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ABSTRACT: It was known that crude oil can be mainly divided into saturates, aromatics, resins, and asphaltenes. If
microbial biodegradation of asphaltenes is effectively viable, additional oil production will be expected from depleted
oil reservoir. Meanwhile, biodegradation can be applied to other aspects, such as the bioremediation of spilled oil. In
this case, the biodegradation of asphaltenes also plays an important role. It has been already reported that asphaltenes
are decomposed by bacterial consortia. However, the biodegradation mechanism of asphaltenes has not been clearly presented.
The major reason is that the molecular structure of asphaltenes is complicated and is mainly in a aggregated form. In
this paper, it was presumed that the biodegradation process of asphaltenes may follow the microbial oxidation mechanism
of saturates and aromatics which are easier biodegradable than asphaltenes among the crude oil components. In other
words, the biodegradation process was explained by serial stages; the contact between asphaltenes and bacteria in the
presence of biosurfactants, and the decomposition of alkyl groups and fused-rings within the asphaltene structure.
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Fig. 1. One example of asphaltene molecules”.
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Fig. 2. Potential places where petroleum asphaltenes can
be found. Here, gray color was used to emphasize the more

chance of the oxidation of isolated asphaltenes.
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Table 1. Comparison of Asphaltene Structure Changes before and after Oil Recovery

Cases

Before Recovery
(Subsurface)

After Recovery
(Open Air)

Residence of asphaltenes

Degree of oxidation reaction in cytoplasm
Anaerobic or aerobic biodegradation
Application MEOR

Any chances to degrade completely?

Crude Oils, Bitumens
Negligible
Mostly Anaerobic

Not In This Case

Spilled Oils In Water Or Soils

Outer Layer Of Asphaltene Fused Rings
Mostly Aerobic

Remediation

If Possible, Yes
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Table 2. Comparison of Bacteria Working between MEOR and Remediation

Character MEOR Remediaton
Main Environment Of Bacteria Anaerobic Aerobic
Activity Of Oxidase Not Necessarily O
Formation Of Biofilm O O
Cytoplasmic Intake Of Chemicals Not Necessarily O
Biomineralization Capability x O
Asphaltene
Hioéefulie P lwan Cel i
l g ‘ memlljrane Ribosome
ve @ :

. o

(@] © o
= Nucleoid o O Flagellum
o °s M I

(@]
Cytoplasm Plasmid

0 /

Bacteria
0.5~5um

Fig. 3. Conceptual diagram of asphaltenes and bacteria.
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Fig. 4. Conceptual illustration of possible pathways of asphaltene aerobic biodegradation. Extracelluar and intracellular

biodegradation options were presented.
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Table 3. Selected Results of Asphaltene Biodegradation when Asphaltenes were used as Energy Source for Microbial Growth
without Additional Supply of Bio-Based Nutrients

Strains Degradation Of Asphaltenes Ref.

Five strains were screened from twenty-five asphaltene

Pseud TMU2-5, Bacillus licheni } . . .
SCUsOMONGs Spp » Bacillus licheniformis degradable strains. Asphaltene degradation was obtained

TMUI-1, Bacillus lentus TMUS5-2, Bacill . 14
TMU;— 0213 Z; de;:csillus Sirmus F;z]f/iULgs_zcereus }lp to 48% in the presenc§ of B. lentus TMUS-2 and also
in the presence of 5 species
Pseudomonas aeruginosa, Pseudomonas fluorescens, Four different consortia were evaluated to degrade
Citrobacter amalonaticus, Enterobacter clocae,  asphaltenes at the concentrations of 2-35 g/L. Up to 15
Staphylococcus hominis, Bacillus cereus, 51.5% of asphaltene degradation was observed in shaking
Lysynibacillus fusiformis condition.
Degradation of ~ 10% of halt d 59~72% of
Pseudomonas aeruginosa Gx, Fx cEra a.lon ° © Of purs asphatiencs an °0 16
crude oil asphaltenes were observed.
49% of asphal i ith
Enterobacter cloacae, Pseudomonas aeruginosa Up to 49% o as phaltene degradation was reported wit 17
the help of sodium dodecyl benzene sulfonate.
Bacterial consortia were evaluated if highly concentrated
asphaltenes can be efficiently decomposed or not.
Rhodococcus, Bacillus, Stutzerimonas, Maximum tolerance of six bacteria was observed at 60 18
Cellulosimicrobium, Pseudomonas, and Paenibacillus g/L. of asphaltene concentration. Asphaltene degradation
was achieved up to 83% at 10 g/L of asphaltene
concentration.
Bacillus thruringiensis SSL1 and Asphaltene degradation was obtained up to 67.4~76.4% at 19
Bacillus cereus SSSL3 the asphaltene concentration of 20 g/L. (in vitro)
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