bacteria (ODB) counts were fluctuated between 1.0x102
and 6.1x103 CFU/qg in all collected samples. After six screening steps, the
most potent oil degrading bacteria were identified using BIOLOG as follows
Enterobacter hormaechei, Enterobacter cloacae and Bacillus subtilis. The
only difference in the metabolic fingerprints view between two bacterial
strains that, Enterobacter hormaechei (H17) are able to utilize D-serine while
and Enterobacter cloacae (H32) not. It can be concluded that, metabolic
fingerprints of the most potent oil degrading bacteria provide full information
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about the microbial metabolic activities that may be helpful in determination
of favorable conditions which aid in biodegradation experiments.

Keywords and phrases: Oil base mud (OBM), drilling waste, Oil Degrading
Bacteria (ODB), western desert, Egypt.

INTRODUCTION

The Egyptian oil and gas industries provide power and main chemicals
for houses, manufactures, and transportations, and so have a very important
role in the Egyptian economy. It supplies around 87% of Egypt's primary
energy and accounts for about 35% of Egypt's export revenues (EIA, 2013).

Egypt is the biggest oil producer in Africa not a member in the
Organization of the Petroleum Exporting Countries (OPEC) and the second-
biggest natural gas producer on the continent, but Egypt also has the third
largest population in Africa according to the World Bank (WBD, 2015 and
EIA, 2015). Because of the population; Egypt also is the largest oil and
natural gas consumer in Africa, with about 20% of petroleum and other
liquids consumption and 40% of dry natural gas consumption in Africa in
2013. Egypt's total main energy consumption was 1.7 million barrels per day
(b/d), according to the (BP, 2014).

The Western Desert of Egypt covers two thirds of the whole area of
Egypt, and is considered the most productive petroleum region in Egypt.
Many studies refer that approximately 90 % of oil and 80 % of gas reserves
have not yet discovered in the Western Desert (EGPC 1992). The coastal
basins (Matruh, Shushan, Alamein and Natrun) located in the Northern area
of the Western Desert 75 kilometers to the southwest of Matruh City cover an

area of about 3800 Km2 which makes the main part of the unstable shelf. It is
2 Vol .43, No.2, Spt. 2018



EI-Noubi, et al

located northeast-southwest trending basin. This basin is characterized by its
great oil and gas accumulations and its oil productivity about 45,000 BOPD
from 150 producing wells in 16 oilfields. This represents more than 33% of
the oil production from the Northern Western Desert of Egypt (EGPC, 1992).

Over time, the oil well drilling industry has basically made use of two
types of drilling fluids, namely, water-based muds (WBMs) and oil-based
drilling muds (OBMs). On the one hand, due to the lower costs and ease of
formulation, WBMs are most commonly used as drilling fluids. On the other
hand, the OBMs regardless of being more costly compared with their water
based rivals; OBMs have the advantage of being able to drill through
formations containing water swell-able clays. To formulate these OBMs,
diesel oil is used as the base fluid primarily because of its viscosity
characteristics, low flammability, and low solvency for rubber (Bourgoyne et
al., 2003). All this petroleum-based oils used for drilling mud contain
relatively large amounts of aromatics and at least a substantial concentration
of n-olefins both of which may be harmful or toxic to animal and plant life
(Dardira et al., 2014). However, most great impacts arise from the discharge
of wastes into the environment in concentration that is not naturally found in
such environment. The wastes created during hydrocarbon production can be
largely divided into liquids (i.e produced water & oil) and solids (i.e drilling
muds & cuttings) (Ferrari et al., 2000).

In general, drilling wastes include formation cuttings and drilling fluids
(drilling Muds) with different kinds of chemical additives depending on the
type of the drilling fluid that have been used. When oil-based or synthetic-
base drilling fluids are used, the hydrocarbon content in the discharged
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cuttings will be of 10 to 15 % beside some of other residual weighting
materials. These cuttings need specialized treatment before the appropriate
disposal (Al-Joubori and Abd Al-Razag, 2008).

Operators have employed a variety of methods for managing these
drilling wastes depending on what federal regulations allow and how costly
those options are for the well in question. These include land application
(Onsite Burial and Land farming), underground injection, Incineration,
thermal treatment, and biological remediation (Onwukwe and Nwakaudu,
2012).

Biological treatment processes are currently in popularity as appropriate,
cost-effective and performance-effective technology to classify numerous
environmental pollution problems. One of the efficient and environmental
friendly procedures used in oily waste treatment is the use of biological
agents such as petroleum hydrocarbon degrading microbes which are known
as bioremediation process (Helmy and Kardena, 2015)

Therefore, this study aims to isolate, screen and identify oil degrading
bacteria isolated from oil base mud. Moreover, to assess the phenotypic
characteristics and metabolic fingerprint for this oil degrading bacteria to give
a complete picture on the survival, distribution and behavior of these

microorganisms that will be used in further studies for biodegradation.

MATERIAL AND METHODS
Eleven oil base mud wastes were collected from different sites in Abu
Sennan, ElI Alamein, Qattara Depression, Burg El Arab, Marina, and El

Hamra. All these sites are located at western desert, Egypt. The samples were
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preserved in ice box and transferred to the laboratory according to (APHA,

2017) for bacteriological examination.

1. Enumeration of total bacterial counts:Enumeration of total bacterial
counts was carried out at two different incubation temperatures (220C and
30°C). Total bacterial counts were determined by using pour plate method
according to (APHA, 2017). Totally 10 g of each sample was suspended in
90 ml sterile distilled water and vortex for 5 min. Then ten fold serial
dilutions from each suspension were done. One ml from suitable dilution
was plated on plate count agar medium (Difco™) in a sterile Petri dish.
The plate count agar medium supplemented with 50 pg/ml nystatin to
inhibit fungal growth (Williams and Gray, 1973). Two plates were
incubated at 30+0.5°C for 24 h and one un-inoculated plate served as a
control. Also, two plates were incubated at 22+0.5°C for 48 h and un-
inoculated plate served as a control. After the incubation period, all plates
were counted with the use of digital colony counter.

2. Enumeration of Oil Degrading Bacteria (ODB): ODB were enumerated
using spread method on oil agar (OA) medium (ljah and Antai, 2003). The
oil was purchased from Cooperative Company for petrol (CoOP) in Egypt.
Oil agar (OA) medium was prepared and its pH was adjusted before
sterilization. After oil sterilization, one mL from oil was added as a sole
carbon source into one liter of sterilized oil agar medium. The media was
poured in sterile Petri dishes; 0.1 mL of the serially diluted oil base mud
sample was spread on the surface of media. The plates were incubated at
30°C for 5 days before taking the counts (ljah and Antai, 2003).
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3. Isolation and Purification of Oil Degrading Bacteria (ODB): Oil
degrading bacterial colonies on oil agar (OA) surface medium were picked
and purified by re-streaking twice times on the same culture agar medium
(OA) before storage at -20°C on tryptic soy broth (TSB) (Difco™) for
further screening.

4. Screening of oil degrading bacterial (ODB) isolates: The ability of the
bacterial isolates to utilize oil as source of carbon and energy was
determined according to (Okpokwasili and Okorie, 1988). 0.1 mL from the
TSB culture (Difco™) of fresh degrading isolates was inoculated into test
tube containing 10 mL of sterile mineral salts medium (MSM) of Bushnell
and Haas (Luning and Pritchard, 2002; Xia et al., 2006), then added 0.1%
(V/V) oil. Control test tube was prepared by using 10 mL of MSM with
0.1% (V/V) oil, but had no added bacteria. The screening was repeated
with the same method at different oil concentrations 0.2, 0.3, 0.4, 0.5 and
0.6% (V/V). The tubes were incubated at room temperature for five days
according to (Das and Mukherjee, 2007). The oil degrading bacterial
growth was assessed by streaking on surface of oil agar (OA) media and
plate count agar from the previously inoculated MSM media with tested
isolates. The oil agar and plate count plates were incubated at 30°C for 5
days and 24 h, respectively.

5. Phenotypic identification of the most three potent oil degrading
bacterial (ODB) isolates using BIOLOG GEN IlI: After the six

screening steps, the most three potent oil degrading bacteria that are able
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to degrade the highest oil concentrations were identified using BIOLOG
GEN 111 as phenotypic.

BIOLOG GEN Il is considered as suitable tool for phenotypic tests that
contain 71 carbon source and 23 chemical sensitivity assays on a microplate
in one shot. The test panel provides a phenotypic fingerprint of the tested
microbes.

Preparations of the three stocked oil degrading bacterial isolates for
phenotyping identification were carried out according to (El-Liethy et al.
2018). Isolates which previously kept in 10 % glycerol in -200C were
inoculated into Tryptic Soy Broth (TSB) and incubated at 37 °C for 24 h. A
loopful of the 24 h culture was streaked into Tryptic Soy Agar (TSA) (BD,
Germany) plates and incubated at 37 °C for 24 h. Following incubation, a
single colony was picked using a sterile disposable inoculator swab and
inoculated into 10 ml of inoculating fluid (IF-A) (Biolog Inc., USA). The
inoculated IF-A was dispensed into 96 wells of a microplate (100 pl per well)
using a multichannel repeating pipettor. The microplate was incubated at 37
°C for 24 h. The tetrazolium violet as a color indicator was responded to the
metabolic processes by changing from colorless into purple in the positive
wells. The results were read after 6 and 24 hours of incubation. The reading
was carried out automatically by the computerized MicroStation™ system
(Biolog Inc., USA) with the fingerprint data which was previously fed into
the software (OmniLog® Data Collection) and used to identify the bacteria
from their phenotypic patterns in the GEN 111 MicroPlate.
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RESULTS AND DISCUSSION

1) Enumeration of total bacterial counts and oil degrading bacteria from
oil base mud samples: In this study, total bacterial counts were
enumerated at two incubation temperatures (22°C and 30°C) in the
collected oil base mud samples for providing a complete picture about
presence of the natural bacterial flora in the samples. It was observed that,
total bacterial counts at 22°C were higher than that at 30°C in oil based
mud samples (Table 1 and Figure 1). This means that temperature at 22°C
was the most suitable temperature for natural bacterial growth.

The average of total bacterial counts at 22°C and 30°C were 1.4x10* and
1.6x10* CFU/g, respectively. The minimum counts of total bacteria were
observed at site 5. Otherwise, the highest counts of the total bacteria were
observed at site 8 at both 22°C and 30°C (Table 1 and Figure 1). In another
study carried out by (Imarhiagbe and Atuanya, 2014), they determined the
total bacterial counts by pour plate method in drill mud samples. They found
that, the mean of the total bacterial counts ranged between 5.4x10°> CFU/g
and 7.23x10° CFU/g. The highest recorded drill mud utilizing bacterial counts
was 7.7x10° CFU/g for medium amended with water based mud while the
least drill mud utilizing bacterial counts (3.1x 10> CFU/g) was recorded for
medium amended with non-aqueous drilling mud. The total bacterial count at
37°C in sediment samples collected from highly oil polluted area in Isamlia
Canal were fluctuated between 4.9x10% and 3.7x10° CFU/g. Moreover, The
TBC at 22°C was fluctuated between 2.7x10* and 5.4x10° CFU/g (Yossef,
2010).
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2) Enumeration of Oil Degrading Bacteria (ODB):

In this study, oil degrading bacteria counts (ODB) were determined by
using surface plate method on oil agar (OA) media in oil base mud samples
collected from eleven sites located at Eastern desert, Egypt. The ODB counts
were fluctuated between 1.0x10? and 6.1x10° CFU/g (Table 1 and Figures 1
and 2). The highest ODB counts were observed at sites 6, 7 and 8. In another
study by (Balogun et al., 2014), they found that the total bacterial counts in
auto-mechanic workshops samples ranged from 1.0x10° to 2.8 x10° CFU/g.
Moreover, total oil degrading bacterial counts varied between 4.0 x 10° and
2.0 x 10° CFU/g. (Yossef, 2010) found that, the average of the count on OA
over the period of one year for sediment samples collected from Ismailia
Canal as River Nile Branch was 4.3x10* CFU/g.

In some studies, it was found that higher ratios of oil degrading bacteria
to total bacterial counts in the active Ekofisk oil field of the North Sea. These
may be due to the occurrence of oil pollutants in the sediment of this region
(Oppenheimer et al., 1977; Atlas, 1981; Yossef, 2010, El-Liethy et al., 2017).
In that study the percentages of ODB in total bacterial counts at 30°C ranged
between 3.0 to 90%. Sampling site (4) contains the higher percentage (90%)
of ODB followed by site (1) contains 59% ODB in total bacterial counts
(Table 1).

Statistically, there was positive highly significant correlation between
total bacterial counts at 22°C and ODB counts (P>0.01). Moreover, there was
positive significant correlation between total bacterial counts at 22°C and at
30°C (P>0.05). Also, there was positive significant correlation between total
bacterial counts at 30°C and ODB counts (P>0.05).
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Table(1) : Total bacterial count (CFU/g) at 22 oC and 30°C and oil degrading
bacteria (CFU/g) at 30°C in oil based mud samples.

Sample Total bacterial count Qil de_grading % of ODB _in
number (TBC) (CFU/g) at bacteria (ODB) total bacterial
220C 300C (CFU/g) at 300C count at 300C
S-1 2.6x103 1.1x103 6.5x102 59
S-2 9.9x104 3.0x103 9.0x102 30
S-3 1.8x104 9.1x103 6.3x102 7.0
S-4 3.0x103 1.0x103 9.0x102 90
S-5 1.2x103 5.0x102 1.0x102 20
S-6 2.9x105 4.5x104 2.3x103 5.0
S-7 3.0x105 4.8x104 5.2x103 11
S-8 8.0x105 6.0x104 6.1x103 10
S-9 2.6x104 4.8x103 9.0x102 19
S-10 2.8x104 9.6x103 2.5x102 3.0
S-11 2.0x104 4.0x103 6.1x102 15
Min. 1.2x103 5.0x102 1.0x102 20
Max. 8.0x105 6.0x104 6.1x103 10
Average 1.4x104 1.6x104 1.6x103 10
B TBC at 220C B TBC at 300C 0O oDB
1000000 -
:\:? 10000 -
e
§ 100 -+

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site Site
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Figure(1): Total bacterial counts (TBC) at 220C and 300C and Oil Degrading
Bacteria (ODB) (CFU/qg) in the collected oil base mud samples
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Figure (2): Average counts of total bacteria at 220C and 300C and oil
degrading bacteria in oil base mud samples
3) Isolation and screening of oil degrading bacteria (ODB) from oil base
mud samples: In this study, forty five oil degrading bacterial isolates were
purified and screened six times on different oil concentrations (0.1, 0.2,
0.3, 0.4, 0.5, and 0.6 (V/V) (Tables 2 and 3). After first screening step, 34
out of total 45 (75.5%) oil degrading isolates were able to grow on media
containing 0.1(V/V) oil. After second screening step, 30 out of total 45
(66.6%) oil degrading isolates were able to grow on media containing 0.2
(VIV) oil. After third screening step, 19 out of total 45 (42.2%) oil
degrading isolates were able to grow on media containing 0.3 (V/V) oil.
After forth screening step, 11 out of total 45 (24.4%) oil degrading isolates
were able to grow on media containing 0.4 (V/V) oil. After fifth screening
step, only 9 out of total 45 (20%) oil degrading isolates were able to grow
on media containing 0.5 (V/V) oil. Finally after six screening step, three
oil degrading bacterial isolates were selected as the most efficient oil

degrading bacteria coded H17, H32 and H43 and able to grow on media
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containing 0.6 (V/V) oil (Tables 2 and 3, figure 3). (El-Liethy et al., 2017)
found after four frequent screenings, oil degrading bacteria were identified
out of 225 isolates. They found the most potent oil degrading bacteria was
Pseudomonas aeruginosa, Coronobacter sakazakii, klebsiella oxytoca and
Bordetella bronchispetica consequently. The results demonstrated that, the
increase in oil concentration leads to decrease the number of oil degrading
bacterial isolates in screening steps. This coincides with (Rambeloarisoa et
al., 1984) who reported that, the degradation is inversely proportional to
the concentration of oil. (Zhang et al., 2005) found that, the initial
concentration of 0.7 g/L in mineral salt medium in the presence of 1 g/L
glycerol and 0.22 g/L rhamnolipids led to 58 and 60% degradation of oil,
respectively. Also, (Sun et al., 2009) declared that, a quite fast degradation
present with low concentration of oil, while in case of increasing of oil
concentrations, the biodegradation rate becomes slower then suppressed.
Table (2): Number and percentage of positive oil degrading bacterial isolated

after six screening steps at different oil concentrations

Qil Concentrations screening steps (V/V)

g%%l First Second Third Fourth Fifth Sixth
isolates |—(©-1) (0.2) (0.3) 04) | (05 | (06)

+ | % |+ | D |+ ] W | +] Y |+ ||+ ]| %

45 34 | 755|130 |666 |19 (422 |11 [|244 |9 | 20| 3 |6.6
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Six screening oil degrading bacterial isolates
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Figure (3): Number of positive oil degrading bacterial isolated after six
screening steps at different oil concentrations
Table (3): Six screening steps of oil degrading bacteria on oil agar media
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Table (3): Continue. Six screening oil degrading bacteria on oil concentration

Isolates Oil concentrations (V/V)

code 0.2 0.3 0.4 0.5 0.6

o
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1
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1. Phenotypic identification and metabolic fingerprint of the three oil
degrading bacterial (ODB) isolates using BIOLOG GEN I11: Recently
great attention has been focused on the application of the BIOLOG GEN
Il system for the identification, confirmation and characterization of over
2900 species of bacteria, yeasts and fungi (Sandle et al., 2013). BIOLOG
are able to identify the microorganisms at species level and test 94 carbon

and chemical sources on a microplate in one shot (El-Liethy, et al., 2018).
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This system can also give phynotyping metabolic fingerprint and full
picture only after incubation period extended from4 to 24h (Park and Rafii,
2014).

In the present study the three oil degrading bacterial isolates that are able
to grow on the highest oil concentrations (0.6 (V/V)) were purified and
screened several times. The three oil degrading bacterial isolates were
identified and the metabolic fingerprints also were determined using
BIOLOG GEN Il instrument. These strains H17, H32 and H43 were
identified as Enterobacter hormaechei, Enterobacter cloacae and Bacillus
subtilis, respectively.

The metabolic fingerprints for the three identified were carried out by
automated comparing the previously feed data Ominolog system. Figures (4,
5 and 6) illustrate the metabolic fingerprints for the three identified strains,
Bacillus subtilius (H43), Enterobacter hormaechei (H17) and Enterobacter
cloacae (H32). Enterobacter hormaechei (H17) and Enterobacter cloacae
(H32) slightly had the metabolic fingerprints patterns. Both Enterobacter
hormaechei (H17) and Enterobacter cloacae (H32) were able to grow and
confirmed utilizing the following carbon sources and chemical substrates;
Gentiobiose, growth at pH 6, growth at pH 5, D-Sallcin, N-Actyl-p-D-
Mannosamine, growth at 1% NaCl, growth at 4% NaCl, D-Galactose, 3
Methyl Glucose, L-Rhamnose, Inosine, 1%Sodium Lactate, Fusidic Acid,
Glycerol, D-Glucose 6-PO4, D-Fructose 6-PO4, Troleandomycin, Rifamycin
SV, Minocycline, Glycyl-L-Proline, L-Alanine, L-Aspartic Acid, L-Glutamic
Acid, L-Histidine, L-Serine, Lincomycin, Guanidine HCI, Niaproof, D-
Galacturonic, D-Gluconic Acid, D-Glucuronic Acid, Mucic Acid, D-Sccric
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Acid, Vancomycin, Tetrazollum Violet, Tetrazollum Blue, P-Hydroxy-
Phenylacetic Acid, Methyl Pyruvate, L-Lactic Acid, Citric Acid, L-Malic
Acid and Acetic Acid.

The only difference in the metabolic fingerprints view between two
bacterial strains that, Enterobacter hormaechei (H17) are able to utilize D-
serine while and Enterobacter cloacae (H32) not (Table 4 and Figures 4 and
5). Bacillus subtilius (H43) was able to grow and confirmed utilizing the
following carbon sources and chemical substrates; Dextrin, D- Maltose, D-
Trehalose, D- Cellobiose, Gentiobiose, Sucrose, D- Turanose, able to grow at
pH 6 and pH 5, D-Raffinose, B-Methyl-DGlucoside, D-Sallcin, able to grow
at 1, 4 and 8% NaCl, D-Fractose, 1%Sodium Lactate, D-Sorbitol, D-
Mannitol, Myo-inostol, Glycerol, Gelatin, L-Alanine, L-Aspartic Acid, L-
Glutamic Acid, L-Histidine, Pecin, D-Galacturonic, D-Gluconic Acid, Mucic
Acid, D-Scchric Acid, L-Lactic Acid, Citric Acid, L-Mallc Acid, Lithium

Chloride, Potassium Tellurte, Acetoacetic Acid, and Aztreonam (Table 4 and

figure 5).
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Figure (4): Metabolic fingerprints of Enterobacter hormaechei (H17 strain)
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Figure (5): Metabolic fingerprints of Enterobacter cloacae (H32 strain)

Organizm T ppe GH-Ent

Farnily E nterobacteriaceas
Species E nterobacter hormaechei
Pratocal Ly

—Average bMasimum Foszsitive [Graphic wath 200720 Cutoff]
12 3|4 5 8678|9101 12|

I @ |/mim|go 0|m =

0|9/0|0/0[00|0

0000000
0006000006

0000060006

8020000
0|00/8/0/00|0

000000080

00060008

00000080

0|9/000000

00000000

00000000

Figure (6): Metabolic fingerprints of Bacillus subtillis (H43 strain)
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Cont. Table (4): Metabolic fingerprints of the three potent oil degrading
bacterial strains using BIOLOG
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CONCLUSION
Totally 45 oil degrading bacteria were isolated from oil base mud
samples. About 3-90% of total bacterial counts contain oil degrading bacteria.
The three potent oil degrading bacteria were identified as Enterobacter
hormaechei, Enterobacter cloacae and Bacillus subtilis. The metabolic
fingerprints including 94 carbon and chemical sources on a microplate in one

shot were carried out as very useful tools for further experimental studies.
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