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Abstract 
This research work is concerned with the bioconversion of a heavy hydrocarbon cut 
from a petroleum refinery using native anaerobic consortia. The heavy cut is taken 
from one of the end-cuts of the vacuum distillation column of Tehran refinery which is 
normally fed into Isomax unit (a catalytic cracking process) called Isofeed. The 
consortia for this study were prepared from the petroleum-contaminated sludge and 
soils from Abadan, Shiraz, Isfahan and Tehran petroleum refineries of Iran. Nine 
microbial samples were collected (A, B, C, and I) and examined. Microorganisms 
were cultivated in an anaerobic medium to which Isofeed from Tehran refinery was 
added under anaerobic conditions. After twice sub-culturing the samples, the oil was 
separated from the liquid and examined to identify its bioconversion extent. For this 
purpose, a column chromatograph method was used to separate saturates, aromatics 
and resins content of the oil. The results demonstrate that consortia A and C were able 
to increase the saturated and aromatics fractions of the oil and reduce the resins 
content of the oil. The saturated fractions of the bio-treated oil were also analyzed by a 
GC-MS analytical instrument. The GC-MS results revealed that the amount of normal 
chain hydrocarbons are reduced and the branched and cyclic hydrocarbons are 
increased.  
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1. Introduction 
Anaerobic bacteria are usually considered to 
be any organism that does not require oxygen 
for growth and may even die in its presence. 
Microorganisms that degrade hydrocarbons 
anaerobically can be divided into two groups, 
at least in relation to molecular oxygen [1]. 
The first group includes facultative 
anaerobes, which are normally associated 
with anaerobic condition but can grow under 

aerobic condition as well [2], such as nitrate, 
iron, and manganese reducing micro-
organisms. The second group comprises 
obligate anaerobes that can not grow in the 
presence of oxygen, such as sulfate-reducers 
[3, 4]. It has been proposed that differences 
in oxygen tolerance among anaerobes may be 
related to the effectiveness of defense 
mechanisms possessed by bacteria against 
toxic products of oxygen reduction [5]. 
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Metabolic reduction of oxygen results in the 
production of highly toxic and reactive 
oxygen species, such as superoxide 
anion )O( .

2 , hydrogen peroxide (H2O2) and 

the hydroxyl radical OH)(

 
[6]. Most aerobes 

have developed appropriate protective 
mechanisms to overcome the toxic effect of 
hydrogen peroxide and the superoxide anion 
[7]. 
It is well known that petroleum hydrocarbons 
can be degraded by microorganism under 
aerobic and anaerobic condition [3]. The 
driving force for petroleum biodegradation is 
the ability of microorganisms to utilize 
hydrocarbons to satisfy their cell growth and 
energy needs [8]. As alkanes are the major 
components of petroleum, numerous studies 
have been conducted on their 
biodegradability by different 
microorganisms. However, most of the 
earlier studies have focused on aerobic 
degradation, in which alkanes are initially 
oxidized to alcohols by monooxygenases [9]. 
In contrast, much less is understood about the 
mechanism of alkane degradation under 
anaerobic condition [9]. Some reports 
indicate that alkanes can be enzymatically 
dehydrogenated to alkenes [10], and the 
reaction may serve as an initial reaction for 
anaerobic alkane degradation [11]. The 
possibility of anaerobic oxidation of n-
alkanes of various chain lengths has been 
repeatedly investigated since the 1940s [12]. 
It is suspected that n-alkanes serve as growth 

substrates for anaerobes such as sulfate-
reducing bacteria and denitrifying bacteria, 
and are only slowly attacked in the absence 
of oxygen [9, 13, 14]. Several strains of 
alkane oxidizing anaerobes were isolated [15, 
16] that are specialized either on long chain 
(C12-C20) or on medium chain (C6-C16) 
alkanes and use either sulfate or nitrate as an 
electron acceptor. No anaerobic degradation 
of short chain alkanes (<C6) has been 
observed so far [15, 16]. Species of sulfate 
reducing and denitrifying bacteria that utilize 
alkanes are listed in Table 1.  
Many aromatic petroleum hydrocarbons are 
substituted by one or more alkyl chains of 
varying length, thus exhibiting much 
structural diversity. Anaerobic 
biodegradation of aromatics depends on the 
type and position of substitutes. For methyl 
substitutes, the anaerobic biodegradability of 
meta substitution is better than that of ortho 
substitution. The existence of COOH and 
OH on an aromatic ring will promote its 
anaerobic biodegradability [18]. Species of 
sulfate reducing and denitrifying bacteria that 
utilize aromatics are listed in Table 2.  
In this research work, the extent of anaerobic 
conversion of a heavy hydrocarbon cut in 
terms of the variation of its different 
constituents including saturates (aliphatics 
and cyclics), aromatics and resins is looked 
into. Mixed cultures of anaerobes have been 
isolated from the oil polluted sites of Iran and 
used for this purpose.    

Table 1. Reported bacteria isolates with the capacity of anaerobic oxidation of alkanes [9, 12,15-17] 

Genus and Species 
or Strain Designation 

Hydrocarbon 
Used for Isolation 

Range of 
n-alkane Utilized 

References 

Sulfate-Reducing Bacteria:    
Hxd3 n-Hexadecane C12-C20 15 
HD3 n-Decane C6-C14 20 
Pnd3 n-Pentadecane C14-C17 15 
AK01 n-Hexadecane C13-C18 18 
Dnitrifying Bacteria:    
Azoarcus sp. (HxN1) n-Hexane C6-C8 21 
OcN1 n-Octane C8-C12 21 
HdN1 n-Hexadecane C14-C20 21 
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Figure 2. GC-MS analysis of the saturated hydrocarbons fraction of biotreated sample A     

   

Figure 3. GC-MS analysis of the saturated hydrocarbons fraction of biotreated sample C.    
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Table 6 shows the weight percent of n-
alkanes taken from the GC-MS analysis 
report. In both samples, the major reduction 
of compounds is related to n-C10 to n-C12. Of 
which, approximately, 80% to 85% decrease 
in sample A and 53% to 42% decrease in 
sample C. The rate of reduction is less for 
longer chain hydrocarbons. As shown in 
Table 6, the percent of variations of n-C20 to 
n-C24 are reduced from -78.1% to -58.8% in 
sample A and -49.1% to -25.7% in sample C, 
respectively. In contrast, the weight percent 
variations of n-C25 and n-C26 are increased to 
3.6% and 58.7%, respectively. This could be 
attributed to breakage of high molecular 
resins into long chain hydrocarbons or 
biopolymerization of smaller chain 
hydrocarbons [18].  

4. Conclusions  
The gravimetric analysis of the results 
demonstrates that consortia A and C are able 
to increase the saturated and aromatics 
hydrocarbons of Isofeed (a heavy oil faction) 

as well as decrease the resins' content. The 
saturated components are increased by 6% 
and 20% for samples A and C, respectively. 
Also, the aromatic fractions are increased by 
about 110% and 46% in sample A and C 
respectively. In contrast, the reduction of 
resin content for sample A and C are 77% 
and 84% respectively. This reveals that 
anaerobic treatment (as a pretreatment stage) 
of heavy oil fractions could improve the oil 
quality in terms of reducing the heavier part 
of the oil, i.e., resins. In other words, the 
resins are converted to saturated and 
aromatic compounds. The GC-MS results of 
the saturated fraction of the oil show that the 
normal hydrocarbons are mainly decreased 
and, in contrast, the cyclic and branched 
alkanes appear. This could be partly due to 
consumption of lighter hydrocarbons 
resulting in an apparent increase of the other 
ones and also partly due to the breakage of 
resins into long chain alkanes. Further 
investigation is needed to understand the 
phenomena behind this process.  

Table 6. Weight percent of normal saturated hydrocarbons of Isofeed, sample A and sample C  

Sample A Sample C 

Retention 
Time(min) 

Component Isofeed 
Weight (%) 

Percent of 
variations 

Weight (%) 
Percent of 
variations 

3.11 10

 

0.84 0.13 -84.5 0.39 -53.6 

4.32 11

 

1.41 0.20 -80 0.66 -53.2 

5.57 12

 

0.88 0.13 -85.2 0.51 -42 

6.74 13

 

- -  -  

7.78 14

 

- -  -  

8.72 15

 

- -  -  

9.57 16

 

- -  -  

10.37 17

 

- -  -  

11.12 18

 

- -  -  

11.82 19

 

- 0.11  0.27  

12.49 20

 

1.14 0.25 -78.1 0.58 -49.1 

13.12 21

 

1.96 0.43 -78.1 1.11 -43.4 

13.73 22

 

3.92 1.21 -69.1 2.34 -40.3 

14.32 23

 

6.84 2.35 -65.6 4.45 -34.9 

14.88 24

 

9.70 3.95 -59.2 7.21 -25.7 

15.41 25

 

9.18 3.78 -58.8 9.51 +3.6 

16.25 26

 

1.79 -  2.86 +58.7 
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