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ABSTRACT  

The present study reveals that the effect of microbial 

contamination of diesel was examined through controlled 

experiments in a synthetic medium. For this, Bushnell-Haas 

broth was employed with diesel supplementation. Both in diesel 

supplemented and unsupplemented, bacterial cultures were 

inoculated and after 15 days, the population changes was 

examined in all the five test bacteria mainly Moraxella sp., 

Thiobacillus sp., Sulfobacillus sp., Gallionella sp. and Brucella 

sp. were found to utilize the hydrocarbon, diesel on the basis of 

an increase in their population. Simultaneously culture filtrate 

was subjected to FTIR and NMR analysis to understand the 

nature of diesel degradation in the Bushnell-Haas broth. In 

order to check the application of biocide such as CTAB, 

experiments conducted with CTAB at two different 

concentrations. Even though CTAB exhibited degradation on 

bacteria after 7 days, slow recovery of bacterial cells was 

recorded. NMR analysis indicates the effective degradation of 

diesel with the test bacterium. The probable mechanism of 

diesel degradation by these organisms could be oxidation as 

revealed by the respective peaks in the NMR spectrum. On the 

basis of this analysis, it could be concluded that Gallionella sp. 

was the most efficient organism in diesel degradation followed 

by Moraxella sp., Thiobacillus sp. and Sulfobacillus sp. similar 

pattern was recorded in FTIR analysis also. 
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INTRODUCTION 

In 1946, Zobell
1
 reviewed the action of microorganisms on hydrocarbons. He recognized that 

many microorganisms have the ability to utilize hydrocarbons as a sole source of energy and that 

such microorganism are widely distributed in nature. He further recognized that microbial 

utilization of hydrocarbons was highly dependent on the chemical nature of the compounds 

within the petroleum mixtures and on the environmental determinants. 

Biodegradation of petroleum in a natural ecosystem is complex. The evolution of the 

hydrocarbon mixture depends on the nature of the oil, the nature of the microbial community and 

a variety of environmental factors, which influence microbial activities. 

Attention has been focused on marine environments as they are the ultimate receptors of 

hydrocarbon pollutants (Gibson, 1968; Zobell, 1973; Vander Linden, 1978; Atlas, 1981)
2-5

. 

The ability to degrade petroleum hydrocarbons is not restricted to a few microbial genera. A 

diverse group of bacteria and fungi have been shown to have this ability. Zobell (1946)
1
 in his 

review noted that more than 100 species representing 30 microbial genera had been shown to be 

capable of utilizing hydrocarbons. In a review, Bartha and Atlas (1977)
6
 too listed 22 genera of 

bacteria, 1 algal genus and 14 genera of fungi, which had been demonstrated to contain 

members, which utilize petroleum hydrocarbons. All of these microorganisms had been isolated 

from aquatic environments. The most important (based on frequency of isolation) genera of 

hydrocarbon utilizers in aquatic environments were Pseudomonas sp., Achromobacter sp., 

Micrococcus sp., Nocardia sp., Candida sp., Vibrio sp., Acinetobacter sp., Brevibacterium ap., 

Rhodotorula sp., Sporobolomyces sp., Corynebacterium sp. and Flavobacterium sp. (Bartha and 

Atlas, 1977)
6
. 

Walker et al. (1975)
7
 compared the abilities of bacteria and fungi to degrade hydrocarbons. The 

following genera were included in their study Candida sp., Sporobolomyces sp., Hansenula sp., 

Rhodotorula sp., Cladosporium sp., Penicillium sp., Aspergillus sp., Pseudomonas sp., Vibrio 

sp., Leucothrix sp., Nocardia sp. and Rhodium sp. Walker et al. (1976)
8
 isolated Vibrio sp., 

Pseudomonas sp. and Acinetobacter sp. from oil contaminated sediments and Pseudomonas sp. 

and Coryneform sp. from oil free sediment. A large number of Pseudomonas sp. have been 

isolated that are capable of utilizing petroleum hydrocarbons. The genetics and enzymology of 
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hydrocarbon degradation by Pseudomonas sp. has been extensively studied (Chakrabarty, 1972; 

Chakrabarty et al., 1973; Dunn and Gunsalus, 1973)
9-11

. The genetic information for 

hydrocarbon degradation in these organisms generally has been found to occur on plasmids. 

Numerical taxonomy has also been used to examine petroleum degrading bacteria (Austin et al., 

1977)
12

. Storage of fuel in refineries and by distributors allows microbial activities to cause the 

production of biomass at an oil / water interface. 

Lepetit and Barthelemy (1968)
13

 reported that the concentration of available nitrogen and 

phosphorus in seawater are severe limiting factors for microbial hydrocarbon degradation. 

Another investigator (Kinney, 1968)
14

, however, are of the opinion that nitrogen and phosphorus 

are not the limiting in seawater since microorganisms require nitrogen and phosphorus for its 

incorporation into biomass and that the availability of these nutrients within the same area as that 

of hydrocarbon is critical. Colwell et al. (1978)
15

 concluded that metula oil is degraded slowly in 

the marine environment most probably because of limitations imposed by the relatively low 

concentrations of nitrogen and phosphorus available in seawater. 

As with nutrients, there has been controversy over whether oxygen is absolutely required for 

hydrocarbon degradation or whether hydrocarbons are subject to anaerobic degradation. The 

current evidence supports the view that anaerobic degradation by microorganisms at best 

proceeds at negligible rates in nature. The existence of microorganisms which are capable of 

anaerobic hydrocarbon metabolism has not, however, been excluded (Atlas, 1981)
5
. In the case 

of Pseudomonas strain studied by Senez and Azoulay (1961)
16

, the organisms consumed oxygen 

when grown on heptane even though it had an n-heptane dehydrogenase enzyme. The 

importance of oxygen for hydrocarbon degradation is well indicated by the fact that the major 

degradative pathways for both saturated and aromatic hydrocarbons involve oxygenases and 

molecular oxygen. 

Degradation of hydrocarbons has been reviewed (Atlas, 1981)
5
 and n-alkanes are generally 

considered the most readily degraded bacteria (SRB) can use a wide range of fatty acids 

including acetate, lactate, propionate, butyrate and fatty acids up to C18 and some phenyl 

substituted acids (Widdel, 1980)
17

. The generally accepted view is that anaerobic degradation of 

hydrocarbons is a very slow process as compared to aerobic degradation. 



www.ijppr.humanjournals.com 

Citation: Karuppasamy Murugan et al. Ijppr.Human, 2016; Vol. 6 (2): 324-348. 

327 

Schwarz et al. (1975)
18

 examined the growth and utilization of hydrocarbons at ambient and 

insitu pressure for deep-sea bacteria. The rate of hydrocarbon utilization under high pressure and 

ambient temperatures were found to be significantly low than the rates found under conditions of 

ambient temperatures and atmospheric pressure, whereas 94% hexadecane was utilized within 8 

weeks at 1 bar while at 500 bars it took 40 weeks for similar degradation. It appears that oil, 

which enters deep-ocean environments, will be degraded very slowly and persist for long periods 

of time. Water is essential for biodegradation but less than 0.1% is enough for microbial activity 

(Degray and Killian, 1962)
19

. Most hydrocarbon degrading microorganisms prefer a near neutral 

pH while some organisms can tolerate extreme values. 

For a fuel to be of marketable quality, it must be clear and bright (C+B). Microbial growth can 

often cause severe turbidity and cloudiness. This arises in one of two ways. Any mixing of 

interfacial growth can often produce particles of such a density that they remain in components. 

The hydrocarbon range of gasoline, C5-C9 is less likely to be degraded, but kerosene with a 

hydrocarbon range of C10-C18 is more susceptible (Hill, 1984)
20

. The preferential removal of C15-

C35 n-alkanes relative to branched and cyclic alkanes is recognized as a standard feature in 

biodegradation of crude oils (Cannan, 1984 and 1987)
21-22

. Degradation normally proceeds by a 

mono terminal attack wherein usually a primary alcohol is formed followed by aldehyde and a 

mono carboxylic acid. Further degradation proceeds via β-oxidation but extensive methyl 

branching interferes with this process. Microorganisms convert aromatic hydrocarbons, by an 

initial dioxygenase attack, to dihydrodiols that are further oxidized to dihydroxy products. 

Condensed polycyclic aromatic are degraded, one ring at a time, by a similar mechanism but 

biodegradability declines with a number of the rings and the degree of condensation (Higgins 

and Gilbert, 1978)
23

. 

SCOPE AND AIM OF THE STUDY 

Most hydrocarbons are stored above ground in steel or lined concrete tanks. However, this type 

of storage is seldom used in the long term basis. In the long term in fuel contamination, filter 

plugging and corrosion of tanks and souring of stored products. In order to prevent the effects of 

microbial growth, several lines of approach have been used, namely good housekeeping 

practices, treatment with biocides to limit growth and the use of special tank linings etc. Recently 

Jana (1999)
24

 noticed a failure in an oil pipeline at Mumbai offshore. They suggested that the 
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combined effect of CO2, SRB, and chloride in the low velocity area caused the severe corrosion 

and the failure of the pipeline. Besides, they commented that premature failure of machinery, 

equipment structural breakdown and explosion due to leakage of inflammable gases or liquids 

from corroded pipelines, contamination of products / water etc. lead to losses of around Rs. 8000 

crores / annum in India, which should be protected to avoid the economic loss. 

Microbial contamination of fuels has been the cause of intermittent operational problems 

throughout the world for many years and more recently the frequency and severity of the cases 

appear to have been increasing dramatically. This increase may be due to several factors, or a 

combination thereof such as: changes in fuel souring and quality; increasing use of additives 

which may provide the much required limiting micro-nutrients for biological growth; alterations 

in housekeeping practices and storage techniques / requirements and lastly, an increased 

awareness of the possibilities of microbiological growth or education to petroleum engineers, 

chemists and operators. 

Hence, knowledge of microbial problems occurs in this type of storage and pipeline and it is 

important to develop methods or propose designs so as to minimize oil degradation / corrosion 

problems. 

The petroleum industries are universally facing a tough time due to degradation and corrosion in 

the pipeline due to sludge petroleum product accumulation. Genetic diversity and molecular 

evolution among microbial consortia makes them more potent enough to transform or utilize the 

hydrocarbons before starting corrosion. The above mentioned diesel impacts and its degradation 

laid the foundation for this research on similar fields and the present study had the following 

pattern of work as objectives: 

 Isolation and identification of microbes from the oil pipeline. 

 Studies on the ability of the organisms to degrade the hydrocarbons based on 

 Effect of incubation for 15 days. 

 Regarding the control aspect, quaternary ammonium compound was selected to study the 

biocidal effect. 

 FTIR analysis of the degraded diesel for fraction studies. 

 NMR analysis of the degraded diesel for fraction studies. 
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MATERIALS AND METHODS 

Sampling area 

Muck sample was collected using sterilized conical flasks at various sites of the oil pipelines, 

northeast of India. 

Strains employed for diesel degradation 

From a total number of 45 bacterial strains (isolated and identified, previously by CECRI 

scientists as oil degraders), 5 identified genera which ways considered as highly efficient (from 

the degradation studies through turbid metric analysis) were chosen for the current diesel 

degradation studies and they were Moraxella sp., Thiobacillus sp., Sulfobacillus sp., Gallionella 

sp. and Brucella sp. 

Media employed for diesel degradation 

The medium used for detecting the oil degrading process by bacteria was Bushnell-Haas broth 

medium composed of: magnesium sulphate – 0.20g, calcium chloride – 0.02g, mono potassium 

phosphate – 1.0g, dipotassium phosphate – 1.0g, ammonium nitrate – 1.0g, ferric chloride – 0.05 

g, deionised water – 1000ml, final pH – 7.0 ± 0.2 (Hi-Media, Mumbai) and Bushnell-Haas agar 

medium composed of: magnesium sulphate – 0.20g, calcium chloride – 0.02g, mono potassium 

phosphate – 1.0g, dipotassium phosphate – 1.0g, ammonium nitrate – 1.0g, ferric chloride – 0.05 

g, agar agar – 20.0g, deionised water – 1000ml, final pH – 7.0 ± 0.2 (Hi-Media, Mumbai). 

Experimental work of the degradation process 

Two sets of bottles were used for the diesel degradation studies using the selected bacterial 

strains. To one set of the bottles containing volumes of 5ml of each of the bacterial strains was 

added to 10ml of diesel and 100ml of media. Total viable count inoculated as the first day was 

enumerated in each set of bottles. The control was identically maintained but without the 

inoculums. 

To another set of bottles containing 5ml of each bacterial culture was added 100ml of media 

without adding diesel. The total viable count inoculated on the first day was enumerated in each 
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set of the bottles. All the bottles were maintained at room temperature for an incubation period of 

15 days, after which the hydrocarbon utilizing bacterial population was enumerated. 

Confirmative test for diesel degrading bacterial strains 

To confirm the diesel degrading effect by the strains, after the fifteenth day of the incubation 

period, one lapful of each culture from respective bottles were taken and streaked on Bushnell-

Haas agar plates and were incubated for about 15 days at 37
0
C temperature and the results were 

observed for growth. 

Extraction of diesel 

After incubation, the degraded samples were separated for analytical purposes using a separating 

funnel. Much care was taken to see that the extracted oil was a clear solution without any water 

content. 

Biocidal effect of diesel degradation 

Cetyl trimethyl ammonium bromide (CTAB) which is used to control oil degradation was 

selected as a biocide. One gram of CTAB has been dissolved in 100ml of ethylene glycol 

monobutyl ether as a stock solution (1000ppm). After addition of 5ppm and 10ppm of the stock 

solution was used to test their efficiency on the growth of hydrocarbon degrading bacterial 

population which was detected by pour plate technique. Another set was compared identically 

without the biocide. 

Analysis of the degraded diesel by Fourier transmission infra-red spectroscopy (FTIR) 

FTIR was used to detect the functional group of a compound. Perkin Elmer, UK make, Paragon 

500 model FTIR was used for the analysis of the oil samples. The spectrum was taken in the mid 

IR region of 400-4000cm
-1

 with 16-scan speed. The samples were mixed with spectroscopically 

pure chloroform in the ratio of 1:100 and pellets were fixed in the sample holder and the analyses 

were carried out. 
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Analysis of the degraded diesel by nuclear magnetic resonance spectroscopy (NMR) 

NMR analysis was used to detect the protons of the nuclei in the compound. This analysis was 

made under the following conditions: 

Model   - Perkin Elmer spectrometer NMR (90 MHz) 

Solvent  - Carbon tetra chloride 

Reference standard - Tetra methyl silane 

Volume of injected - 20 µl samples 

 

RESULTS AND DISCUSSION 

Microbial contamination of fuel has been the cause of intermittent operational problems 

throughout the world for many years and more recently, the frequency and severity of the cases 

appear to have been increasing dramatically. The degradation problem arises where excellent 

food sources (hydrocarbon fuels) for a wide variety of microorganisms are allowed to remain at 

stimulating temperatures, in contact with water. Roffey (1989)
25

 reported that aerobic and 

anaerobic degradation of crude oil / refined products of diesel occurred in storage tanks. 

Total viable count in the presence and absence of oil with Bushnell-Haas broth medium 

Table – 1 and Table – 2 portrays changes of the bacterial population in the presence and absence 

of diesel from Bushnell-Haas broth medium. 

Bacterial load in Bushnell-Haas broth medium supplemented with diesel over a period of 15 days 

was recorded and presented in Table – 1. From this, it evident that all the 5 bacterial cultures 

were able to utilize / degrade diesel resulting in a corresponding increase in population. 

Irrespective of the initial load, all the 5 bacterial inoculants exhibited 10 fold increases in the 

population density at the end of the experimental period (15
th

 day of incubation). 
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Fig. 1: Sampling bottles indicating the level of hydrocarbon degradation at the end of 

fourth day`of incubation 

Legend: A. Moraxella sp. with 100ml media and 5ml diesel, B. Thiobacillus sp. with 100ml 

media and 5ml diesel, C. Sulphobacillus sp. with 100ml media and 5 ml diesel, D. Gallionella 

sp. with 100ml media and 5ml diesel, E. Brucella sp. with 100ml media and 5ml diesel,             

F. Control with 100ml media and 5ml diesel. 

 

Fig. 2: Sampling bottles indicating the level of hydrocarbon degradation at the end of 

fifteenth day of incubation 
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Legend: A. Moraxella sp. with 100ml media and 5 ml diesel, B. Thiobacillus sp. with 100ml 

media and 5ml diesel, C. Sulphobacillus sp. with 100ml media and 5ml diesel, D. Gallionella sp. 

with 100ml media and 5ml diesel, E. Brucella sp. with 100ml media and 5ml diesel, F. Control 

with 100ml media and 5ml diesel. 

Davis, 1967; Higgins and Gilbert, 1978; Atlas, 1981
26, 23 and 5

 were stated that the types and 

ability of microorganisms to degrade petroleum hydrocarbons have been widely documented. 

Water is essential for biodegradation but, less than 0.1% of it is enough for microbial activity. 

Most degrading microbes prefer a near neutral pH except that some organisms can tolerate 

extreme values.  

Table – 1: Changes in bacterial population in diesel supplemented Bushnell-Haas broth 

medium 

 

 

Sr. 

No. 

 

 

Bacterial strains 

Duration of incubation  

Difference in 

population 

CFU/ml 

1
st
 day 

CFU/ml 

15
th

 day 

CFU/ml 

1. Moraxella sp. 6.9 × 10
7
 5.6 × 10

8
 4.91 × 10

1
 

2. Thiobacillus sp. 3.10 × 10
7
 3.00 × 10

8
 2.69 × 10

1
 

3. Sulfobacillus sp. 3.2 ×10
6
 3.20 × 10

7
 2.88 × 10

1
 

4. Gallionella sp. 3.02 × 10
7
 3.22 × 10

8
 2.91 × 10

1
 

5. Brucella sp. 3.12 × 10
6
 3.12 × 10

7
 2.80 × 10

1
 

 

On the other hand, examining the data presented in Table – 2 clearly reveals the inability of the 

bacterium to survive in Bushnell-Haas broth without diesel supplemented as all of them load 

exhibited remarkable reduction is viable cells that ranged from -2.21 × 10
1
 to -5.31 × 10

3
. 
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Table – 2: Changes in bacterial population in Bushnell-Haas broth medium 

 

 

Sr. 

No. 

 

 

Bacterial strains 

Duration of incubation  

Difference in 

population 

CFU/ml 

1
st
 day 

CFU/ml 

15
th

 day 

CFU/ml 

1. Moraxella sp. 6.0 × 10
6
 6.9 × 10

3
 -5.31 × 10

3
 

2. Thiobacillus sp. 3.00 × 10
5
 2.86 × 10

4
 -2.71 × 10

1
 

3. Sulfobacillus sp. 2.5 ×10
5
 2.9 × 10

4
 -2.21 × 10

1
 

4. Gallionella sp. 2.8 × 10
6
 2.72 × 10

4
 -2.52 × 10

2
 

5. Brucella sp. 2.78 × 10
6
 2.85 × 10

3
 -2.49 × 10

3
 

 

Fig. 3: Portraying growth of diesel degrading colonies at the end of fifteenth day of 

incubation 

Legend: A. Moraxella sp., B. Thiobacillus sp. and F. Control  

 

Fig. 4: Portraying growth of diesel degrading colonies at the end of fifteenth day of 

incubation 

Legend: C. Sulphobacillus sp., D. Gallionella sp. and E. Brucella sp.  
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Biocidal effect of diesel degradation 

One gram of cetyl trimethyl ammonium bromide (CTAB) was dissolved in 100ml of monobutyl 

ethylene glycol (1000ppm). 5ppm and 10ppm were selected for experimental studies. Table – 3 

shows that the count of mixed bacterial culture in the presence of CTAB was about 10
1
 on the 

seventh day. But there were no bacteria on the third and fifth day. But in control system bacterial 

count was in the range between 10
6
 and 10

9
. It reveals that CTAB act as a good biocide up to 

seven days. Since it is a cationic biocide, it disturbs the arrangement of negatively charged 

phospholipids of bacteria and makes the bacteria lyse (Denyer, 1990)
27

. 

CTAB a biocide has been checked for it biocidal activity against 5 bacterial isolate in the 

presence of diesel at two concentrations of 5ppm and 10ppm and the results are presented in 

Table – 3. From this, it evident that all five bacterial isolates were exhibited by CTAB even at 

5ppm. But low recovery of bacterial population was recorded at the first day of incubation. This 

indicates that CTAB is probably a bacteriostatic agent in the population of bacterium that was 

recorded at the end of the seventh day probably is composed of CTAB resistant population. 

Jack and Westlake (1995)
28

 reported that oil production facilities can be routinely treated with 

biocides to control or eliminate microbes held responsible for souring (the formation of H2S) or 

microbially influenced corrosion (MIC). Biocides can be divided into two groups: the oxidizing 

and non-oxidizing biocides. The latter are generally used to control microorganisms in systems 

with a high content of organics and include aldehydes, amine type, halogenated and sulphur 

compounds and quaternary phosphoric salts. The amines compounds can be divided into 

quaternary amine and amine and diamine biocides. The general formula of diamine biocides is 

R1-NH-R2-NH2 with aliphatic chains of 12 to 16 (R1) or 3(R2) carbon atoms reported by 

Voordouw et al., 1993
29

. 
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Table – 3: Biocidal effect of CTAB on diesel degrading bacterial strains 

 

No. of 

days 

Bacterial 

strains with 

diesel CFU/ml 

Bacterial strains, diesel and CTAB 

5ppm 10ppm 

1
st
 day 10

4
 No growth No growth 

3
rd

 day 10
5
 No growth No growth 

5
th

 day 10
8
 No growth No growth 

7
th

 day 10
9
 10

1
 CFU/ml 10

1
 CFU/ml 

FTIR analysis of diesel degradation 

In fig. 5, the IR spectroscopy of pure oil showed the characteristics bands at 2954 cm
-1

, 2923 cm
-

1
 and 2854 cm

-1
 (C-H aliphatic stretch); 1604 cm

-1
, 1557 cm

-1
 (C=C stretch in aromatic nuclei); 

781 cm
-1

, 699 cm
-1

 (meta disubstituted benzene) and 810 cm
-1

 (disubstituted benzene). 

 

Fig. 5: FTIR analysis of pure diesel 

In fig. 6 of the control system, the spectrum showed bands of Bushnell-Haas broth medium with 

diesel (without bacteria) at 2954cm
-1

, 2923cm
-1

 and 2854cm
-1

 (C-H aliphatic stretch). 1604cm
-1

, 

1463cm
-1

 (C=C aromatic nuclei), 781cm
-1

, 699cm
-1

 (meta substituted benzene) and 810cm
-1

 

(disubstituted benzene). 
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Fig. 6: FTIR analysis of the sample containing 100ml media and 10ml diesel 

The spectrum of Moraxella sp. with free OH peaks at 3435cm
-1

, CH aliphatic stretch at 2955cm
-

1
, 2924cm

-1
and 2854cm

-1
, C=C conjugated diene at 1633cm

-1
 and CH def. in methyl at 1463cm

-1
 

and 1377cm
-1

 were noticed. In the presence of Thiobacillus sp. also the OH peak, CH aliphatic 

stretch, conjugated diene and CH def. in methyl group were noticed (Fig. 7 & 8). 

 

Fig. 7: FTIR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Moraxella sp.  
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Fig. 8: FTIR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Thiobacillus sp.  

Spectrum for Sulphobacillus sp. showed peaks of OH, CH aliphatic stretch, conjugated diene, 

CH def. in methyl, meta disubstituted and disubstituted benzene (Fig. 9). 

While adding Gallionella sp. CH aliphatic stretch, C=C aromatic nuclei, conjugated diene were 

observed. Besides, it was noticed that the presence of transmittance at 1456cm
-1

 and 1377cm
-1

 

were higher when compared to control (Fig. 10). 

 

Fig. 9: FTIR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Sulphobacillus sp. 
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Fig. 10: FTIR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Gallionella sp. 

In FTIR spectrum of Brucella sp. it was seen that the observed peaks were OH group, CH 

aliphatic stretch, conjugated diene, CH def. in methyl and meta disubstituted benzene (Fig. 11). 

 

Fig. 11: FTIR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Brucella sp. 
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The spectrum of pure oil indicated the presence of carbon and hydrogen stretching bond and 

carbon hydrogen def. in methyl. When bacterial strains were added new peaks mostly occurred at 

1633cm
-1

 which could be identified as carbon=carbon double bond. From FTIR spectrum, it can 

be concluded that the bacterial strains played a major role on oil degradation. In the presence of 

selected strains, aromatic nuclei peaks disappeared because of degradation. It can be assumed 

that C=C aromatic bonds were broken by Moraxella sp. and converted as aliphatic C=C 

stretching bond. In the presence of Gallionella sp. benzene degradation could not be observed. 

The low percentage of transmittance in Brucella sp. at 1633cm
-1

 revealed the formation of 

aliphatic bond stretch at higher level than the other strains. So it can be assumed that the Brucella 

sp. takes more energy from aromatic than the aliphatic chains. 

The increased transmittance at 1456 and 1377 cm
-1

 show that the stretch of C=C aliphatic bond is 

weakened by Gallionella sp. The following mechanisms can be explained in the presence of 

Gallionella sp. 

Diesel contamination has a more complex effect. The effects of diesel and crude oil have been 

studied in oil-spilled soils by Delille (2000)
30

. Hydrocarbon degrading bacterial abundance has 

been found to increase after diesel oil addition. Lloyed-Jones and Trudgill (1989)
31

 noticed that 

the isolated alicyclic hydrocarbon utilizing consortia (Rhodococcus sp., Flavobacterium sp. and 

Pseudomonas sp.) from oil refinery soil and found that it was unstable, rapidly losing the ability 

to grow with methyl cyclohexane when placed on non-selective media due to the effect of a wide 

range of alicyclic hydrocarbons and related compounds in soil. 

NMR analysis of diesel degradation 

The NMR spectrum of pure diesel showed some major peaks at 0-3 δ. It indicated the presence 

of aliphatic protons only. The presence of another peak at 7 δ indicated the presence of benzene 

(Fig. 12). The peaks were saturated after the degradation process by bacterial strains. 

The new peaks obtained at 4-5 δ after the degradation by bacterial strains, indicated the addition 

of oxygen with carbon atoms. The present study also revealed that the aliphatic hydrogen was 

consumed by the degrading bacterial carbon-hydrogen bond and was cleaved into carbon-oxygen 

bond (Fig. 13). 
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(CH2-CH2) n    Bacterial Metabolism    (CO-CH2) n 

The NMR spectrum of culture filtrate of Moraxella sp. showed less of (CO-CH2) groups. This 

could be, due to very slow addition of oxygen (consumption of hydrogen) by this strain, which 

meant that small amount of hydrogen group was consumed by Moraxella sp. (Fig. 14). 

Thiobacillus sp. produced less (CO-CH2) group similar to that of Moraxella sp. (Fig. 15). 

The NMR spectrum of Sulphobacillus sp. showed less (CO-CH2) groups. This could be due to 

slow addition of oxygen by this strain, which means the minimum amount of hydrogen group 

was consumed by Sulphobacillus sp. (Fig. 16). 

From the NMR spectrum it could be explained that the addition of oxygen was the common 

mechanism for all strains. Gallionella sp. produced more (CO-CH2) groups. This could be due to 

a very rapid addition of oxygen by this strain, which meant that large amount of hydrogen group 

was consumed by Gallionella sp. (Fig. 17) when compared to other strains (Fig. 12-18). 

 

Fig. 12: NMR analysis of pure diesel 
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Fig. 13: NMR analysis of the sample containing 100ml media and 10ml diesel 

 

 

Fig. 14: NMR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Moraxella sp. 
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Fig. 15: NMR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Thiobacillus sp. 

 

 

Fig. 16: NMR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Sulphobacillus sp. 
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Fig. 17: NMR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Gallionella sp. 

 

 

Fig. 18: NMR analysis of the sample containing 100ml media, 10ml diesel and 5ml of 

Brucella sp. 
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Langbehn and Steinhart (1995)
32

 went on to study the microbial degradation of diesel fuel and 

lubricating oil in artificial soils. Soon after one week, an alicyclic and branched chain aliphatic 

organic acids, as well as diacids and aromatic ketones, were formed by degradation. 

Predominantly, the aliphatic hydrocarbons were found to be degraded. Similarly, we were able to 

observe in our study that within 15 days of incubation, both by single and microbial consortia, 

the aliphatic hydrocarbons had undergone degradation. 

The biodegradation of aliphatic and aromatic hydrocarbons present in diesel oil by Pseudomonas 

sp. was studied by Sepic et al. (1999)
33

 who observed and reported that the degradation of 

aliphatic was quicker than aromatic compounds with 20 days of incubation. Identically, in this 

experimental work too, the rates of degradation of aliphatic hydrocarbons were found to be high 

when compared to the rates of degradation of aromatic hydrocarbons. 

April (2000)
34

 noticed that sixty-four species of filamentous fungi from five flare pits in northern 

and western Canada were tested for their ability to degrade crude oil using gas chromatographic 

analysis of residual hydrocarbon following incubation. Gas chromatography indicated that 

species capable of hydrocarbon degradation attacked compounds within the aliphatic fraction of 

crude oil, nC12-n-C26and degradation of compounds that in the aromatic fraction was not 

observed. 

NMR spectrum for Brucella sp. too showed the absence of CO-CH2 formation at 4-5 δ value 

(Fig. 18). It can be explained that there is no conversion of aliphatic hydrocarbons. The addition 

of oxygen (consumption of hydrogen) by used strains is as given below: 

Brucella sp. <Sulfobacillus sp. <Thiobacillus sp. <Moraxella sp. <Gallionella sp. 

Similarly, the works of Dagher et al. (1997)
35

 on the polycyclic aromatic hydrocarbon degrading 

bacterial strains showed Pseudomonas putida, Pseudomonas fluorescens and Pseudomonas 

aeruginosa, to be isolated from the oil contaminated soil which was further characterized by 

specific features regarding PAH degradation. Of all the most efficient strain in terms of substrate 

specificity and rapidity to degrade PAH’s was the Pseudomonas aeruginosa. During the current 

study Brucella sp. was the most prevalent and dominant aromatic hydrocarbon degrading 

bacteria. 
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Temperatures also play a vital role in the physical nature and chemical composition of the oil, 

rate of hydrocarbon / inhibitor metabolized by the microorganism and on the microbial 

community (Atlas, 1981)
5
. Rates of degradation of oil have generally been observed to decrease 

with decreasing temperatures (Sadhushyamala, 1998)
36

. Higher temperatures in the range of 

30
0
C to 40

0
C increase the metabolic activity to a maximum (Arumugam, 1999)

37
. Considering 

this factor, the effect of temperature as the parameter was worked out at room temperature for 

the preferential purpose. 

Smart (1992)
38

 also suggested that corrosion could occur when stratification of the pipeline 

liquids prevents the corrosion inhibitor from reaching the upper wall of the pipe. In oil pipelines, 

water can stratify also at the bottom of the line if the velocity is less than the required to entrain 

the water and sweep it through the system. Hence, biodegradation of oil is also possible in 

transporting pipeline also.  

CONCLUSION 

This investigation clearly indicates that, the possibility of a breakdown of diesel by various 

bacterial strains. Even though these isolates could be useful in the bioremediation of diesel 

polluted habitat, their presence in diesel storage and transportation facilities would lead to the 

reduction in the quality of diesel and in turn economic loses. More experiments need to be 

carried out with a different biocide to ensure the effective inhibition of the bacteria in diesel. 
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