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Abstract. Water is one of the most important resources in the universe. This is due to the fact that all life 

processes require the use of water. The rate at which petrochemical refineries release wastewater is 

alarming, and needs to be stoped. Many attempts to improve the efficiency of treatment methods of 

petrochemical refining wastewater have been made, among which bioremediation is considered an 

emerging advancement. Bioremediation incentivized the identification and characterization of most 

bacteria responsible for the breakdown of petrochemical refinery wastewater pollutants. The use of 

genomic approach (DNA and RNA sequence) in the identification of these bacteria is widely accepted. 

However, proteins and metabolites as functional entities in a cell are gaining less attention but could still 

be used to give an accurate insight into how Bacteria respond to pollutants in refinery wastewater. This 

review aims to find out the present trend and predicting the future prospect of the concept of a molecular 

genetics approach to uncover the function of bacteria present in refinery wastewater. The review presents 

literature that identified and characterized bacteria responsible for the degradation of pollutants in 

petrochemical refining wastewater using culture methods and molecular methods, such as the genomic, 

metabolomic and proteomic approach. The research hereby recommends the need for further research on 

a molecular approach to uncover the function of bacteria in petrochemical refinery wastewater using 

metaproteomic and metabolomic approach. 
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Introduction 

Water is the most important asset in the universe. This is based on the fact that all 

life procedures require the utilization of water (Long et al., 2019; Longyang, 2019). The 

ever expanding world population and adoption of industrial lifestyle have inevitably 

lead to an increase in water shortage and water-borne diseases (Jimena Zambrano et al., 

2018). Petrochemical refineries produce enormous amounts of wastewater consisting of 

both organic and inorganic pollutants, due to its refining process which involves 

cracking, resulting in the formation of simpler organic substances including benzene, 

toluene, biphenyl, cresol, cumene, ethylbenzene, hexane and methyl-butyl, etc. (Serio et 

al., 2018). The wastewater created contains oxygen depleting organisms and can lead to 

the production of toxic compounds e.g. heavy metals, phenol, oil and grease, 

bicarbonate etc. which, if not properly treated, could be discharged into the environment 

(Jimena Zambrano et al., 2018). These pollutants are created in an effort to increase the 

standard of living for man, but ironically the unplanned intrusion of these pollutants can 

reverse the same standard and affect the environment in a negatively way (Zhao et al., 
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2018). These pollutants have the capacity to pollute underground water, or where it is 

released without proper treatment it affects Biochemical Oxygen Demand (BOD) and 

Chemical Oxygen Demand (COD) of surface water. 

Refinery wastewater contains microbial world which has the ability to withstand the 

pollutants of petrochemical wastewater (Gunawardena et al., 2018; Karbassi et al., 

2018; Liu et al., 2018). Bioremediation is rising in importance owing to the way that the 

technique is has been efficiently used for remediation of the polluted site over other 

biological and conventional methods (Pettit et al., 2018; Ribeiro et al., 2018; Singh et 

al., 2018; Zhang et al., 2018). There is an increasing trend in the quantification of a 

molecular cellular component such as Deoxyribonucleic acid (DNA), Ribonucleic acid 

(RNA), Protein and metabolites of an organism (Vendramel et al., 2015; Asl et al., 

2018; Dalman et al., 2018). The use of DNA and RNA sequence has been dominantly 

used. However, proteins and metabolites are functional entities in cell and therefore 

could be used to give an accurate insight into how Bacteria respond to pollutants in 

refinery wastewater (Rafat et al., 2018; Al-Namnam et al., 2019; Megarajan et al., 

2019). This review is aimed at knowing the present trend and predicting the future 

prospect of the concept of a molecular genetics approach to uncover the function of 

bacteria present in refinery wastewater. 

Petrochemical refinery pollutants 

The water consumption rate of petrochemical refining industries is worrisome owing 

to the fact that large volumes of water are used in the refining of petroleum thus leading 

to the creation of wastewater (Licht and Isebrands, 2005). Factors such as crude oil 

composition and extraction mechanisms play a great role in the determination of the 

properties of wastewater resulting from crude oil refining attributing to the reason why 

was petrochemical refining wastewater varies from one refinery to the other (Colborne 

et al., 2019). Research worldwide has shown that refinery wastewater contains diverse 

pollutants that are either organic or inorganic (Donner et al., 2019). Organic pollutants 

can be subdivided into aliphatic or aromatic pollutants (Ghazouani et al., 2019). These 

pollutants influence the production of the aquatic environment by facilitating the 

process of oxygen depletion which leads to increased chemical oxygen demand (COD) 

and biological oxygen demand (BOD) (Mkhinini et al., 2019; Sancho et al., 2019; Sousa 

et al., 2019; Williams et al., 2019). Many studies have associated carcinogenic and 

mutagenic effect caused to microorganisms, macro-organism, and even human beings to 

be due to exposure to organic pollutants particularly BTEX benzene (toluene, 

ethylbenzene, and xylene) (Colborne et al., 2019), PAH (polycyclic aromatic 

hydrocarbon) (Chen et al., 2019), MTBE (methyl tert-butyl ether) (Krizman-Matasic et 

al., 2019; Nie et al., 2019; Zhang et al., 2019). Some organic pollutants that are likely 

found in petrochemical refining wastewater and the possible environmental effects 

associated with them are summarized in Table 1. 

Inorganic pollutants in petrochemical refinery wastewater range from heavy metals 

to phosphorus. Heavy metals are one of the major problems associated with 

petrochemical refining wastewater owing to their non-biodegradable ability (Chen et al., 

2019; Derakhshan et al., 2019). Though most times these metals are in minute 

concentration measured in microgram, they tend to accumulate till they get to toxic 

level. Research has demonstrated that heavy metals are harmful in both elemental and 

soluble form. The most reported toxic metals include Cd, Pb, Hg, Ag, Cr and As 
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(Derakhshan et al., 2019). Heavy metals such as Cr, Cd, and Pb are highly toxic to 

plants because they are needed by plants in either minute quantity or not needed, 

whereas heavy metals such as Cu and Zn are used by plants but can be highly toxic to 

plants also at higher concentration (Ioannou-Ttofa et al., 2019). Iron which is a vital 

mineral needed by the body becomes toxic at a higher concentration of above 1.6 mg/l 

leading to hemorrhagic and sloughing of the stomach particularly the mucosa area. 

Some heavy metals needed for plants growth are carcinogenic to human e.g. Ni 

(Kolecka et al., 2019). Another pollutant present in petrochemical refining wastewater 

is a nitrogen compound which is sometimes in combine state with hydrogen forming 

ammonia (Long et al., 2019). Phosphorus is also another pollutant present in 

petrochemical refining wastewater (Tahtouh et al., 2019). The worrisome situation 

associated with the presences of phosphorus and nitrogen compound in petrochemical 

refinery wastewater is the fact that both contribute immensely to eutrophication, a 

process that encourages the growth of algae leading to a scenario refers to as algae 

blooms. Algae blooms tend to deplete oxygen and some of the algae are directly 

poisonous to fishes and other aquatic organisms. The situation thereby leads to a drastic 

reduction in aquatic productivity (Costa et al., 2019; Tahtouh et al., 2019; Tang et al., 

2019). It is thereby of paramount importance to remove Nitrogen and phosphorus from 

petrochemical refining wastewater (Costa et al., 2019). 

 
Table 1. Organic pollutants and environmental impacts 

S/N Pollutant Environmental impact References 

1 Benzene 

It hinders the growth of plants and other 

terrestrial animals and could lead to their death 

through extended exposure. The presence in the 

aquatic environment leads to behavioral 

changes, health instability of the organisms and 

low reproductive rate 

Cuo et al. (2018), 

Staehelin et al. 

(2018) 

2 Toluene 
Causes mutagenic and carcinogenic effects to 

micro organisms and other macro organisms  

Lagoviyer et al. 

(2018) 

3 Biphenyl 

In humans, exposure to biphenyl leads to eye 

and skin irritation, toxic effect on liver, kidney 

and nervous system. In the aquatic environment, 

exposure to biphenyl leads to behavioral 

changes and low reproductive rate 

Lauren Hayashi 

(2014), Li Z 

(2016) 

4 Cresol 

Exposure can lead to severe gastrointestinal 

damage which could eventually lead to the 

death of an organism 

Shi et al. (2019) 

5 Cumene 

No observable effect has been recorded in a 

mammal and some larger vertebrates but 

exposure to cumene inhibits photosynthetic 

activities in some algae and also shows positive 

effects on some invertebrates 

Junqueira et al. 

(2018) 

6 Ethylbenzene 

Long time exposure causes the damage of the 

kidney can lead to an irreversible damage to the 

inner ear 

El-Hashemy and 

Ali (2018) 

7 Hexane 

Exposure causes body weight lost, neurological, 

reproductive and developmental defects in 

exposed organisms 

El-Hashemy and 

Ali (2018) 
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8 Methyl-butyl ether 

Causes leukemia and lymphoma (blood cancer), 

cancer of the kidney and nerve dysfunction. In 

an aquatic environment, it rapidly leads to the 

depletion of dissolved oxygen 

El-Hashemy and 

Ali (2018) 

9 Xylene 

Causes the dysfunctions of the liver, kidney and 

nervous system. A lot of neurological effects 

have also been reported 

El-Hashemy and 

Ali (018) 

10 Phenol 

Causes muscles tremor resulting into walking 

difficulty and gastrointestinal damage and even 

death 

Wang et al. 

(2018) 

11 Styrene 

Exposure could lead to impaired learning and 

reproductive defects particularly damage in 

sperm. Possible carcinogenic effects have been 

reported to result as a result of exposure to 

styrene 

Arabjafari et al. 

(2017) 

12 Nepthalene 

Causes mutagenic and carcinogenic effects to 

micro organisms and other macro organisms 

and also associated with damage of red blood 

cells 

Wang et al. 

(2018) 

13 1,2,3 Trimethylbenzene 

No normal background level adverse effect to 

human have been reported but on a high 

exposure lead to Vomiting, tension, wheezing 

and may be injurious to the blood 

Kostrzewski et 

al. (1997) 

Remediation of petrochemical refining wastewater by bacteria 

The use of Bacteria for bioremediation can be dated to 1972 when soil pollution 

resulting from the bursting of Ambler pipeline was bioremediation (Raymond, 1976). 

Bioremediation technology in the remediation of petroleum wastewater holds a 

promising start owing to the fact that its earliest research has shown high pollutants 

removal efficiency compared to other biological and conventional methods (Bako et al., 

2008; Peng et al., 2017; Panasia and Philipp, 2018). 

Bioremediation of organic pollutants in refinery wastewater can occur naturally by 

the degradation of the pollutants to a minimum concentration to exert toxicity except for 

persistence organic compound such as polycyclic aromatic hydrocarbon (PAHs) and 

benzene, toluene, ethylbenzene and xylene (BTEX) (Horemans et al., 2017; Buryska et 

al., 2018; Nikolaivits et al., 2018). Although, the rate at which organic pollutants 

degrade naturally is very slow hence the reason why bacteria are used to engineer the 

process (Wang et al., 2017). 

Petrochemical refining wastewater treatment using bioremediation techniques is less 

energy, pressure, and temperature consuming if compare with another convectional 

method (Silva et al., 2012; Ojha et al., 2013; Banerjee and Ghoshal, 2016). 

Bioremediation potential of bacteria to degrade refinery wastewater depend on its 

metabolic activities (Eberlein et al., 2013; Boll et al., 2014; Nikel et al., 2016) which 

involves the ability of the bacteria to introduce molecular oxygen into the wastewater to 

catabolize the hydrocarbon present in the wastewater utilizing it as a source of energy 

and carbon (Moghadam et al., 2016; Banerjee and Ghoshal, 2017; Iqbal et al., 2018). 

Thapa et al. (2012) stated that the bacteria with the potentiality to degrade petroleum 

pollutants includes Pseudomonas sp, Beijerinckia sp, Chlorobacteria sp, Antinetobacter 

sp, Nocardia sp, Lavobacteria sp, Streptomyces sp, Cyanobacteria sp, Baccilus sp, 
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Moraxella sp, Corynecbacteria sp, Aeromonas sp, Mycobactena sp etc. Although, in the 

treatment of petrochemical refining wastewater these bacteria must not be indigenous 

bacteria inhabiting the wastewater because nonindigenous bacteria isolated from other 

sources can be used to treat this wastewater (Chaudhary and Borah, 2011; Singh et al., 

2013; Rodriguez-Mateus et al., 2016). Remediation of petrochemical refining 

wastewater using bacteria is associated with little or no adverse effect to the ecosystem 

on like in the case of phytoremediation where the disposal of the plants use for 

remediation becomes another problem to the ecosystem (Boroujeni et al., 2014; 

Bahobail et al.,, 2016; Duniya, 2016). Many researchers have used indigenous and non-

indigenous bacteria in the treatment of refinery petrochemical wastewater as 

summarized in Table 2. 

 
Table 2. Literature on bacterial consortia effectively used for bioremediation 

SN Bacterial consortia Pollutant removed Reference 

1 

Aeromonas punctata 

Aeromonas caviae 

Stenotrophomonas maltophilia 

Ochrobactrum intermedium 

Rhodococcus sp 

Crude oil 

Chemical Oxygen Demand (COD) 

Biological Oxygen Demand (BOD) 

Total petroleum hydrocarbion (TPH) 

Gargouri et 

al. (2011) 

2 Bacillus cereus COD and BOD 

Banerjee and 

Ghoshal 

(2016) 

3 

Alcaligenes odorans 

Bacillus subtilis 

Corybacterium propinquum 

Pseudomonas aeroginosa 

Crude oil and phenol 
Singh et al. 

(2013) 

4 

Alcanivorax borkumensis 

Alcanivorax dieselolei 

Anderseniella baltica 

Devosia albogilva 

Gordonia alkalivorans 

Gordonia amicalis 

Gordonia paraffinivorans 

Haloferax volcanii 

Marinobacter gudaonensis 

Methylopila capsulata 

Mycobacterium aromaticivorans 

Mycobacterium aubagnense 

Mycobacterium chelonae 

Mycobacterium doricum 

Mycobacterium llatzerense 

Mycobacterium monacense 

Mycobacterium rutilum 

Petrimonas sulfuriphila 

Proteiniphilum acetatigenes 

Saccharospirillum impatiens 

Williamsia marianensis 

Williamsia muralis 

Total petroleum hydrocarbion 

Electrical Conductivity (EC) 

Total Solid 

Volatile Solid 

Total Nitrogen 

Total Kheldhal Nitrogen 

Gargouri et 

al. (2014) 

5 

Rhodococcus pyridinivorous 

Advenella faeciporci 

Pseudomonas aeroginosa 

Phenol 
Moghadam et 

al. (2016) 
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6 

Pseudomonas sp 

Acinetobacter sp 

Kelibsiella sp 

Citrobacter sp 

Shigella sp 

Phenol 
Ojha et al. 

(2013) 

7 

Diaphorobacter sp 

Pseudomonas sp 

Thauera sp 

Comamonas sp 

Biphenyl 

Naphthalene 

Benzoate 

Silva et al. 

(2012) 

8 
Diaphorobacter sp 

Paracoccus sp 

Polycyclic aromatic hydrocarbons (PAHs) 

 

Sanches et al. 

(2017) 

9 

Bacillus subtilis 

Micrococcus luteus 

Pseudomonas aeroginosa 

Oil and grease, COD and BOD Musa (2015) 

10 
Pseudomonas aeroginosa 

Penicillium janthinellum 
Crude oil 

Bako et al. 

(2008)  

11 

Achromobacter sp 

Pseudomonas sp 

Alcaligenes sp 

Phenol 

Benzene 

Iqbal et al. 

(2018) 

12 

Bacillus licheniformis 

Bacillus shaericus 

Bacillus brevis 

Total petroleum hydrocarbon 
El-Borai et 

al. (2016) 

13 

Rastonia picketti 

Alcaligenes piechaudi 

Bacillus subtilis 

Total petroleum hydrocarbon  

14 
Burkholderia cepacia 

Cornebacterium sp 

COD 

BOD 

Phenol 

Total petroleum hydrocarbon 

Oil and grease 

Ajao et al. 

(2013) 

12 Serratia marcescens 

Trichloroethylene 

Tetrachloroethylene 

Polyvinylchloride 

Li et al. 

(2008) 

13 
Pseudomonas aeruginosa 

Bacillus thermosaudia 

PAHs (Benzo-pyrene, benzo (k) 

fluoranthene, naphthalene, phenanthrene, 

fluorine, and anthracene) 

Pugazhendi 

et al. (2017) 

14 Pseudomonia putida 

Hexadecane 

Anthracene 

Naphthalene  

Yalcin et al. 

(2011) 

12 

Alcanivorax, 

Marinobacter, 

Alphaproteobacteria 

Pseudomonas 

Oil  
Kostka et al. 

(2011) 

13 

Pseudomonas stutzeri, 

Rhodococcus erythropolis 

Alcanivorax borkumensis,  

Crude oil 
Santisi et al. 

(2015) 

 

 

It will be noticed from the Table 2 that despite the fact that benzene, toluene, 

biphenyl, cresol, cumene, ethylbenzene, hexane, and methyl-butyl ether are very 

poisonous pollutants present in petrochemical refining wastewater, there is still scanty 

literature with respect to the bioremediation of these pollutants in refining wastewater 
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using bacteria. Instead, a significant number of researches on bioremediation of 

petrochemical wastewater centered the research on total petroleum hydrocarbon which 

encompasses all. Quite a number of researches have shown the potentiality of some 

bacteria to bioremediate total petroleum hydrocarbon in petrochemical refining 

wastewater but it is of paramount importance to be case specific with respect to the 

potentiality of bacteria that can bioremediate benzene, toluene, biphenyl, cresol, 

cumene, ethylbenzene, hexane and methyl-butyl ether in the free state because these 

pollutants varied in state and testing site and so also do their ecological effects. Table 2 

also shows that scanty literature exists for the bioremediation of heavy metals from 

petrochemical refining wastewater. The poor literature in the bioremediation of heavy 

metals from petrochemical refining wastewater could be attributed to the non-

biodegradable behavior of heavy metals. Although the literature has shown the 

potentiality of bacteria to remove heavy metal from a polluted site by biosorption and 

enzymatic degradation, the process of biosorption is illustrated by Figure 2. The poor 

literature in the bioremediation of phosphorus and nitrogenous compound in 

petrochemical, refinery wastewater is also worrisome because degradation catalyst by 

bacteria is dependable on environmental conditions. 

Biodegradation of pollutants in petrochemical refining wastewater 

Petrochemical and refining wastewater contains pollutants that are either organic or 

inorganic as shown in Table 2. The degradation of organic pollutants depends on the 

aerobic and anaerobic pathway as shown in Figure 1 while in the case of inorganic 

pollutants it occurs by adsorption, absorption or the action of enzyme release by the 

bacteria as shown in Figure 1 (Fuchs et al., 2011). 

 

Pseudomonas sp Pseudomonas sp

Pseudomonas sp
Benzene Phenol

Catechol

Acetogenic Bacteria

Acetogenic Bacteria A
ceto

g
en

ic
B

a
cteria

Methanogenic BacteriaMethanogenic Bacteria

O- Benzoquinone

Hydroquinone P- Benzoquinone

Oxalic Acid
Maleic acid  

Figure 1. Proposed process of biodegradation of benzene by bacteria 

 

 

Bacteria possess high potentiality in the biodegradation of hazardous petrochemical 

wastewater as shown in Figure 1. To further enhance the Biodegradation by bacteria 

particularly in a contaminated site, there is the need to study the condition in which 

bacteria best perform it functions and the enzymes involved in this process. The role of 

enzymes in the degradation of petrochemical pollutants particularly organic compounds 
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was reported by Scoma et al. (2017) to be due to Rieske non-heme iron oxygenases, 

flavoprotein, Monooxgenases or soluble di iron monooxygenases. 

Heavy metal present in petrochemical wastewater is nonbiodegradable due to their 

persistence nature as such this persistence pollutants are removed from petrochemical 

wastewater by adsorption as shown in Figure 2. Researchers such as Gutnick and Bach 

(2000), Feng et al. (2012) and Oves et al. (2013) have used the dead and live culture of 

bacteria for heavy metal removal by adsorption. The efficiency of heavy metal 

adsorption by bacteria depends on the speciation, behavior, transportation mechanism 

and the fate of heavy metal in binding with the functional group of the bacteria as 

shown in Figure 2. To understand the mechanism involved in adsorption of heavy 

metals by bacteria, studies on cell surface characterization, functional group 

identification, acidic and basic active site identification etc have been performed by 

researchers such as Vecchio et al. (1998), Banerjee et al. (2018). 

 

Heavy Metal
Absorption

H
eavy M

etal

Ion Exchange

Ion release by 
cell

Complexes
Zeise’s Salt

H
eavy m

etal Transported across cell 
m

em
brane

H
eavy m

etal
Absorption on
Cell Surface

Bacteria Release Enzymes

Enzym
es catalyses the 

detoxification of H
eavy 

m
etals

Nuclear Materia

Pili

Ribosome

Cytoplasm

Flagellum

 

Figure 2. Process of heavy metal removal by bacteria (Jin et al., 2018) 

Petrochemical refining wastewater remediation strategies and principles 

The strategies used in the bioremediation of petrochemical refining wastewater 

include biostimulation, bioaugmentation, bioattenuation and the use of genetically 

modified bacteria. 

 

Biostimulation 

This is a strategy that involves the use of indigenous bacteria for the treatment of 

petrochemical refining wastewater. The indigenous bacteria used for biostimulation are 

supported by nutrients which maybe inform of cations or anions to enhance the 

biodegrading capability of the bacteria (Jemli et al., 2017). The addition of nutrient 

supports the metabolic process of the bacteria thereby facilitating the degradation of 

pollutants present in refinery wastewater. Sarkar et al. (2016) reported high total 

petroleum hydrocarbon degradation of about 80% after the retention time of 90 days 

after bio stimulating indigenous bacteria by enhancing the nitrate constituent of the 

wastewater (Lin et al., 2012). 
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Bioaugmentation 

This is a strategy employ in the treatment of petrochemical wastewater in which 

foreign bacteria is introduced into petrochemical refining wastewater to enhance the 

biodegradation ability of the indigenous bacteria (Yan et al., 2014). To have a 

successful bioaugmentation of petrochemical refining wastewater, the adaptability of 

the foreign bacteria must be considered owing to competition that may exist between 

indigenous and foreign bacteria, another problem that the foreign bacteria may face 

include predation by protozoa. Dueholm et al. (2014) recorded high removal efficiency 

of methyl ethyl ketone remediation using bioaugmentation assisted bioremediation 

using Rhodococcus pyridinivorans. Yan et al. (2013) also recorded high cresol removal 

efficiency using Pseudomonas sp supported by bioaugmentation. 

 

Bioattenuation 

Bioattenuation is a type of strategy which employs natural biodegradation 

mechanism of bacteria to treat petrochemical wastewater (Huling et al., 2002). The 

presence of other refinery wastewater pollutants such as phosphate, sulfate, nitrate etc 

stimulates the process of bioattenuation leading to the degradation of BTEX and PAHs 

as shown in Figure 1. Bioattenuation is the process that occurs when wastewater is 

stored in stabilization pond. The bioattenuation process is achieved either aerobically or 

anaerobically by acetogenic bacteria and methanogenic bacteria (Nijenhuis et al., 2004). 

The use of genetically modified bacteria 

Genetic modification of bacteria genome was among the earliest contribution in the 

field of genetic engineering owing to their simple structures. The use of the genetically 

modified bacteria in the degradation of hydrocarbons and chlorinated hydrocarbon is a 

cost-effective an emerging trend in bioremediation. The degradation pathway of organic 

compounds as shown in Figure 1 have been reported by researchers such as Scoma et 

al. (2017). Also Duarte et al. (2014) reported that enzymes such as dioxygenase, 

flavoprotein monooxygenase, catechol 2-3 dioxygenases, protocatechuate, gentisate 

dioxygenase etc are responsible for the degradation organic compound as shown in 

Figure 1. The used of genetically modified bacteria in degradation of petrochemical 

wastewater is beyond just the use of the natural biodegrading potential of bacteria. 

genes are introduced into bacteria by recombinant DNA technology to enhances the 

bioremediation of both organic and inorganic Pollutant. 

Molecular characterization of bacteria present in petrochemical refinery 

wastewater 

Molecular characterization of bacteria present in petrochemical refinery wastewater 

involves the investigation of the chemical functional groups or constituent in bacteria 

cell that allow the bacteria to be able to survive in petrochemical refinery wastewater 

and even bring about the bioremediation by degradation of both organic and inorganic 

pollutants presents in the wastewater (Chaudhary and Borah, 2011; Singh et al., 2013). 

The technique used in the molecular characterization of bacteria present in 

petrochemical refinery wastewater includes the following approaches: 
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• Genomic approach 

• Proteomic approach 

• Metabolomic approach (Bahobail et al., 2016; Duniya, 2016; Rodriguez-

Mateus et al., 2016) 

 

The methods stated above are changing the understanding of bacteria functions in 

petrochemical refinery wastewater from a simple study of the sequences of gene, 

protein or metabolites to a more complex and detailed approach showing the role of 

bacterial in petrochemical wastewater environment (Hobert, 2010). The molecular 

approach to petrochemical wastewater bacteria characterization is achieved at the 

microbial community rather than a single bacteria species due to the fact that 

biodegradation activities of bacteria depend on consortia (Santisi et al., 2015). 

 

Genomic approach in the uncovering of bacteria function in petrochemical refining 

wastewater 

Bacteria genome simply refers to as the total sets of DNA found in bacteria. 

Genomic investigation of bacteria genome is centered towards the study of the bacteria 

genomic structure, bacteria genomic evolution, bacteria genomic mapping, and editing 

of a bacterial genome (Gilbert and Scott, 2017). 

This technique has been helpful in the determination of how bacteria cell is able to 

successfully leave in petrochemical refinery wastewater and the function they play in 

this wastewater. This has also helped in the determination of the most efficient bacteria 

to be used in the remediation of petrochemical wastewater (Larsen et al., 2012). 

The aspect of genomic, that is the concern with the study of environmental samples 

such as petrochemical refining wastewater, is referred to as metagenomic or 

ecogenomic. This technique employs the use of 16S rRNA gene (16S rDNA) sequences 

analysis method for the identification of bacteria strain. These methods have shown a 

better advantage over the culture method of the function of bacteria in petrochemical 

refinery wastewater. The major sequential method employed includes extraction of 

DNA, PCR amplification of the 16S rRNA gene, nucleotide sequence determination 

(sequencing) and sequences comparison with available data (Fuks et al., 2018). The 

sequencing and analysis of bacteria genome by the use of DNA sequencing, RNA 

sequencing, and bioinformatics techniques have been utilized in the assembling and 

analysis of the function and structure of the entire organism genome of bacteria presents 

in petrochemical refinery wastewater (Toshchakov et al., 2017). 

 

Metabolomic approach in the uncovering of bacteria function in petrochemical 

refining wastewater 

The metabolomic approach of studying the function of a living organism in an 

environment is highly complex because it tends to give more detail or complex cellular 

pathways and biological mechanisms in organisms (Vinaixa et al., 2016; Beale et al., 

2018a; Beale et al., 2018b). This approach employs the use of small bacteria 

metabolites including metabolic intermediates hormones, signaling molecules and 

secondary metabolites to uncover the function play by bacteria (Bonifay et al., 2017). 

This approach is used as a basic tool used in functional genomics studies to ascertain 

the function of the gene (Tang, 2011). This approach holds a promising future towards 

the ascertaining the function play by bacteria in petrochemical wastewater owing to the 
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fact that they are involved in normal growth and development of bacteria as such could 

provide important detail to why the organism was able to survive and develop fully in 

the presence of petrochemical wastewater pollutants (Foght, 2008). Metabolites are also 

involved in activities carried out by antibodies and pigments which is also an important 

tool for the determination of the reaction pathway in the degradation of organic and 

inorganic pollutants in petrochemical refining wastewater and biosorption of heavy 

metals by the bacterial cell (Tang, 2011). 

Table 2 summarized some recent contribution done by researchers in the uncovering 

the function of bacteria in the degradation of petrochemical wastewater making 

references to metabolomics. 

 

Proteomics approach in the uncovering of bacteria function in petrochemical 

refining wastewater  

This approach involves the use of proteins to uncover the function of bacteria in 

petrochemical wastewater. The use of this technique has made possible to know the 

function of bacterial consortia. The proteomic study that a deal with the study of protein 

for the particular environmental function is refers to as metaproteomic. The use of 

metaproteomics approach in the characterization of bacterial consortia has given a better 

insight to which bacteria consortia is best to be used in the wastewater treatment. 

Recent findings on molecular identification and characterization of refinery 

wastewater 

Genomic DNA extraction from bacteria isolate was performed by Chaudhary and 

Borah (2011) who shows that Bacillus and Pseudomonas species have the maximum 

capacity to degrade oil but gave upper hand advantage to Bacillus species. Singh (2013) 

shows the presence of Alcaligens odorans, Bacillus subtilis, Corynebacterium 

propinquum and Pseudomonas aeruginosa in petrochemical refinery wastewater. The 

researcher positively collated high pollutant reduction efficiency to lipolytic activities of 

the bacteria. Rodriguez-Mateus et al. (2016) using wizard genomic DNA purification 

Kit (Promega, USA) identified bacterial isolates using amplification and sequencing. 

Rodriguez-Mateus et al. (2016) detected the present of 10 species of bacterial isolate 

stating that the bacteria isolates belong to the genus Candida and Bacillus. Rodriguez-

Mateus et al. (2016) also show that the bacterial isolates show visible lipolytic activity 

evidenced by the reduction of in the pollutants of the palm oil refining wastewater. Iqbal 

et al. (2018) performed molecular characterization by 16S rRNA gene sequencing and 

find out that phenol was degraded completely by Achromobacter species, Pseudomonas 

specie, and Alcaligenes species. The researcher also reported the significant degradation 

of benzene by Bacillus species, Enterobacter sp, and Acinetobacter sp. This study is 

supported by the previous work performed by Bahobail et al. (2016) who shows that 

Pantoea agglomerans, Acinetobacter iwoffi and Bacillus thuringiensis where fully 

characterized to be lipolytic to hydrocarbons. Duniya (2016) shows the presences of the 

gene for hydrocarbon enzymes catechol 2,3 dioxygenase in Enterobacter hormaechei, 

Escherichia coli, and Shigella flexneni. Boroujeni et al. (2014) reported that the 

sequences of the gene bank and the highest homology were identified for bacteria 

belonging to the Nitratireductor aquamarinus and Pseudomonas stutzeri were 

identified. Igwaran et al. (2018) shows the molecular characterization and antimicrobial 

resistance pattern by 31 genes of Escherichia coli. Chikkanna et al. (2018) using 
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polyphasic taxonomy approach identify bacterial strain including Halomonas 

Mauramaura, Halomonas nitoreduceus, Halomonas ventose, Halomonas trenophila 

and Halomonas methanobrevibacter. Azadi et al. (2017) screen and characterized 

Mycobacteria from the diverse range of Iranian aquatic and terrestrial ecosystem with a 

harsh and unfavorable environmental condition that can be used in biodegradation of 

refinery product. The presences of Mycobacterium fortuitum, Mycobacterium 

flavescens, Mycobacterium paragordonae, Mycobacterium monacense, Mycobacterium 

fredriksbergense, Mycobacterium aurum, Mycobacterium conceptionense, 

Mycobacterium porcinum, Mycobacterium aurum, Mycobacterium celeriflavum, 

Mycobacterium novocastrense, Mycobacterium obuense and 12 isolates belonging to an 

unknown potentially novel bacterium species. Obi et al. (2016) performed molecular 

characterization using rRNA gene to indicate the presence of bacteria belonging the 

genera Stenotrophmonas, Bordetella, Pseudomonas, Brucella, Bacillus, Achromobacter, 

Ochrobactrum, Advenella, Mycobacterium, Mesorhizobium, Klebsiella, Pusillimonas 

and Raultella sp with potential to degrade polycyclic aromatic hydrocarbons (PAHs) 

from oil sludges. Abo-State et al. (2018) was able to isolate Naphthalene tolerance 

bacteria belonging to Bordetta avium including MAM-P14, MAM-P22, MAM-P25, 

MAM-P26, MAM-P9. Nascimento et al. (2018) was able to characterize microbial 

diversity in sewage sludges from Sao Paulo, Brazil. The presence of high bacterial 

diversity was noticed with proteobacteria as dominant phylum then Bacteroidetes and 

Firmicutes, Clostridium were the dominant genus followed by Treponema, 

Propionibacteria, Syntrophus, and Desulfobulbus. Ma et al. (2015) isolated Strain 

DN002 from petroleum-contaminated soil which was identified as Achromobacter 

xylosoxidans. The research shows that during fluoranthene biodegradation, catechol 2, 3 

dioxygenases (C23O) activity was augmented 1.5 times more than catechol 1,2 

dioxygenase (C12O), which indicated that C23O played a major role in fluoranthene 

degradation by DN002. The dominant general was Propionibacterium, Comamonas, 

Brevundimonas, Methylobactenum, Stenotrophomonas, and Cloacibacterium. Jamal and 

Pugazhendi (2018) identify the halophilic bacteria trains present in the consortium to 

include Ochrobacterium halosaudis, Stenotrophomonas maltophilia, Achromobacter 

xylosoxidans and Mesorhizobium halosaudis. Katyal and Kaur (2018) were able to 

isolate chromate tolerance bacteria from a treatment plant. The isolates belonging to the 

Micrococcus luteus include HM 16, HM, 2, HM 3, HM 15. Ibarbalz et al. (2016) used 

function encoded in metagenome to establish a link between microbial community 

structure and function in activated sludge. The bacteria detected include Actinobacter, 

Planctomycetes, Verrucomicrobia, and Chlorobi. Rosso et al. (2016) also use a 

proteomic approach to investigate the changes of bacteria community overtime, 

Cyanobacteria, Bacteriodetes, and Proteobacteria were the bacteria that express 

extracellular hydrolases. Navarro-Locsin and Lim-Jurado (2018) use geno-wide 

transcriptome and proteome data to confirm most highly expressed organohalide 

respiration (OHR) rate. He concluded that hydrogenase (HUPL) transcript is the most 

robust activity biomarker across multiple Dehalcoccoides mccartyi (DMC) strain and in 

mixed communities including DMC co-culture such as bioaugmentation culture 

(KB1TM). Cernava (2017) used multi-omics approach to characterize functional guilds 

in an unconventional model system. The community structure of the microbiota was 

found to be highly similar irrespective of the omics approach. The abundant bacterial 

orders include Sphingomonadales, Rhodospirillales, Myxococcales, Chthoniobacterales, 

and Sphingobacteriales. The function played by these Bacterias identified is the 



Ugya et al.: Molecular approach to uncover the function of bacteria in petrochemical refining wastewater: a mini review 

- 3657 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):3645-3665. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_36453665 

 2019, ALÖKI Kft., Budapest, Hungary 

provision of vitamins and cofactors to the degradation of phenolic compounds like 

phenylpropanoid, xylenols, and cresols. Matilda and Shanti (2017) isolated trivalent 

chromium resistant bacterium and identify it by 16S rRNA gene sequencing and 

designated as Alcaligenes faecalis VITSIM2. The organism also showed resistance to 

copper, cadmium, and certain antibiotics and also shows changes in cell wall content. 

Nzila (2018) Isolated and characterized a bacterial strain capable of metabolizing the 

four fused aromatic ring polycyclic aromatic hydrocarbons (PAH). The analysis of 16S 

rRNA gene revealed that the bacterium is called Achromobacter xylosoxidans. The 

proteins involved in the degradation of PAH are 4-hydroxyphenylpyruvate dioxygenase 

and homogentisate 1,2-dioxygenase. Otzen et al. (2018) isolated a caprolactam-

degrading strain of Pseudomonas jessenii from soil and identified proteins and genes 

putatively involved in caprolactam metabolism using quantitative mass spectrometry-

based proteomics. He demonstrated that caprolactamase consist of two subunits and 

demonstrated high sequence identity to the 5-oxoprolinases. Escherichia coli cells 

expressing this caprolactamase did not convert 5-oxoproline but were able to hydrolyze 

caprolactam to form 6-aminocaproic acid in an ATP-dependent manner. The research 

concluded that the presence of a caprolactam catabolism gene cluster comprising a set 

of genes involved in the conversion of caprolactam to adipate. 

Conclusion 

Molecular characterizations of bacteria responsible for the bioremediation of 

petrochemical refining wastewater have a promising future for the control of 

petrochemical engineered pollution. Bacteria consortia consisting of bacteria which 

have shown bioremediation capacity for phenol, benzene and other constitutes of 

petrochemical refining wastewater should be properly utilized as an advantage to 

properly degrade these pollutants completely from the wastewater before discharge. 

Molecular characterization will help in the proper identification of the bacteria and 

enzyme released by the bacteria responsible for the pollutant degradation. The 

technique will also lead to the identification of the mechanism involved in the 

ecological adaptation of the bacteria to polluted environment and the role of antibiotic, 

antimicrobial compound (metabolite and proteins) and bacteria gene in the degradation 

of petrochemical refining wastewater. 
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