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Abstract— In order to assess the tolerance of crude oil degrading microbes naturally present in pristine soil to crude oil toxicity, 
pristine soil samples were collected from the garden of the Faculty of Biological Sciences, University of Calabar, while Bonny light 
crude oil was collected from the retail outlet of  Exxon- Mobil Nigeria Limited. Isolation and characterization of hydrocarbonoclastic 
microbes from pristine soil sample were all done using pour plate and vapor methods. Toxicity profiling was done using various 
concentrations (1%, 5%, 10%, 15% and 20% v/v) of the crude oil in mineral salt medium (MSM) inoculated with selected crude oil 
degraders; Bacillus, Micrococcus, Pseudomonas, and Klebsiella species, that were designated as HUB1, HUB2, HUB3, HUB4 and 
control (Escherichia coli) grown in MSM with no crude oil. The experimental set-ups were monitored for changes in pH, temperature 
and bacterial counts at various time intervals (0 to 60 hours). Replicates readings were analyzed using analysis of variance for 
significance. Across the various concentrations, pH changed gradually from neutral to under 6 while slight fluctuations in 
temperature were observed across the different treatments. At concentrations of 5% and 10%, there was no tangible drop in counts 
but at 15 and 20%, there was a sharp decline in HUB counts, indicating that crude oil causes quantitative and qualitative changes 
in the composition of soil microbes. Although crude oil utilizing microorganisms have the capacity to degrade crude oil, 
nevertheless, HUBs have different crude oil tolerance abilities. Hence, microbes with better tolerance to crude oil effect as see with 
the HUB1 isolate can be employed in the process of bioremediation in the environment. 

Index Terms— Autochthonous microorganisms, Bioremediation, Crude oil degrading microbes, Crude oil tolerance, 
hydrocarbonoclastic microbes, Toxicity profiling, 

——————————      —————————— 

1 INTRODUCTION                                                                     
rude oil is a complex mixture of hydrocarbons (Adipah, 2019). 

Toxicity of petroleum and its products depends on the chemical 
composition and structure of hydrocarbons and studies have 
shown that it affects plants, animals, and can even accumulate in 
food chains (Ziolkowska and Wyskowski, 2010) Crude oil like 
other pollutants can produce varying effects on the soil microor-
ganisms including fungi and bacteria.  It can also affect soil phys-
icochemical activity, content of soil organic matter and micronu-
trients in the soil (Ziolkowska and Wyskowski, 2010).  
Microorganisms are very important environmentally for several 
reasons. They are intricately involved in various biogeochemical 
cycles such as nitrogen, sulfur, iron to mention just a few of them 
(Edet et al., 2017; Edet et al., 2018; Udotong et al., 2015). Microor-
ganisms are able to utilize crude oil as an energy source and for 
support have increasingly gained acceptance worldwide because 
they are highly effective, readily available, cheap and safe, Over-
holt et al., 2015; Unimke et al., 2018). They exists as a consortia 
and in a delicate balance where they work synergistically to 
achieve the breakdown of all the complex components present 
therein. This balance can easily be disrupted by certain man-
made pollutants that find their way into the environment (Udofia 
et al., 2018). It can alter the physiological and biochemical states 
of many organisms (Onwurah et al., 2007).   
When crude oil, other petroleum based pollutants and other al-
lochthonous compounds spill into the environment, their mobi-
lization, transformation and utilization is ultimately the duty of 
autochthonous microorganisms and it affects the structure and 
composition of microorganisms (Colewell, 1973). It is important 
that an insight into the effects of petroleum hydrocarbon spill on 
the autochthonous microbes in any given biota and the isolation 
of crude oil-degraders amongst them is required for proper man-
agement of and bio-remediation of the environment (Kostka et 

al., 2011). 
Few studies have been documented on the tolerance of indige-
nous microorganisms in pristine soil to the toxicity of crude oil 
(Mustafa et al., 2013; Babalola et al., 2016), however, the response 
of individual hydrocarbonoclastic microbial isolate to crude oil 
spillage is still poorly understood. This study attempts to fill this 
gap. Therefore, this research was aimed at isolating hydrocarbon 
utilizing bacteria and exposing them to varying concentrations of 
Bonny light crude oil. 

2 MATERIALS AND METHODS  
2.1 SAMPLE COLLECTION  
Surface and subsurface pristine soil samples were randomly 
sampled from eight (8) different locations in the garden of the 
Faculty of Biological Sciences, University of Calabar into sterile 
sample collection tubes using a hand held soil auger as previ-
ously described (Babalola et al., 2016). Collected samples were 
immediately transported to the laboratory for analysis. Bonny 
light crude oil sample was obtained retail outlets. 

2.2 Isolation of Hydrocarbonoclastic Microorganisms 
The pour plate and vapor methods of Antai et al (2014) were em-
ployed in the isolation of the hydrocarbonoclastic bacteria. 
Briefly, 10g of the homogenized soil and sediment sample were 
dissolved in sterile 90ml of distilled water and used to carry out 
serial dilution. Following serial dilution, freshly prepared min-
eral salt medium (MSM) and plate count agar were sterilized and 
poured into plates already containing 1 mL aliquot of the tenfold 
soil sample dilutions (x105) in triplicate and was allowed to gel. 
In addition, the crude oil and filter paper were also sterilized. Af-
terwards, the hot air sterilized filter papers were then soaked 
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with 1ml of the sterilized crude oil and carefully used to cover 
the lid of the agar plates and sealed with masking tape. The plates 
were then incubated inverted for 24 to 96hours.  

2.3 Purification and Maintenance of Isolates 
Distinct bacterial colonies were selected from the plates and were 
cultured at least thrice onto nutrient agar. The purified isolates 
were then stored in nutrient agar slants and stored at room tem-
perature for further analysis. 

2.4 Characterization and toxicity testing of Isolates 
Isolates were subjected to microscopy and biochemical screening 
and this were done as previously described (Babalola et al., 2016). 
Toxicity test was carried out using the method described previ-
ously (Nseabasi and Antai, 2012). This was carried out on the 
four hydrocarbon utilizers and a control set up that received no 
crude oil (carbon source). Using separate conical flasks and for 
each of the isolate, 1, 5, 10, 15 and 20% v/v concentration of crude 
oil were prepared by adding appropriate volumes of MSM (4.95, 
47.5, 45, 42.5 and 40ml) to the appropriate volumes of crude oil 
(0.5, 2.5, 5, 7.5 and 10 mL). To each of these flasks, 1ml of each of 
the overnight culture of each of the isolates was into the flasks 
containing the different crude oil concentrations. This was re-
peated for all the isolates. A control was set-up replacing the 
crude oil with glucose. The experimental set-ups were incubated 
at room temperature (28 ± 2oC) overnight. At an interval of 8, 16, 
24, 32, 40, 48, 56, 64 and 72 h, 1ml from each conical flasks were 
assayed for bacterial counts (CFU mL-1) using pour plate tech-
nique.  

2.5   Temperature and pH changes  
Changes in pH and temperature were monitored as well as opti-
cal densities of the flasks. Temperature and pH were determined 
as previously described (Unimke et al., 2014) using a dual pH and 
temperature meter (HM Digital PH-80ph/temperature Hydro 
tester). Manufacturer’s instructions were strictly followed in the 
determination process. The meter has a sensitivity of 0.01%.  

2.6 Statistical Analysis  
Replicates readings were analyzed using one way analysis of var-
iance for significance. 
3 RESULTS 
From the morphological and the biochemical reactions of the se-
lected crude oil degrading isolated designated as HUB1, HUB2, 
HUB3, and HUB4 the probable organisms are Bacillus, Micrococ-
cus, Pseudomonas, and Klebsiella species respectively (Table 1).  
Across the various concentrations, pH changed gradually from 
neutral to under 6.00 as showed on Figure 1. Slight fluctuations 
in temperature in the range of 29 to 32 ℃ were observed across 
the different time interval (Figure 2).  
From our study, at concentrations of 5% and 10% exposures of 
isolates to crude oil, there was no tangible drop in counts but at 
15 and 20%, there was a sharp decline in HUB counts, indicating 
that crude oil causes quantitative and qualitative changes in the 
composition of soil microbes (Figure 4, 5, 6 and 7).  

TABLE 1 
HYDROCARBONOCLASTIC BACTERIA ISOLATES FROM 

THE CRUDE OIL IMPACTED SOIL SAMPLE 

 
 
 
Key: HUB = Hydrocarbon utilizing bacteria, + = positive and - = negative. 

 
 

 

 

 

 

 
 
Fig 1. Changes in pH with time incubation (hours). Key: HUB = Hydrocarbon 
utilizing bacteria.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Changes in temperature (℃) with time of incubation (hours). 
Key: HUB = Hydrocarbon utilizing bacteria.  
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Fig. 3. HUB and control bacterial counts at 1% crude oil concentration.  
Control = HUB1.Key: HUB = Hydrocarbon utilizing bacteria.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. HUB and control bacterial counts at 5% crude oil concentration.  
Control = HUB1. Key: HUB = Hydrocarbon utilizing bacteria. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 5. HUB and control bacterial counts at 10% crude oil concentration. 
Key: HUB = Hydrocarbon utilizing bacteria. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: HUB and control bacterial counts at 15% crude oil concentration.  
Key: HUB = Hydrocarbon utilizing bacteria 
 
 

 
 
 
 

 

 
 

 
 
 
 
 
Figure 7: HUB and control bacterial counts at 20% crude oil concentration.  
Key: HUB = Hydrocarbon utilizing bacteria 
 
4 DISCUSSION 
Microbes are constantly exposed to anthropogenic pollutants 
and they have evolved a number of mechanisms to reverse the 
effect of toxic pollutants and these include using them (degrada-
tion), protein repair mechanisms, and maintenance of membrane 
fluidity (Murínová and Dercová, 2014).Crude oil spills affects 
several microbiological indices such as microbial biomass carbon 
and microbial metabolic diversity were significantly affected by 
crude oil (Timmerman et al., 2003).  
 
Contamination with petroleum substances have been shown to 
select some bacteria species (Saadoun et al., 2008). The bacterial 
isolates selected by the presence of crude oil in this study were 
Bacillus, Micrococcus, Pseudomonas, and Klebsiella species re-
spectively. These isolates were also isolated in previous studies 
in the Niger Delta region (Nseabasi & Antai, 2012; Ekpo and 
Ebeagwu, 2009).  
 
Furthermore, the presence of these contaminants inhibit catabolic 
activities of bacteria (Saadoun et al., 2008). In a similar study by 
Vyas and Dave (2007) on the effect of crude oil concentrations, 
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temperature and pH on growth and degradation of crude oil by 
marine bacteria, the pH varied between 6 and 9. The pH values 
of the isolates used in this study ranged from 7.0 to 5.8 and these 
are within range for degradation of crude oil (Vidali, 2001). From 
an earlier study by Zekri and Chaalal (2005) on the effect of tem-
perature on biodegradation of crude oil, temperature during 
degradation varied between 35 and 75℃. In our study, the tem-
perature range was within 32 to 29.1oC.  
 
Fresh oil spill especially in higher concentrations have been 
shown to kill soil micro biota thereby reducing counts and diver-
sity while old spill have been shown to increase diversity and 
counts (Saadoun et al., 2008). This has been confirmed by several 
authors. Hassanshahian (2014) revealed a shift in microbial com-
munity index. Ekpo and Ebeagwu (2009) also recorded a mar-
ginal decrease in microbial counts following exposure to crude 
oil. This was also observed by Saadoun et al (2008) who revealed 
petroleum contamination reduced bacterial counts and diversity 
and a proliferation of the genus Pseudomonas species over oth-
ers in freshly contaminated soil. In our study, bacterial growth 
was inversely proportional to crude oil concentration. At 5% and 
10% of crude oil exposures, there was no tangible drop in counts. 
However, at 15 and 20%, there was a sharp decline in total HUB 
counts, indicating that crude oil is capable of causing quantitative 
and qualitative changes in the composition of soil microbes. In an 
earlier study, 34% exposure was found to be inhibitory to growth 
while at 40% degradation was completely stopped (Overholt et 
al., 2015).   
In an earlier study, hydrocarbonoclastic isolates Proteus mirabi-
lis, Bacillus cereus, Citrobacter amalonaticus and Enterobacter 
sp, were subjected to various diesel oil (1, 5, 10, 15 and 20%) con-
centration. Their finding indicates that even amongst the hydro-
carbon utilizers, higher concentration of diesel reduced the num-
ber of viable cells especially 20%. In another study, alteration of 
enzymes kinetics, bacterial abundance, and other physiological 
changes (Nseabasi & Antai (2012) were observed for isolated bac-
terial and fungal species. Furthermore, they showed that higher 
concentrations of kerosene were toxic to their isolates. Consist-
ently, Bacillus, Pseudomonas, Serratia, and Micrococcus are less 
affected by the concentration used in their study as they all had 
200 CFU/ml across all the concentrations. Compared to our find-
ings, the microbial counts were lower than their reported 
CFU/ml. Precisely, in our study at 5, 10, 15 and 20% the HUB 
counts ranged between 20 -61, 29-8, 38-10 and 38-2 CFU/ml. Sim-
ilar decrease in counts were also obtained for diesel with HUB 
isolates in another study (Nkanang et al., 2018). 
5 CONCLUSION 
Although crude oil utilizing microorganisms have the capacity 
to degrade crude oil, nevertheless, HUBs have different crude oil 
tolerance abilities. Hence, microbes with better tolerance to crude 
oil effect as the HUB1 isolate can be employed in the process of 
bioremediation in the environment. 
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