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ABSTRACT

This study was conducted to identify the viabil-
ity of Bacillus thuringiensis bacterial on a bio-
degradation process for Kirkuk light crude oil.
The viable count of Bacillus thuringiensis showed
great capability on the biodegradation of crude
oil. These bacteria exhibit the ability to disman-
tle crude oil through clear emulsion layer of
crude oil. And they have a good efficiency to dis-
mantle hydrocarbon compounds by 80%, and
total biomass reaches to 5 g/l, while the amount
of emulsion reaches to 2.3 g/l. For more evi-
dences on the biodegradation action of Bacillus
thuringiensis which have been supported by
using the technology of gas-Chromatography
which confirms the occurring of biodegradation
process. The visual examination of gas-Chro-
matography shows the disappearance of a num-
ber of chemicals, as well as decrease in peak
area for some material.

Keywords: Bacillus thuringiensis; Crude Oil;
Biodegradation; Pollution

1. INTRODUCTION

Crude oil constitutes a major source of pollution in our
environment [1]. And its accidents nowadays have be-
come a common phenomenon and caused ecological and
social catastrophes [2], and reported to influence the bio-
diversity, distribution and pollution of Microorganisms in
an environment [3].

In the last two decades, there have been increased pub-
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lic concerns on the adverse effect of oil exploration on
the environment. The toxic effects of crude oil and re-
fined petroleum oils on plants, animals, humans and the
environment are devastating [4]. Oil pollution persis-
tence and its transport in water, subsoil and groundwater
aquifers are monitored to predict impacts, assess the im-
pacts and audit such effects with a view to mitigate the
impacts. Environmental monitoring of petroleum hydro-
carbons pollution ranges from specific methods, such as
the use of radio-active labeled compounds to general
methods including quantifying gross contamination and
evaluating the extent of change caused in the environ-
ment by the presence of the pollutant [5].

Microbial degradation is the major and ultimate natu-
ral mechanism by which one can cleanup hydrocarbon
pollutants from the environment [6,7].

Biodegradation is the metabolic utilization of organic
compounds by microorganisms which require oxygen,
nutrients, water and specified physico-chemical condi-
tions such as moderate temperature and pH [8].

Microbial populations increase rapidly in the water
after an oil spill. Oil spilt on the ground can rapidly dis-
appear completely under optimal conditions often within
a year or two as a result of microbial oxidation of the
hydrocarbons. Consequently it may be useful to employ
the natural microflora in cleaning-up of oil spills [9].

Several hundred species of yeasts, moulds, bacteria
and actinomycetes are now known to possess the capac-
ity to oxidize hydrocarbons. Since biodegradation is a
natural process, it has many advantages with few eco-
logical side effects: it is relatively inexpensive with low
energy requirements and it can be carried out without
elaborate equipment [10]. In addition, it is cheaper than
other remediation technologies and believed to be non-
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invasive and relatively cost-effective [11].

Bacteria have the ability to exploit carbon compounds
in oil as a necessary source of energy [10], and have
large capability to adapt to the environment that live in it
by using its own special enzymatic system, so it is wide-
spread compared to other microorganisms [12]. The aim
of this study was to explore efficiency of Bacillus thur-
ingiensis in biodegradation of light crude oil.

2. MATERIAL & METHODS
2.1. Culture Media

2.1.1. Mineral Salt Medium (MSM)

This media was used for growth of bacterial isolate
that used in the experiment which consists of: 1 g (NaCl),
1 g (KHyPO,), 1 g (Na,HPO,), 0.5 g (NH4NO3), 0.5 g
((NH4),S0y), 0.2 g (MgS0O,-7H,0), 0.02 g (CaCl,-2H,0),
0.002 g (FeCls), 0.002 g (MnSQ,4-2H,0), which all dis-
solve in 1 Liter of distilled water and pH has been justify
to 7 and sterilizes by autoclave [13].

2.1.2. Modified Mineral Salt Medium (MMSM)

This media was used to encourage oil emulsion proc-
ess which leads to oil degradation. This media consist of:
g (CaCl,-2H,0), which all dissolves in 1 Liter of distilled
water and pH has been justify to 7 and sterilizes by auto-
clave [14].

2.1.3. Lactose-Broth

This media was used to activate the preserved bacte-
rial isolate, this media consist from: 10 g (Tryptone), 5 ¢
(yeast extract), 5 g (NaCl), 1 g (Glucose), which all dis-
solve in 1 Liter of distilled water and pH has been justify
to 7.2. then, 25 ml from this solution transferred to con-
tainers and sterilizes by autoclave [15].

2.1.4. Nutrient Agar

Nutrient agar prepared by dissolving 9.2 g of Agar
powder in 400 ml of Distilled Water as mentioned in kit
instruction of Oxoid Company (England). This medium
was used for growth of bacterial isolate to count their
numbers.

2.2. Study the Morphological Changes of
Crude Oil Degradation by Bacterial
Isolate

Mineral Salt Medium (MSM) was used for growing of
B. thuringiensis bacteria, 50 ml form Mineral Salt Me-
dium was transfer to conical flasks (3 replicates). Then
the MSN were cooled and sterilized, after that 2 ml from
crude oil and 2 ml from bacteria broth were added.
Flasks were incubated at 30°C for 27 day [16].

Copyright © 2013 SciRes.

2.3. Viable Count of Bacteria Isolate

A series of dilutions were done by dissolving 0.1 g of
bacteria in 10 ml of liqguid MSM. 0.1 ml from the 7th
dilution spreads on plates of nutrient agar Medium, and
the plates were incubated in 30°C. Viable count was cal-
culated after the inoculation directly (Zero Time) up to 4
week. The viable count was calculated for growing bac-
teria colonies by Italian Colony Counter [17].

2.4. Estimate the Amount of Bioemulsion
Produced by Bacteria

Three bottles contain 50 ml of sterile liquid MMSM
had been inoculated by bacterial isolate, then 2 ml of
crude oil were added, the bottles were incubated in vi-
bration incubator in 30°C at 150 r/min for 27 days. The
emulsion amount was estimated by expelled samples by
centrifuge at 12,000 r/min for 30 minutes. Then the clear
layer (represented the amulsion) was pulled by syringe
carefully. pH was adjusted to acidic value (2) and left for
24 hours at 4°C. The filtrate layer was transferred to a
separating funnel and then added chloroform and metha-
nol solvent. Finally, to get rid of the solvent, the extract
was put in the oven at 45°C - 40°C until it dries. The
dried extract was weighted which represents the amount
of emulsion expressed in grams [18].

2.5. Measuring the Quantitative Loss
Percentage of Crude Oil Using Bacteria

Measuring the Quantitative loss percentage of crude
oil using bacteria by non-specialized chemical methods
and tested the ability of bacterial isolate for the degrada-
tion of crude oil and was done by two ways.

2.5.1. Account of Biomass

After bacterial isolate were grow on the activation
medium for 24 hours, 50 ml of sterile liquid MSM was
inoculated by bacterial isolate in conical flask, then
added 2 ml of crude oil (Three replicate). Flasks were
placed in vibration incubator at 150 r/min in 30°C for 27
days. The bacterial broth put in a special tube and then
expelled by Centrifuge at 12,000 r/min for 30 minutes to
precipitate the bacterial cells. Cells were extracted with a
mixture of acetone and hexane 1:3 to rid it of hydrocar-
bons that adherent with it. Cells were dried at 105°C for
24 hours in a thermal oven. Finally, dry weight method
was used to estimate the weight of the biomass [19].

2.5.2. Account the Quantitative Loss of Crude QOil
as a Result of the Growth of Bacterial
Isolate

The pure bacterial isolate was inoculated in conical
flasks contain 50 mil sterile liquid MSM, and 2 ml of
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crude oil were added, Then incubated in the vibration
incubator at 30°C in 150 r/min for 27 days and by three
replicates, then expelled by Centrifuge at 12,000 r/min
for 30 minutes to precipitate the bacterial cells. After
sedimentation of cells the filtrate collected with hexane
extract and then adding a few drops of hydrochloric acid
to reach pH to 2. Hydrocarbons extracted by adding
Chloromethane solvent after putting the filtrate in a
separating funnel to separate the water layer from hydro-
carbons. The Hydrocarbons extract was filtrated through
filter paper that contains anhydrous sodium sulfate
(Na,S0,) as dryer factor, the Hydrocarbons extract was
collected in a clean beaker, and then the solvent was

evaporated in room temperature using a rotary evaporator.

The Hydrocarbons extract was weighted to calculate the
remaining weight of hydrocarbons, this procedure was
returned by using a control sample, and the percentage
rate of this degradation was determined by the equation
below:

remainder weight

of the ceude oil
PRD CO = Weight of crude <100

oil of control sample

PRDCO = Percentage Rate of Degradation of Crude
Oil [20].

2.6. Detection the Degradation of Crude Oil
by Specialized Chemical Methods Using
a Technology of Gas-Chromatography

Bacterial isolate was inoculated in 50 ml of sterile lig-
uid MSM in conical flask after it’s grown on the activa-
tion Medium for 24 hours, and then 2 ml of crude oil
were added (three replications). Flasks was incubated in
the vibration incubator at 150 r/min at 30°C for 27 days,
the bacterial broth transfer to a special tube, then ex-
pelled by Centrifuge at 12,000 r/min for 30 minutes to
precipitate the cells, Then the filtrate was dissolved with
Hexane 1:1. After that, the filtrate was dried by using a
rotary evaporator at 80°C. The final sample (filtrate)
which represents the remainder of the hydrocarbons was
tested by Gas-Chromatography device that equipped by
the Shimadzu Japanese Company, Model 2014 using
Chromatography separation column type (Capillary col-
umn CPSIL5-CB). The resulted areas were calculated by
equation bellow to estimate the amount of hydrocarbons
remaining after microbial degradation [18]:

area = % Base x height

Remaining Percentage of hydrocarbons = (sample area)/
(total area) x 100

Copyright © 2013 SciRes.

3. RESULTS & DISCUSSION

3.1. Morphological Changes in Crude Qil
Degraded by Bacterial Isolate

The results shows superficial changes in the layer of
light crude oil due to the growth of bacterial after incu-
bation period for 27 days at 30°C, the layer was shifted
in mass of crude oil to gelatinous mass and loss its
strength and emulsification, compared to a control sam-
ple (Plate 1). This proves the ability of the bacteria in
degradation of crude oil as a result of production of bio-
emulsions [21-23].

The conglomerate of crude oil in form of gelatinous
mass is called pseudo-solubilization, and it occurs as a
result of the accumulation of Emulsifying agents which
scatter the oil in the form of small droplets that spread
and form emulsion (Plate 2). According to Kosaric [16]
these materials are characterized by: biodegradability,
generally low toxicity, changing surface active phenom-
ena, such as lowering of surface and interfacial tensions,
wetting and penetrating actions, spreading, hydro-phylic-
ity and hydrophobicity actions, microbial growth en-
hancement, metal sequestration and anti-microbial ac-
tion.

3.2. Viable Count of Bacteria That Degraded
Crude Qil

Increasing numbers of bacteria with the progress of
time is considering one of the methods that used to de-
termine the extent of their ability to adaptation and deg-
radation of crude oil compounds [8]. The total number of

(@) (b)

Plate 1. Morphological changes of crude oil degraded by B.
thuringiensis that incubated at 30°C for 27 days on liquid MSM.
(a) Control sample; (b) Treated sample with B. thuringiensis.
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@ (b)

Plate 2. Morphological changes of crude oil degraded by B.

thuringiensis that incubated at 30°C for 27 days on liquid MSM.

(@) Control sample; (b) Scattered of crude oil in the form of
small droplets that spread and form emulsion by action of B.
thuringiensis.

viable count has been continually increased over the four
weeks where it was impossible to determine their num-
bers after the third week due to the high density, so the
viable count was increased with incubation time (Table
1).
This may be due to the availability of oil compounds
that were subjected to bacterial decomposition, which are
considered a food source to the bacteria [24,25], because
the crude oil gives bacteria a source of carbon and energy
[10] and also to adapt the bacteria to an environment that
contaminated with crude oil [26], and to the presence of
bacterial enzymes [27]. These enzymes enable microor-
ganisms to combust the hydrocarbons. The genetic ma-
chinery needed to make these oil-degrading enzymes is
most commonly found in bacteria (although many fungi
and some other organisms can also degrade oil). The
bacterial cell then harnesses the released energy by de-
grading the compounds to support its own life processes.
The situation is exactly analogous to the way our bodies
break down the chemical energy in food to provide the
energy and raw materials for maintenance, growth, and
repair of our tissues [28].

There are many different varieties of hydrocarbons,
and over millions of years, bacteria has evolved catalytic
machines (enzymes) that are specific for particular deg-
radation reactions. Some of the simpler compounds can
be degraded by a very wide variety of bacteria, but the
ability to degrade other compounds (hydrocarbons, for
example) is found in fewer species. No one bacterium
can make all the different enzymes, instead; each kind of
bacterium specializes in a few hydrocarbons as preferred
food sources [29].

Most microbial oil degradation occurs by aerobic res-
piration, in other words, the oil-degrading microbes breathe
oxygen and burn oil hydrocarbons just as humans breathe

Copyright © 2013 SciRes.

oxygen and burn food for energy. In the absence of oxy-
gen, microbes have other mechanisms to degrade hydro-
carbons for energy. Biodegradation of oil constituents
without oxygen (i.e., under anoxic conditions) is much
slower but anoxic processes may be relevant to the long-
term restoration efforts (e.g., in oil contaminated salt
marsh environments). From the human point of view, the
microbes is degrading or breaking down the oil, which
results in cleaning up the environment that has been
contaminated by the spill. From the microbial point of
view, they metabolizing or consuming the oil to provide
the energy and materials that needed to live and grow

[1].

3.3. Bioemulsion Produced by
B. thuringiensis

Bioemulsifiers are composed of polysaccharides, pro-
tein, lipopolysaccarides or complex mixtures of these
polymers. These microbial emulsifiers are important sec-
ondary metabolism produced by microbes [30]. Bioe-
mulsifiers have effectiveness impressive at the level of
surface tension, leading to emulsification of hydrocarbon
compounds and make them available to the microorgan-
isms [31].

In this study, the amounts of emulsion produced by B.
thuringiensis reached 2.3 g/l. while, in other studies the
amounts of emulsion produced by Bacillus subtilis reached
2 g/l [32] and 1.47 g/l [33]. So, the B. thuringiensis was
efficient producers of Bioemulsifiers in a rich hydrocar-
bons medium. Biosurfactant secreted by bacteria are
more effective than chemical surfactants in enhancing
the solubility and biodegradation of petroleum hydro-
carbons [34,35]. Production of Bioemulsifiers was re-
lated to the utilization of available hydrophobic sub-
strates by the producing microbes from their natural
habitat, presumably by increasing the surface area of
substrates and increasing their solubility phenomenon
[36-39].

3.4. Quantitative Losing Percentage of
Crude Oil Using B. thuringiensis
Bacteria

As mentioned in the material and methods it has been
measure the Quantitative losing percentage of crude oil
by B. thuringiensis bacteria using non-specialized chemi-
cal methods and tested the ability of bacterial isolate on
the dismantling of crude oil in two ways.

3.4.1. Account of Biomass

Al-Khazali [22] Proved when conducting studies on B.
subtilis if the biomass increases for more than 3 g/l This
indicates that the bacteria are highly efficient in a Oil
degradation. In this study the total biomass of bacterial
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isolate reached 5 g/l, when grown on culture medium
that supplied with crude oil as a source of carbon and
energy. So, B. thuringiensis can be highly efficient in the
process of degradation the oil. The results show a shift in
color of medium to turbid and this is evidence on the
growth of B. thuringiensis that used in this experiment
and their ability to consume the medium components,
compared with a control sample [40]. Microbes break oil
down into simple carbon compounds that are used to
make the sugars, fats, and proteins needed for growth
and energy production, ultimately the byproducts be-
come carbon dioxide and water. The simple carbon com-
pounds are incorporated into new cellular constituents, in
other words, they are used to make more microbes. So,
the carbon has been used to produce additional biomass

[1].

3.4.2. Account the Quantitative Loss of Crude QOil
as a Result of the Growth of
B. thuringiensis
The results show that the B. thuringiensis have the
ability to degraded 80% of the weight of the crude oil
used in the experiment, while Bacillus subtilis in the
study of [29,41] have ability to degraded 65%, 64% of
the weight of the crude oil, respectively. This may be due

to the adaptation of B. thuringiensis to the environment
and production of emulsion materials [42] and to the
presence of bacterial enzymes [43], also to the availabil-
ity of optimal temperature, which raise the efficiency of
bacteria in the degradation of the crude oil components
[44].

3.5. Detection of the Degradation of Crude
Oil by Specialized Chemical Methods
Using a Technology of
Gas-Chromatography

By using gas-Chromatography device, it appears in the
control sample presence of 43 chemicals material (Table
2). While In contrast, the sample that biodegraded by
Bacillus thuringiensis reveled extensive biodegradation
in 27 days, the visual examination of gas-Chromatog-
raphy shows the disappearance of a number of beams
where the number of chemical materials have been de-
creased to 26 (Table 3), also decreased in peak area for
some material, compared with a control sample (Figures
1 and 2). This clearly indicated that B. thuringiensis is a
good hydrocarbons decomposers. This method is a spe-
cialized chemical method that which inferred the type of
decaying compound [45] and clarify the decomposition
that happens in oil compounds [46,47].

Table 1. Viable count for 7™ dilution of B. thuringiensis that degraded crude oil incubated in 30°C.

Time (7" dilution)

bacterial isolate

Zero Time After one week After two weeks After three weeks After four weeks
Bacillus thuringiensis 0 93 1149 high density high density
Table 2. Numbers of Chemical composition of crude oils in control sample.

peak Ret. Time Area Height Area %
1 0.563 18,808 1290 0.002
2 3.132 5835 480 0.0006
3 3.808 134,580 20,455 0.0141
4 4.122 12,371,678 471,432 1.2938
5 6.333 310,450,093 34,933,177 32.4653
6 7.932 5118 588 0.0005
7 9.188 1517 389 0.0002
8 11.294 10,668 342 0.0011
9 13.977 2213 568 0.0002
10 15.451 1803 631 0.0002
11 15.825 2133 398 0.0002
12 15.946 3016 698 0.0003
13 16.057 2285 651 0.0002
14 18.886 97,014 1424 0.0101
15 18.980 4639 1241 0.0005
16 21.917 156,114 3469 0.0163
17 24.354 48,849,407 1,173,955 5.1084
18 24.850 35,435,168 1,031,121 3.7056
19 26.474 198,956,651 4,026,879 20.8059
20 29.218 545,744 9631 0.0571

Copyright © 2013 SciRes.
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Continued
21 31.034 26,164,157 975,467 2.7361
22 31.778 523,092 118,328 0.0547
23 32.484 6,081,651 156,157 0.6360
24 33.058 11,223,506 272,194 1.1737
25 34.830 19,583,428 259,882 2.0479
26 35.218 4,718,906 246,523 0.4935
27 36.418 175,276,423 7,397,125 18.3295
28 38.771 13,703,335 342,794 1.4330
29 39.278 23,285,230 502,733 2.4351
30 39.905 13,834,088 302,478 1.4467
31 41.220 10,681,237 207,178 1.1170
32 42.058 8,476,367 147,989 0.8864
33 43.277 4,271,413 110,488 0.4467
34 44,138 15,004,804 280,295 1.5691
35 45,197 405,091 80,652 0.0424
36 45.357 2,050,375 77,632 0.2144
37 46.099 6,056,145 154,197 0.6333
38 48.655 1,066,996 27,739 0.1116
39 50.998 4,780,445 111,597 0.4999
40 53.856 44,450 4259 0.0046
41 54.915 1,959,886 30,260 0.2050
42 58.297 1569 610 0.0002
43 58.428 3726 501 0.0004
Total - 956,250,804 53,485,816 100.00

Table 3. Numbers of Chemical composition of crude oils in the sample that injected with Bacillus thuringiensis.

peak Ret. Time Area Height Area %
1 0.043 1212 494 0.0028
2 2.978 1203 390 0.0028
3 3.255 10,853 1850 0.0249
4 3.712 7180 1138 0.0165
5 4.059 4244 693 0.0097
6 5.215 1,922,879 82,427 4.4090
7 5.667 34,695,432 3,854,611 79.5542
8 6.910 2038 585 0.0047
9 7.261 53,400 2130 0.1224
10 7.551 12919 3761 0.0296
11 10.845 1012 468 0.0023
12 13.328 8683 995 0.0199
13 13.440 2330 860 0.0053
14 18.698 1780 723 0.0041
15 19.250 30,285 1858 0.0694
16 19.356 4202 1190 0.0096
17 21.816 1,159,549 17,327 2.6588
18 22.353 38,286 4276 0.0878
19 22.587 1934 710 0.0044
20 24.834 104,246 3824 0.2390
21 26.617 659,437 14,323 1.5120
22 28.479 67,382 3817 0.1545
23 30.590 2,062,876 125,156 4.7300
24 32.097 985,026 21,266 2.2586
25 32.653 689,069 33,689 1.5800
26 36.493 1,084,836 7773 2.4875
Total - 43,612,293 4,186,289 100.00

Copyright © 2013 SciRes. OPEN ACCESS
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Figure 1. Showed the appearance of Chemical material in control sample that ap-

peared by using gas-Chromatography.
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Figure 2. Showed the appearance of Chemical material in the sample that injected
with Bacillus thuringiensis by using gas-Chromatography.

4. CONCLUSION

In the study, changes that occurred in the morphologi-
cal, viable count and biomass, of the oil-degrading bac-
teria were examined. Bacillus thuringiensis bacteria were
used under the optimal conditions in order to determine
their oil-degrading ability and they underwent different
tests in the laboratory environment in medium rich with
hydrocarbonate. The investigation revealed that bacteria
had the ability to degrade crude oil, by utilizing oil pro-
ducts used as substrates. Bacteria exhibited best devel-
opment processes and had the highest levels of oil-deg-
radation, because the set-up of this experiment emu-

Copyright © 2013 SciRes.

lated a natural environment. It is a significant investiga-
tion that may light the way for bioremediation studies
and provides information that allows the employment of
Bacillus thuringiensis for bioremediation in environ-
ments polluted with crude oil. However, further studies
need to be carried out to know the composition of Bioe-
mulsion produced by Bacillus thuringiensis, and its posi-
tive and negative effects on aquatic ecosystem.
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