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Abstract— In the present investigation, bacterial isolates from 
petroleum hydrocarbon contaminated effluents were assessed its 
potential in biofilm formation and diesel oil degradation. 
Response surface methodology (RSM) with central composite 
design (CCD) was applied to determine the optimal conditions 
for diesel oil degradation and the effect of pH, temperature, 
glucose concentration and sodium chloride on diesel degradation. 
Diesel oil-degrading bacteria Bacillus niacini (KU925847) and 
Ochrobactrum anthropi (KF051402) were isolated from oil 
contaminated sites and showed biofilm formation in different 
substrates. Using RSM, bacterial isolates were further optimized 
to enhance their diesel oil degradation ability. The results showed 
that experimental output is so significant and the coefficient 
determination of about R2 = 97.66 % and R2 = 99.92 % against 
the predicted values. Along with the values for three variables, 
Ochrobactrum anthropi (KF051402) required 5 % sodium 
chloride concentration and Bacillus niacini (KU925847) required 
10 % sodium chloride concentration. GC-MS analysis of bacteria 
treated samples confirmed that most of the hydrocarbons in 
diesel are highly degraded than the control. This study shows 
that removal of total hydrocarbons in refinery effluent is 
achieved by bacterial biofilm on solid substrates in the 
bioreactor. The degradation of hydrocarbons from petroleum 
wastes and hydrocarbon rich industrial effluent wastes were 
effectively treated by this isolates before their disposal in the 
open environment are highly suggested. 

Keywords— Diesel oil, central composite design, effluent 
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I.  INTRODUCTION 
Occurrences of diesel oil seepage in our globe are 

inevitable, due to its persistent usage, transport, and handling 
[1]. Such seepage leads to pollution because of its hazardous 
nature to flora and fauna in that environment. Naturally, 
microbial degradation is the initial method, which is most 
reliable, effective and eco-friendly method; since its metabolic 
processes remove pollutants [2]. RSM defines the specific 
conditions which support and obtains a maximum and 
efficient system of bioprocessing system [3, 4]. Central 
composite rotatable design (CCRD) of RSM can be applied in 
toxin degradation and bio compounds production experiments, 
where results are predicted by less number of experiments. 

This statistical technique has been successfully applied in 
many fields, including media optimization, fermentation and 
enzyme-catalyzed reactions [5-7]. Introduction of effluent 
containing hazardous compounds into environment leads to 
sequence destruction of our nature and ultimately affects the 
livelihood of the poor. The present study accesses the 
hydrocarbon degradation ability of two bacterial isolates in 
diesel oil degradation and exploiting this ability in refinery 
effluent treatment in a biofilm bioreactor.  

II. MATERIALS AND METHODS 

A. Isolation and identification of bacterial isolates 

Contaminated effluent samples were collected from 
different oil spilled sites in Tamilnadu, India. Hydrocarbon-
degrading bacteria were isolated through the enrichment 
technique and the isolates from the enrichment process were 
screened for biofilm formations [7-9]. The potential bacterial 
isolates were identified based on morphological and other 
biochemical tests according to Bergey’s Manual of Systematic 
Bacteriology [10]. The bacterial isolate identification was 
confirmed by 16S rRNA gene sequencing [8, 11]. 

B. Scanning electron microscopy 

Scanning electron microscopy (SEM) analyses were 
performed to visualize biofilm formation. Bacterial biofilm 
samples grown in coverslip were fixed by 2.5% 
glutaraldehyde in PBS buffer, dehydrated sequentially in 
increasing concentrations of ethanol (70%, 90%, and 100%) 
for 15 min. The samples were mounted on SEM stubs and 
then coated with gold and viewed using a Texcan scanning 
electron microscope, SASTRA University, Thanjavur, India.  

C. Statistical optimizations  

All the statistical analysis such as Analysis of variance 
(ANOVA), Tukey's multiple tests were conducted using 
Minitab statistics software (Version 16.2.2, Minitab Inc, 
Pennsylvania, USA). Input parameters temperature, pH, 
sodium chloride concentration and glucose concentration were 
taken to create this RSM model. Overnight growing log phase 
culture of bacterial isolate (2mL ) were used as inoculum in 
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200 mL of sterile mineral salts medium containing (2% v/v) 
diesel oil as sole source of carbon source and compared with 
the control sample contained mineral salts medium with (2% 
v/v) diesel oil hydrocarbon to obtain oil degradation studies. 

All the variables were investigated at two widely spaced 
intervals viz, pH in the range of 7-10, temperature 20˚C - 
35˚C, glucose concentration 5-10 % (w/v) and NaCl 
concentration 5-10 % (w/v) respectively. 23 factorial central 
composite experimental designs (CCD) which identify the 
critical physical-chemical parameters required to elevating the 
diesel degradation by the bacteria [12]. Using RSM CCD, a 
set of 31 experiments were run to derive response equation 
based on the surface of Taylor expansion curve and the 
response as following equation (1).  

jiij
2

iiii0 xxxxsponseRe     (1)
 

Where,β0= Regression constant; βi, βii, βij = Regression 
coefficients; x= Process variable. 

D. Pilot-scale degradation process 

Continuous flow packed bed Biofilm reactor was 
fabricated with the holding volume of 2.2 L and experiments 
were conducted at optimized conditions using CCD of RSM. 
Minimal salt medium with diesel oil of about 1% (v/v) at the 
optimized condition with bacterial culture 1% (v/v) was 
inoculated. The ability of the bacterial strains to remediate the 
refinery effluent was investigated by carrying out the 
experiment in continuous flow packed bed Biofilm reactor for 
12 days.  

E. Analyses  

1) Biodegradation test 
For optimization studies, the degradation percentage of the 

experiments were analyzed by gravimetric method and 
polyaromatic hydrocarbon (PAH) in the compounds were 
detected by GCMS analysis [13, 14]. Biodegradation 
efficiency (BE %) of individual compounds in GC-MS 
analysis were calculated by formulae (2)  

BE % = [(As × 100) ÷ Aac] – 100  (2) 

where As is the total area of peaks in each sample and Aac 
is the total area of peaks in the appropriate abiotic control. 

Degradation of total petroleum hydrocarbon (TPH) and 
utilization of nutrients in the refinery effluent by bacteria were 
determined using standard methods [15]. The removal 
efficiency (RE %) of the effluent was calculated according to 
the following equation (3) 

TPHf

TPHfTPHi
RE


100%  (3) 

 where TPHi is the TPH concentration present in effluent 
and TPHf is the concentration of TPH after microbial 
treatment in effluent [16]. 

2) Statistical analysis 
 All experiments were conducted in 

duplicate. The values reported in this work are an average of 
three samples for every replication maintained. The data were 

statistically analyzed for differences in means at the 5% 
probability level by general linear models procedure in SAS 
institute and by following Steel and Torrie [17].  

III. RESULTS AND DISCUSSION  
After enrichment processes, seven bacterial isolates 

were obtained and screened for diesel oil degradation. 
Preliminary screening studies demonstrated that four bacterial 
isolates having high diesel oil-degrading ability and formed a 
biofilm on glass surface when grown in BH medium in 
presence of diesel oil as a sole carbon source. They were 
identified by morphologically, biochemically and confirmed 
by 16SrRNA sequencing as Bacillus niacini (KU925847), 
Enterobacter cloacae (KU923381), Ochrobactrum anthropi 

(KF051402) and Stenotrophomonas maltophilia (KU925846). 
 From the micrographic pictures of SEM analysis at 
different time intervals marked that the two bacterial isolates 
were biofilm producers on the coverslip (Fig. 1). A total of 31 
experiments were done using four independent variable 
parameters such as reaction temperature (T), hydrogen ion 
concentration (pH), glucose concentration (GLU) and sodium 
chloride concentration (NaCl) have important effects on 
microbes during hydrocarbon degradation. The correlation 
coefficients in linear and quadratic effects of model predicted 
in the experimented were tabulated in Table I. Experiments 
were designed to optimize hydrocarbon degradation by RSM 
using 4-level-4-factor design.  
 Based on the probability values, all the variable 
factors were (P < 0.05) significant at the 95% statistic 
confidence level. The quality of the quadratic model equation 
derived from the experiment was expressed by the 
determination coefficient R2 and adjusted R2. The equation 
which represented the diesel oil production by the bacterial 
isolates buoyancy the interactions of four independent 
variables follows. 
Degradation percentage of Bacillus niacini (KU925847)= 
151.047 + 56.523 ×T -57.837× pH - 2.231 × NaCl -78.467 × 
GLU + 4.468 × T2 - 2.045 × pH2 + 29.229 × NaCl2 + 42.256 × 
GLU2 – 30.512 × T × pH -18.199 × T × NaCl -35.137 × T × 
GLU – 31.435 × pH × NaCl + 17.242 × pH × GLU -6.116 × 
NaCl × GLU. 
Degradation percentage of Ochrobactrum anthropi 

(KF051402) = 23.517 + 10.521 ×T -7.930× pH - 9.749 × NaCl 
-13.157 × GLU - 0.297 × T2 + 0.781 × pH2 + 7.207 × NaCl2 + 
9.355 × GLU2 – 2.704 × T × pH -3.671 × T × NaCl -4.958 × T 
× GLU – 4.447 × pH × NaCl + 5.542 × pH × GLU + 0.113 × 
NaCl × GLU. 
 
 The p values < 0.05 indicated that both model terms 
were significant. The coefficient R2 of both models (99.92 % 
and 97.66 %) for the diesel oil degradation and the R2 Adj 
(99.84 %and 95.62%) indicated the data variability of the 
experiments could be explained by the modules. The given 
CCD results and the aforementioned linear model equations of 
degradation states temperature (T), pH, glucose concentration 
(GLU) and sodium chloride concentration (NaCl) were the 
significant variables for the response.  
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 The optimal values of the responses were examined 
in this work in the experimentation space were calculated from 
their reduced models predicted model by computer software 
and are shown together. For biodegradation purposes, the most 
important response after compared with predicted values are 
the effects of four variables observed in preliminary studies. 
Diesel biodegradation which is maximized for Bacillus niacini 

(KU925847) at the factors levels: was obtained at pH = 7, 
temperature = 37˚C, Glucose =5 % and NaCl = 5%.  In 
Ochrobactrum anthropi (KF051402) degrades diesel oil at 
maximum percentage at conditions of pH = 7, temperature = 
37˚C, Glucose =5 % and NaCl = 10 %.  The slight higher 
condition of NaCl favors the degradation percentage of diesel 
oil by Ochrobactrum anthropi (KF051402). Kuntiya et al. [18] 
reported in his findings that the phenol degradation and cell 
growth were found to be faster in the presence of sodium 
chloride.  

 Nievas et al. [19] and Thavasi et al. [20] have 
correspondingly reported that under optimized condition 
microbes have the ability to the removal of petroleum 
hydrocarbon up to 70, 68 and 58 % from the contaminated 
environment. Kalali et al. [21] surfactant solution 
concentration, washing time, the age of pollution and 
frequency of washing petroleum hydrocarbon polluted soil 
were evaluated using RSM. They observed removal efficiency 
of about 93.54 % (R2 = 98.91%) and concluded that the RSM 
is a suitable approach to determine the optimal conditions to 
remediate organic hydrophobic pollutants. Degradation of 
atrazine was also increased by optimizing the parameters of 
temperature, pH, concentrations and agitation speed carried 
out in batch reactors with aid of RSM [22]. 

Hydrocarbon degradation efficiency of about 62.5 % and 
64.9 % by Bacillus niacini (KU925847) and Ochrobactrum 
anthropi (KF051402) were observed in a bioreactor using the 
gravimetric method. Optimization of parameters in batch 
studies may lead to increase in the removal efficiencies of 
hydrocarbon. The gas chromatographic analysis of diesel oil 
treated with Bacillus niacini (KU925847) and Ochrobactrum 
anthropi (KF051402) showed remarkable decrease in the 
concentrations of alkane hydrocarbon fractions and persistent 
PAH such as trans- decalin, 1-Methyldecahydronaphthalene, 
Pristane compounds (I and II) and Farnithine compound I in 
diesel fuel were almost degraded than the control sample (Fig. 
2 and Table II).  

 CFigontinuous flow packed bed biofilm reactor has 
been used for treating refinery effluent wastewater for 14 
days.  During the treatment, chemical oxygen demand (COD) 
of the refinery effluent was significantly reduced by the 
bacterial isolates. The reduction rate of COD by Bacillus 
niacini (KU925847) and Ochrobactrum anthropi (KF051402) 
were 71.59 % and 60.25 %. Bonfa et al. [23] suggested that 
Haloarchaea isolates could be useful in bioremediation of 
petroleum produced water and reported that isolates were 
reduced COD in water greater than 65%. The TPH 
concentrations in the effluent were degraded and showed RE 
% of about 81.09 % and 63.13 % by Bacillus niacini 
(KU925847) and Ochrobactrum anthropi (KF051402). 
Therefore from the effluent treatment studies, the degradation 

of TPH and COD removal was performed by the potential 
bacteria were enhanced by using optimal values of RSM (Data 
not showed).  

IV. CONCLUSION 
The bacteria Bacillus niacini (KU925847) and 

Ochrobactrum anthropi (KF051402) isolated from petroleum 
contaminated site could degrade most components of 
hydrocarbons and shows high biofilm forming ability. In 
continuous flow packed bed bioreactor, Bacillus niacini and 
Ochrobactrum anthropi enhanced their diesel oil degradation 
efficiency after the parametric optimization using RSM. Same 
parametric condition ensures the highest degradation of 
hydrocarbons in the refinery effluent. Response Surface 
Methodology (RSM) is a numerical approach tool for 
modeling and optimizing of diesel oil degradation processes, 
in the optimum conditions petroleum hydrocarbons were 
degraded up to 71.59 % and 60.25 % in the refinery effluent 
gives significant approach in pollution treatment. 
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Fig. 1.a and 1.b SEM analysis of Bacillus niacini (KU925847) and Ochrobactrum anthropi (KF051402) 
 

 
Fig. 2. GC –MS analysis of diesel oil of the control, Bacillus niacini (KU925847) and Ochrobactrum anthropi 

(KF051402) treated sample 
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TABLE I. Central composite design analysis on diesel oil degradation using bacterial isolates 
 
 
 
 

Std 
Order 

Run 
Order 

Pt Type Blocks Temp pH NACL GLU Bacillus niacini Ochrobactrum anthropi 

Experimental Predicted Experimental Predicted 
1 1 1 1 20 7 5 5 28.53 28.45 35.60 37.29 
2 2 1 1 35 7 5 5 59.00 58.43 64.90 64.95 
3 3 1 1 20 10 5 5 28.40 27.86 32.60 30.91 
4 4 1 1 35 10 5 5 43.73 43.75 51.80 50.84 
5 5 1 1 20 7 10 5 41.27 40.91 34.55 37.66 
6 6 1 1 35 7 10 5 62.50 62.48 56.70 54.93 
7 7 1 1 20 10 10 5 25.40 25.80 16.30 18.77 
8 8 1 1 35 10 10 5 33.75 33.28 26.45 28.61 
9 9 1 1 20 7 5 10 19.71 19.19 23.62 21.89 
10 10 1 1 35 7 5 10 32.95 32.94 38.56 35.63 
11 11 1 1 20 10 5 10 26.16 26.58 29.12 30.43 
12 12 1 1 35 10 5 10 26.86 26.22 39.42 36.74 
13 13 1 1 20 7 10 10 28.45 28.83 21.77 22.26 
14 14 1 1 35 7 10 10 34.62 34.17 23.80 25.92 
15 15 1 1 20 10 10 10 22.11 21.69 18.20 18.59 
16 16 1 1 35 10 10 10 12.45 12.93 17.28 14.82 
17 17 -1 1 12.5 8.5 7.5 7.5 17.19 17.26 15.19 12.00 
18 18 -1 1 42.5 8.5 7.5 7.5 38.24 38.48 32.37 35.59 
19 19 -1 1 27.5 5.5 7.5 7.5 36.15 36.54 35.58 34.90 
20 20 -1 1 27.5 11.5 7.5 7.5 14.78 14.72 16.41 17.12 
21 21 -1 1 27.5 8.5 2.5 7.5 36.34 36.86 46.83 50.14 
22 22 -1 1 27.5 8.5 12.5 7.5 36.21 36.02 31.55 28.28 
23 23 -1 1 27.5 8.5 7.5 2.5 55.37 55.74 61.07 58.37 
24 24 -1 1 27.5 8.5 7.5 12.5 26.19 26.14 26.14 28.87 
25 25 0 1 27.5 8.5 7.5 7.5 26.13 26.34 24.42 24.41 
26 26 0 1 27.5 8.5 7.5 7.5 26.40 26.34 24.51 24.41 
27 27 0 1 27.5 8.5 7.5 7.5 26.34 26.34 24.37 24.41 
28 28 0 1 27.5 8.5 7.5 7.5 26.45 26.34 24.42 24.41 
29 29 0 1 27.5 8.5 7.5 7.5 26.51 26.34 24.39 24.41 
30 30 0 1 27.5 8.5 7.5 7.5 26.42 26.34 24.32 24.41 
31 31 0 1 27.5 8.5 7.5 7.5 26.40 26.34 24.41 24.41 
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TABLE II. Diesel degradation efficiency percentage BE (%) of Bacillus niacini (KU925847) and Ochrobactrum anthropi 

(KF051402) from GCMS analysis. 
S.No Name of peaks Bacillus niacin Ochrobactrum anthropi 

1 Name: Tridecane  
Formula: C13H28,  MW: 184  

98.6 97.46  

2 Name: Hexadecane  
Formula: C16H34, MW: 226  

93.1 98.27  

3 Name: Heptadecane  
Formula: C17H36, MW: 240  

90.5 98.3  

4 Name: Nonadecane  
Formula: C19H40, MW: 268  

91.3 97.34  

5 Name: Heneicosane  
Formula: C21H44, MW: 296  

92.2 96.92  

6 Name: Eicosane  
Formula: C20H42, MW: 282  

91.8 96.67  

7 Name: Docosane  
Formula: C22H46, MW: 310  

93.1 96.43  

8 Name: Hexacosane  
Formula: C26H54, MW: 366  

86.91 94.85  

9 Name: Heptacosane  
Formula: C27H56, MW: 380  

98.71 95.64  

10  Name: Naphthalene, decahydro-, trans-  
Formula: C10H18  

97.46  94.76  

11  Name: Benzene, (1-methylbutyl)-  
Formula: C11H16  
MW: 148  

89.15  93.55  

12  Name: 1-Methyldecahydronaphthalene  
Formula: C11H20  
MW: 152  

90.53  94.73  

13  Name: Benzene, tert-butyl-  
Formula: C10H14  
MW: 134  

90.82  92.99  

14  Name: trans-Decalin, 2-methyl-  
Formula: C11H20  
MW: 152  

89.98  97.64  

15  Name: Octane, 2,4,6-trimethyl-  
Formula: C11H24   MW: 156  

92.91  97.83  

16  Pristane compound I  
Formula: n-C19H40 ; MW : 268  

89.89  98.35  

17  Pristane compound II  97.71  96.34  

18  Farnithine compound I  96.5  95.24  

Total BE (%) 92.91 93.65  

 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) Spl. 
© Research India Publications.  http://www.ripublication.com

148




