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1. Introduction 

 
Over the decades, to meet the demand and increasing requirements in economic, social or 

environmental sectors, exploitation of earth and its resources is being done (Cegarra-Navarro et al., 

2016). Global economy depends on one of the most important sectors that is, the oil and gas sector. 

However, the waste generated by this sector has a negative impact on the environment (Arscott, 

2004). During the processing of crude oil, it generates oily sludge as one among the other waste end 

products. Oily sludge is also one of the most hazardous solid wastes generated while periodic 

cleaning of crude oil and refinery products storage tanks is done (Dotson et al., 1972) (Figure 1). It 

is reported that 1 ton of oily sludge is produced for every 500 tons of crude oil processed in the 

refinery (Hu et al., 2013). Petro-chemical industries, waste engine oil, petroleum sludge, oil spills 

and vehicle exhaust are main sources of soil contamination by petroleum hydrocarbon (Figure 2). 

The oily sludge is a recalcitrant residue characterized by being a stable water-oil emulsion of water, 

solids, petroleum hydrocarbons and metals (Mazlova and Meshcheryakov, 1999). As it is hazardous 

waste, its improper disposal can cause serious threats to the environment and human health (Liu et 

al., 2009; Zhao et al., 2020). Because of dumping of oily sludge in the environment, the substances 

which are lighter will volatilize and heavier ones will remain as it is. 

 

Figure 1: A schematic diagram of the oily sludge production in petroleum refinery (Hui et al., 2020) 
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Overtime, they accumulate and reside in the fine pores and become inaccessible. Their fate and 

behavior are affected by factors such as soil type and their physico-chemical properties, their 

concentration, structures of the components and their solubility, environmental conditions like 

temperature, pH, moisture content and wind, and the availability of degradative microorganisms. 

The compounds in oily sludge have different solubility, for example, the polycyclic aromatic 

hydrocarbons (PAHs) have very low solubility and hence cause a problem in environment as they 

are less bioavailable (Mahmoud, 2004). 

 

 
 

Figure 2: Sources of soil contamination by petroleum hydrocarbons (Ambaye et al., 2022) 

 

a.  Composition of oily sludge 
 

As stated, oily sludge is a complex emulsion of several petroleum hydrocarbons (PHCs) mixed with 

some solid particles and heavy metals (Genouw et al., 1994; Al-Futaisi et al., 2007). Petroleum 

hydrocarbons (PHCs) are one of the most widespread heterogeneous organic contaminants that affect 

the soil ecosystem (Hongtao, 2002; Ivshina et al., 2015). The chemical composition of the oily sludge 

varies greatly, which depends on crude oil source, processing method, equipment and reagents used 

in the refining process. The total petroleum hydrocarbon (TPH) content in oily sludge usually ranges 
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from 15-50% w/w, whereas water and sediments are in the range of 30-85% and 5-46% respectively 

(Liu et al., 2012; Mohan and Chandrasekhar, 2011; Tahhan et al., 2011). Composition and 

concentration of oily sludge is shown in Table 1. 

Table 1: Composition and concentration of oily sludge 

 

Elements Concentration Reference 

Water 30-85%  
Xuening et al., 2020 

Sediments 5-46% 

Asphaltene 8-10%  
Oknina et al., 2015 

Resin 7-22.4% 

Wax 48.67%  

 
 

Mishra et al., 1999 
Aliphatic 

hydrocarbon 

 

40-52% 

PAHs 28-31% 

Phenol 90- 100 mg/kg Bhattacharyya et al., 2003 

Metals 

Nickel 17-25 mg/kg  

 

 

 

 

Hamme and Odumeru, 2000 

Chromium 27- 80 mg/kg 

Zinc 7- 80 mg/kg 

Manganese 19- 24 mg/kg 

Cadmium 0.8-2 mg/kg 

Copper 32- 120mg/kg 

 

Lead 
0.001- 0.12 

mg/kg 

 
 

The potentially dangerous PAHs are present in least amounts in oil sludge but are potentially immune 

toxicants in nature (Gibson and Subramanian, 1984; Mueller et al., 1991; Field et al., 1992; 
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Sutherland et al., 1995). Polyaromatic hydrocarbons (PAHs) are class of prevalent mutagenic or 

carcinogenic environmental contaminant. PAHs have been identified as hazardous chemicals by 

different State and Central Pollution Control Boards, because of their toxicity along with, 

carcinogenic and mutagenic effects on air and soil ecosystem (Bisht et al., 2015). Due to 

anthropogenic activities, PAH are released in environment from natural sources such as open 

burning, seepage of petroleum or coal deposits, and volcanic activities. Deposition of PAH in soil 

mainly takes place through atmosphere in the form of aerosols in gaseous phase in air, entering human 

body. Some crops, such as wheat and lentils may synthesize PAHs or absorb them via water, air, or 

soil. Human beings come in contact with PAH through inhalation, ingestion, or direct dermal contact 

i.e. breathing ambient and indoor air, eating food containing PAHs and smoking cigarettes. Long- 

term exposure of PAHs can lead to health issues like decreased immune function of eyes, kidney 

damage, liver damage, respiratory problems and abnormalities (asthma). Meanwhile, repeated contact 

with skin may induce redness and skin inflammation (Diggs et al., 2011; Olsson et al., 2010). 

b.  Bioremediation of petroleum hydrocarbon 

Oily sludge contamination can lead to changes in chemical and physical properties of soil which may 

create nutrient deficiency and inhibit seed germination leading to lesser survival of plants (Mutairi 

et al., 2008). To bring an effective solution for treatment and management of this waste that is 

produced world-wide has become a priority. Elimination of petroleum hydrocarbon pollution can be 

achieved by physiochemical and biological methods. But, most of the physiochemical methods are 

costly and generate secondary pollutants. Biological methods such as bioremediation are more 

suitable as they are affordable and ecofriendly (Gomez et al., 2013). Many projects are going on for 

the sustainable management of oily sludge which focus mainly on reducing environmental 

contamination by petroleum hydrocarbons to acceptable levels. Several studies have shown the 

approaches to remediate the PAH-polluted soils and sediments with different remediation strategies 

(Kumar et al., 2021). Various strategies for treatment of oily sludge are shown in Figure 3. 
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Figure 3: Various methods for treatment of oily sludge (Azubuike et al., 2016; Leung, 2004; Kensa, 

2011) 

Depending on the degree of saturation and aeration at contaminated area, different strategy can be used. 

Along with the economic benefits and increasing the recovery rate of oil from oil tanks pyrolysis was 

used for treatment of oily sludge (Wang et al., 2021). High treatment cost remains a major issue with 

physical and chemical methods. Bioremediation is a process which mainly uses microorganisms for 

detoxification of contaminants present in soil and other environments, becoming a best alternative as 

conventional clean-up technologies (Bento et al., 2005, Patowary et al., 2016). Bioremediation 

methods are generally categorized into in-situ and ex-situ techniques. In-situ procedures, such as 

biosparging, bioventing, bioaugmentation, and biostimulation are applied to soil at the site with little 

disturbance (Vidali, 2001). Ex situ techniques such as land farming and composting, are the ones in 

which soil is excavated and taken away from the site for treatment (Nataraj et al., 2007). Pseudomonas 

aeruginosa, Pseudomonas putida, and Bacillus subtilis are most frequently used microorganisms for 

treatment of petroleum-oil contaminated soil (Kishore et al., 2006). Table 2 represents the bacterial 

strain capable of degrading petroleum hydrocarbon. 

 

Table 2: List of bacterial strains reported for bioremediation of petroleum hydrocarbon  

 

Oily sludge treatment 
method 

Biological 
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       Further, the efficiency at which TPH are bio-degraded depends greatly on different factors such as (Ali 

et al., 2022) 

 
1) pH 

 
2) Temperature 

 
3) Oxygen 

Sr 

No. 
Bacterial strain 

Types of 

pollutants 

Efficiency of 

degradation (%) 
Reference 

1 
Pseudomonas 

aeruginosa 
Phenanthrene 78.7 Obo et al., 2016  

2 Mycobacterium spp. Naphthalene 92.7  
Hesham et al., 2014 

3 Sphingomonas spp. Pyrene 98.6 

4 Bacillus subtilis n-octadecane 12 

Fathepure et al., 2014 

5 Alteromonas spp. 

Hexadecane 100 

Eicosane 91  

Phenanthrene 41 

6 Burkholderia spp. 

Pyrene 

59-62 

You et al., 2018 7 Caulobacter spp. 21-24 

8 Rhodobacter spp. Alkane  87.35-99.89 

9 
Stenotrophomonas 

acidaminiphila 
PAH 91.7-94 

Cerqueira et al., 2011 
10 Bacillus cereus 

TPH 

88.4 

11 B. megaterium 89-92 

12 B. cibi 89.7-91 

13 Acinetobacter spp. PHC 37 Verma et al., 2006 

14 Bordetella avium Naphthalene 95 Abo-State et al., 2017 

15 
Achromobacter       

marplatensis 
 PHC 49  Muratova et al., 2018 
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4) Diversity of the microbial community 

 
5) Remediation-friendly environment 

 
6) Degree of adaptability 

 
7) Structural properties of molecules 

 
8) Cellular transport properties 

 
9) Susceptibility to contaminants 

 
Two methods of bioremediation aimed at enhancing and accelerating the process are bioaugmentation 

and biostimulation (Odokuma et al., 2003; Odu et al., 2005). The process of "bioaugmentation" 

involves introducing an external microbial population to a polluted area, whereas in order to increase 

the nutrient and microbial activities of the local microbial flora on a polluted site, biostimulation is 

performed (Nwadinigwe and Onyeidu, 2011). Oily sludge mineralization rates depend on the survival 

rate of indigenous microorganism which can be enhanced using biostimulating agents. The purpose of 

using biostimulating agents is to increase the soil's natural fertility status and speed up the rate of 

microbial oil degradation (Amadi et al., 1990). Organic nutrients like biogas slurry, manure, composted 

spent mushrooms, rice straw, and corncobs are commonly used as biostimulating agents (Simarro et 

al., 2013, Suja et al., 2014; Kauppi et al., 2011). Some of the organic nutrients which have been 

reported as biostimulating agents have been listed below in the table 3. 

 

Table 3: List of organic nutrients reported as biostimulating agent for bioremediation of petroleum 

hydrocarbon contamination 

 

Biostimulating 

agents 

Type of 

contaminant 

Remarks References 

Compost made  from wood 

chips and 

sewage sludge 

Crude oil 17% TPH 

degradation within 19 

months 

Atagana, 2008 
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Brewery grains, banana 

skin and mushroom 

compost 

Lubricating  oil 
92% removal of  TPH in 

84 days 
Abioye  et al., 2012 

Poultry droppings 

Petroleum hydrocarbons 

contaminated marine 

sediments 

98.92% PAH and 95.35% 

TPH degradation in a 

bioreactor containing 20g 

poultry litter and 1 liter 

of  petroleum hydrocarbon 

contaminated seawater 

Chikere et  al., 2012 

Cow dung 
Hydrocarbon  polluted 

mangrove swamp 

49.88% and 

69.85% of TPH 

reduction in 28 

days and 70 days 

respectively. 

Orji et al., 

2012 

Tea leaves, soy cake and 

potato skin 
Diesel fuel 

75%TPH degradation 

within 84 days 

Dadrasnia  and 

Agamuthu, 2013 

Oil palm empty fruit bunch 

and sugar cane bagasse 
Crude oil 

95% degradation  in 20 

days 
Hamzah et al., 2014 

 

In the present study, tea leaves was used as biostimulating agent. Tea leaves contains essential 

elements like phosphorus (P), nitrogen (N), potassium (K) which could stimulate the indigenous 

microflora in oily sludge contaminated soil thus speeding up the degradation process (Chen and Lin, 

2016). Tea leaves also contain several polyphenols, including flavanols (in particular catechins and 

gallic acid), theaflavins (3-6%), and phenolic acids (10-12%) (Sharma & Rao 2009). It also contains 

carbohydrates (15%), proteins (15%), flavanols (6-8%), minerals (10%), volatiles (<0.1%), amino 

acids (13-15%), methylxanthines (8-11%), carotenoids (<0.1%), chlorophyll (0.5%) and lipids (7%) 

(Sharangi 2009). 

 
But only about 10% of the total population of soil microflora is capable of degrading the pollutants 

naturally and hence take longer time to remove the contaminations. Thus, bioaugmentation process in 

which specific degraders are introduced into the soil is used along with biostimulation to increase 

bioremediation efficiency (Pimmata et al., 2013; Simarro et al., 2013). The result of bioaugmentation 

depends on the interaction between exogenous and indigenous populations of microorganisms because 

of the competition, mainly for nutrients. The effect of bioaugmentation on crude oil and bacterial 

community has been studied extensively (Muangchinda, 2020). Comparative studies have also been 
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done for biostimulation and bioaugmentation and it is reported that it gives more effective results 

(Hamidi., 2021 and Adams et al., 2015). Bulking materials such as sand, gravel, sugarcane 

bagasse, coconut husk, sawdust, straw and wood chips has also been added in contaminated soil to 

improve degradation rate as reported in Armendariz et al., 2004. 

c.  Hydrocarbon degradation pathways 
 

As described, hydrocarbons are grouped into straight-chain (n-alkanes), branched- chain, cyclic 

compounds, mono- or polycyclic hydrocarbons (Natalia, 2013). Most hydrocarbons are polar and have 

low chemical reactivity at ambient temperature. The nature, arrangement and presence of unsaturated 

bonds have a major role in determining the differences in their reactivities. 

 

 

Figure 4: Degradation of petroleum hydrocarbons (Chikere et al., 2011; Varjani, 2016; Hwang et al., 

2007) 

 
The most important phase in the degradation of petroleum hydrocarbons is the formation of contact 

between hydrocarbon degrading bacteria and substrates. Microbes degrade petroleum hydrocarbon 

by the process of absorption in the form of large hydrocarbon molecules or tiny pseudo-soluble 

molecules. Bacterial adherence and its hydrophobicity play an important role for successful uptake 
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of substrate (Shi, 2019). Some petroleum hydrocarbons are sorbed into the soil matrix and are not 

bioavailable to microbes for degradation. Thus, microorganism releases biosurfactant which increases 

substrate bioavailability by increasing the hydrophobicity of the cell surface, allowing substrates to 

interact more easily with bacterial population (Pacwa-Płociniczak M. et al., 2011). Microbial 

surfactants are low-molecular mass compounds such as lipopeptides, glycolipids, and phospholipids 

(Janek et al., 2010). Petroleum hydrocarbons such as alkanes and polycyclic aromatic hydrocarbons 

are degraded by enzymes such as monooxygenases and dioxygenases. Figure 4 represents the 

petroleum hydrocarbon degradation pathway. Generally aerobic degradation begins with the 

oxidation of a terminal methyl group in the case of n-alkanes with two or more carbon atoms to 

produce a primary alcohol. To create acetyl-CoA, fatty acids are conjugated to CoA and then 

processed further by oxidation, which is then further oxidized to the equivalent aldehyde, and lastly 

transformed into a fatty acid. Oxygen is used by aerobic alkane degraders to activate the alkane 

molecule. Thus, during degradation of alkane, terminal methyl group is targeted by 

monooxygenases where a primary alcohol is generated. Similarly, dioxygenase adds two oxygen 

atoms to the n-terminal methyl group of alkane. As a result, fatty acid is produced which gets 

metabolized via β oxidation to acetyl CoA. The alkane-activating enzymes, which are 

monooxygenases, produce reactive oxygen species to compensate for the hydrocarbon poor 

chemical reactivity (Raju, 2009). Polycyclic aromatic hydrocarbons are degraded to protocatechuate 

and catechol via monooxygenase and protocatechuate 3,4-dioxygenase which then gets converted 

into acetyl CoA via enzyme catechol-1,2-dioxygenase and catechol-2,3-dioxygenase. Acetyl Co-A 

is then further metabolized via TCA cycle to carbon dioxide and water (Atlas and Bartha 1998; 

Hamme et al., 2003; Elsas et al., 2007). Various hydrocarbon degrading enzymes are enlisted in 

Table 4. 

Table 4: Enzymes involved in hydrocarbon degradation pathway 

    

Sr. 

no. 

Target Microorganism Degrading 

enzyme 

Reference 

 Alkanes 

1 C1-C8 alkanes 

cycloalkanes 

alkenes and Methylococcus, 

Methylosinus, 

Methylocystis, 

Methylomonas, 

Methaylocella 

Soluble methane 

mono-oxygenase 

Das et 

(2011) 

al., 
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2 C1-C8 (halogenated) alkenes 

and cycloalkanes 

Methylobacter, 

Methylococcus, 

Methylocystis, 

Particulate 

methane 

oxygenase 

 
mono 

Kothari et 

(2014) 

al., 

3 C5-C16 alkanes, fatty acid, 

alkyl benzenes, cycloalkanes 

and so forth 

Pseudomonas, 

Burkholderia, 

Rhodococcus, 

Mycobacterium 

AlKB related 

alkane 

hydroxylases 

Margesin et 

(2003) 

al., 

4 C10-C16 alkanes, fatty acids Candida maltose, 

Candida 

tropicalis, 

Yarrowia 

lipolytica 

Eukaryotic P450 

Iida et al., 

(2000) 
 

5 C5-C16 alkanes, cycloalkanes Acinetobacter, 

Caulobacter, 

mycobacterium 

Bacterial P450 

oxygenase system 

Cerniglia et 

(1993) 

al., 

  PAH 

6 C10-C30 alkanes Acinetobacter sp. Dioxygenase Das et al., 

(2011) 

 

7 Fluorene Terrabacter spp. Dioxygenase 

FlnRB-dbfA1A2- 

FlnED1-ORF16, 

Decarboxylase 

Peng et al., 

(2008) 

 

8 Anthracene Mycobacterium, 

Rhodococcus  

PYR-1 

Multicomponent 

monooxygenase 

9 Phenanthrene dihydrodiols Rhodococcus spp. 

P200-P400 & 

NCIMB12038 

Dioxygenase 

narAa, narAb and  

narB 

10 Naphthalene Pseudomonas 

putida 

Dioxygenase 

 
 

d.  Role of carrier matrix in bioremediation 
 

In order to increase survivability of organism during bioremediation process, microorganisms are 

incorporated onto “carriers” a medium that can hold enough microorganisms and maintain their 

viability under varying conditions (Marschner, 2011). The following characteristics are necessary for 
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a good carrier (Bayat et al., 2015): 

 Highly absorptive (water-holding capacity) and easy to process 

 
 Non-toxic to microorganisms 

 
 Available in adequate amounts at low-cost 

 
 Good buffering capacity 

 
Carriers can be classified as natural or synthetic in nature. Natural organic carriers have many 

functional groups which stabilize microbes. This class of carriers includes: alginate, κ-carrageenan, 

chitosan, sawdust, straw, charcoal, corncob, bagasse (Wojcieszyńska et al., 2013, Gentili et al., 2006, 

Huang et al., 2006, Ullah, 2010, Mohammadi et al., 2009, Gouda et al., 2007, 

Wang et al., 2012). Incorporation of microorganism on carrier medium can be done by methods 

such as adsorption, covalent binding, entrapment and encapsulation. Here in present study saw dust 

was used as carrier matrix. Saw dust is most common agro-waste produced which has been 

successfully used for the immobilization of bacterial cells. Arthrobacter sp. immobilized on sawdust 

did not lose their enzymatic activity after 6 weeks of storage and was still able to degrade similar 

quantities of crude oil (Obuekwe and Al-Muttawa, 2001). Significant increase in production of 

biosurfactant has been demonstrated in a study by using bacterial consortium along with carrier 

matrix (Hazaimeh et al., 2014). 

e.  Biomass development for field scale application 
 

Selection of appropriate substrate plays a vital role in growth of microorganism (Marchant et al., 

2014). Media requirements for producing biomass in higher quantity becomes a challenge therefore, 

cost effective substrate selection is important. Various industrial wastes such as agricultural, dairy 

(sugars, molasses, plant oils, starchy substances, lactic whey), distillery, animal fat and oil have been 

reported as substrate for growing microorganisms (Makkar et al., 2011). Table 5 represents enlist 

substrates for growing microbes. 

Table 5: List of substrates reported for growing different bacteria 

 

Sr. 

no. 

Microorganism Substrates Reference 

1 Bacillus subtilis Molasses Makkar and Cameotra, 1997 

2 Bacillus spp. Potato cassava Noah et al., 2002 
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3 Bacillus subtilis Potato waste Thompson et al., 2000 

4 Bacillus spp. Wheat bran Ohno et al., 1993 

5 C. bombicola Soy molasses Solaiman et al., 2007 

6 P. aeruginosa Whey Daniel et al., 1998 

7 Bacillus spp. 

Pseudomonas spp. 

Glucose Bren et al., 2016 

8 
Lactobacillus spp. 

Agro-industrial 

waste 

Nitschke et al., 2004 

9 Klebsiella spp. Waste  soyabean 

oil 

Lee et al., 2008 

10 P. aeruginosa Curd whey and distillery 

waste 

Dubey et al., 2005 

11 Trichosporon 

montevideense 

Dairy industry effluents Monteiro et al., 2009 

 

Selection of appropriate substrate according to the requirement and utilization capacity of 

microorganism to develop biomass is essential as this is one of the important economic factor 

affecting mass production of biomass for field scale application. 

f.  Challenges in bioremediation 
 

Along with the advantages of bioremediation, there are many challenges. Temperature, type of 

microorganisms, treatment duration, nutrients, initial TPH concentration and characteristics of oily 

sludge are most common challenges faced during the treatment of oily sludge contaminated soils. The 

major challenge is that all compounds are not biodegradable and this limits the bioremediation 

process. Lab scale studies are challenging to extrapolate at field scale (Abatenh et al., 2017). Many 

times, a specific bacterial strain that is effective at one site might not be able to function effectively 

at other site and thus obtaining the bacterial strain capable of functioning at all site is challenging 

(Ramırez-Garcıa et al., 2019). Uneven distribution of contaminants also effects the bioremediation 

process. 
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      2. Rationale of the study 
 

The isolates working efficiently for hydrocarbon degradation in the lab are unable to work 

appropriately in the actual field due to various stress conditions like change in pH, competition with 

native microbes, toxicity of hydrocarbons and bioavailability of substrates. So, the aim of present study 

was to develop an appropriate bioremediation strategy to remediate oily sludge contaminated soil. 

The consortium was developed using efficient crude oil degrading indigenous bacteria isolated from 

oily sludge contaminated samples collected from ONGC, Ankleshwar earlier. One of the aims was to 

determine the appropriate carbon source for growing bacterial consortium as mass production of 

bacterial strains for field application is one of the economic factors affecting field studies. The 

member of this consortium were fast growers, able to withstand wide range of pH and few were able 

to produce biosurfactants as well. The present study also investigated to develop an appropriate 

bioremediation strategy for treating oily sludge contaminated soil using the selected consortium by 

incorporating an appropriate carrier matrix. The developed strategy at lab level may prove useful for 

actual field application. 
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3. Objectives 

To address the research problems, the following objectives were devised, 

1. Determining appropriate carbon source for biomass development required for field scale 

bioremediation studies. 

2.  To investigate oily sludge bioremediation potential of developed bacterial consortium. 

a) Evaluating TPH removal potential of biostimulating agent and bacterial consortium in soil 

spiked with oily sludge. 

b) Optimization of carrier matrix for amendment of bacterial consortium in oily sludge 

contaminated soil. 
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4.  Materials and methods 

 

4.1  Bacterial strains of consortium 
 

Generally it is challenging to achieve the degradation of pollutants by a single bacterial strain. Hence, 

the bacteria with different abilities to degrade the contaminants could be mixed together to get a 

diversified characteristic of each individual strain. The advantages of each strain could be combined in 

this microbial consortium to effectively degrade the contaminants. Initially, 54 bacteria were isolated 

and screened, from which 31 were found to be fast-growers. Further, from these, 19 were screened on 

the basis of more than 80% sodium benzoate degradation capacity. A screened total of 8 isolates were 

found to degrade more than 80% of 1% crude oil and more than 50% of 5% crude oil. Finally, a 

consortium of 4 different bacterial strains designated as Pseudomonas balearica AWSant37, 

Pseudomonas aeruginosa ASSphn611, Achromobacter xylosoxidans AWSant34, Pannonibacter 

phragmitetus AWSant36 was selected which gave the best results. These strains were selected on the 

basis of different characteristics like 1% and 5% TPH degradation potential, biosurfactant production 

ability and ability to withstand wide pH range as shown in Table 6. 

Table 6: Characteristics of bacterial strains included in consortium 

 

Bacterial 

strains of 

consortium 

% TPH 

degradation in 1% 

crude oil 

% TPH 

degradation in 5% 

crude oil 

Biosurfactant 

production ability 

Optimum 

pH 

Achromobacter 

xylosoxidans 

AWSant34 

 
93.4 

 
53.2 

 
+ 

 
5.5/7/8.5 

Pannonibacter 

phragmitetus 

AWSant36 

 
80.8 

 
51.9 

 
- 

 
7 

Pseudomonas 

balearica 

AWSant37 

 
90.3 

 
65.4 

 
- 

 
7/8.5 

Pseudomonas 

aeruginosa 

ASSphn611 

 
85.4 

 
53.9 

 
- 

 
7 
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4.2  Sampling site 
 

Oily sludge and soil sample used in the study were collected from ONGC, Ankleshwar, Gujarat 

(21°54’48.0” N; 72°46’28.4” E). Figure 5 presents the images of sampling site. 

 

 

 

 

 

 

 

 

 

 
A B 

 
Figure 5: Sampling site A. Soil sampling site and B. Oily sludge sampling site 

 

4.3  Determining appropriate carbon source for biomass development 

 
The substrates are the nutrients necessary for microbial cells to grow and function (Bhavsar, 2011). 

The use of economically feasible and renewable substrates for growth of microorganisms is beneficial 

as cost associated with biomass development is one of the major factors affecting field application of 

bioremediation. Hence, to determine appropriate C source which can be used for growing bacteria in 

mass, following procedure was used (Figure 6). 

 The cultures were activated and streaked on nutrient agar plate and incubated at 28o C for  24 

h. 

 Next day, colony was picked up with the help of swab and inoculated into the IF-A 

(Inoculating Fluid) tube and 95% turbidity was set using turbidometer. 

 200 µl of IF-A cell suspension was inoculated into the 96-well Biolog GEN III plate 

containing 71 C sources and 21 chemicals for sensitivity assay using multichannel micropipette. 

 The inoculated GEN III plate was incubated at 28°C and analysis of formazan complex 

indicated by purple/violet colour formed due to respiration of microbes was carried out at 4, 8 and 

22 h in ELISA reader at 598 nm. 

 Heat map was generated using obtained readings and appropriate carbon source supporting 

growth of all isolates in consortium was determined. 
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Figure 6: Methodology for determining appropriate carbon source 
 

4.4  Biostimulation using tea leaves for treating oily sludge contaminated soil 
 

a) Experimental design for tea leaves as biostimulating agent 
 

As biostimulating agent to treat the soil contaminated with oily sludge, waste tea leaves collected 

from the Canteen of Institute of Science, Nirma University, Ahmedabad, Gujarat were used. The tea 

leaves, soil before amendment with tea leaves and after amendment are shown in Figure 7. 

 The collected tea leaves were dried and 30 g of it was added in 1 kg of soil spiked with 10%  of 

oily sludge. 

 After 20 days of incubation, %TPH degradation was determined using GC-FID analysis. 

 CFU count was also determined to quantify the soil microflora. 
 
 

a) Waste tea leaves b) Soil before mixing tea leaves   c) soil after mixing tea leaves 

Figure 7: Tea leaves as biostimulating agent
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b) Determining oily sludge degradation potential using GC-FID analysis 

 
 After incubation period of 0, 20 & 40 days, residual level of petroleum hydrocarbon was 

determined by solvent extraction method followed by GC-FID analysis. The flow diagram of 

described experimental set up is shown in Figure 8. 

 In 20 g of soil sample collected from experimental sets, 25 ml hexane was added and kept in 

shaking conditions in shaker for 5 min. 

 After shaking, 25 ml hexane was added in it and then sample was transferred to separating 

funnel. 

 The separating funnel was shaken for 2 min and allowed to stand for some time till separated layers 

could be seen. 

 The upper layer of hexane containing hydrocarbons was collected and used for determining 

residual TPH levels. 

 The samples were concentrated to 15 ml for GC-FID analysis. 

 
 GC Condition: MEGA-5 Capillary column; injection volume was 1μl. The oven temperature rises 

from 50°C-320°C and the run time was 60 min. 

 GC chromatograms obtained was used for calculating % TPH degradation on day 20 using 

following formula: 

 
 

% TPH degradation = (Area of peak on day 0) – (Area of peak on day 20) × 100 
 

(Area of peak on day 0) 

 
 Similarly, % TPH degradation was calculated at 40 days of incubation as required. 

 

4.5  Investigating TPH degradation potential of consortium from soil spiked with 

oily sludge 

 
In the present study, experiment was conducted to investigate the performance of consortium in soil 

contaminated artificially (spiked) with oily sludge. More over the potential of consortium was also 

investigated to remove TPH from other petroleum contaminated samples. The procedure for 

bioaugmentation with consortium is displayed in figure 8. 
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a) Experimental design for bioaugmentation with consortium 

 Culture activation was carried out by inoculating loopful of all the 4 pure cultures in nutrient 

broth. 

 Flasks were incubated overnight under shaker conditions (120 rpm) at 28°C. 

 
 The activated culture was centrifuged at 7500 rpm for 10 min and washed twice with normal 

saline and pellet was resuspended in normal saline. 

 108 cells/g of bacterial cells were bioaugmented in 1 kg soil spiked with 10%, 30% and 50% 

oily sludge respectively and was incubated for 40 days at room temperature. 

 At intervals of 20 and 40 days samples were collected and % TPH degradation potential was 

examined as described ahead. 

 CFU count from collected samples was also determined to quantify the soil microflora. 
 

 

                                                  Figure 8: Procedure for bioaugmentation 

 

4.6  Optimization of carrier matrix for field level application of bacterial 

consortium for oily remediation 

Here saw dust was observed to be one of the carrier materials used, which was explored for 
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the developed consortium. The following experimental design was followed: 

 

 Activated culture equivalent to 108 cells/g soil was harvested and mixed with saw dust in 

the  ratio of 3:1 and kept under shaking conditions for 2 h at 28°C and 120 rpm for adsorption of 

bacterial cells onto saw dust. 

 The saw dust containing adsorbed consortium was then mixed with 1 kg soil spiked with 10% 

oily sludge. 

 Soil samples were collected at regular interval of day 0, 20 and 40 days for analyzing residual 

TPH levels using GC-FID as described ahead and TPH degradation was calculated. 

 CFU count was also determined to quantify the soil microflora. 

 
 

4.7  Treatment of oily sludge contaminated soil by biostimulation and 

bioaugmentation using carrier matrix 

Finally, the treatment method was designed to investigate the bioremediation potential of developed 

bacterial consortia in combination with biostimulation. The biostimulation was achieved through 

dried waste tea leaves while bioaugmented culture was immobilized on saw dust as a carrier material. 

The procedure for this experimental design is as follows: 

 Activated culture equivalent to 108 cells/g soil was adsorbed on saw dust in the ratio of 3:1 as 

well as 30 g dried tea leaves were mixed in 1 kg soil spiked with 10% of oily sludge. 

 The system was kept in plastic trays which were incubated in open environment at 28°C. 

 Soil samples were collected at regular interval of 0, 20 and 40 days. 

 From the collected samples, oily sludge was extracted in hexane and %TPH levels were 

analyzed using GC-FID as described ahead. 
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5. Results 

 
The study was conducted to design the appropriate oily sludge bioremediation strategy. Here the 

efficiency of selected bacterial consortium to utilize up to 50% of oily sludge was determined. 

Appropriate carbon source supporting consortium growth was determined as this will be 

essential for mass development of consortium during field studies. Role of tea leaves as 

biostimulating agent was examined. The importance of saw dust as carrier matrix to adsorb 

bacterial consortium was also determined.  

5.1 Determining appropriate carbon source for biomass development 
 

 All microorganism require substrates for growth and metabolism (Bhavsar, 2011). Easily 

available and cost-effective carbon source for developing biomass for applying it on the field 

during field studies will play an important role in managing the cost associated with field 

experiments. Thus, Biolog® GEN III plate was used for finding the carbon source supporting the 

growth of bacterial strains used for formulating selected bacterial consortium. Biolog® GEN III 

plate enables the evaluation of utilization of 71 carbon sources as well as resistance to 

antimicrobial compounds by individual bacterial strains. Biolog® GEN III plate was inoculated 

with bacterial consortium and purple colour development in the wells arising because of the 

utilization of carbon source was detected in the form of O.D (598nm) using ELISA Plate reader 

(Infinite F50). Utilization of carbon source indicates that organism is metabolically active so in 

presence of redox dye (tetrazolium) purple colour is produced. Obtained data was used to 

generate heat map using heat mapper (http://heatmapper.ca/) (Figure 9). 

 

 

                                       a)                                                                  b)  

          Awsant 34: Achromobacter  xylosoxidans                      Awsant 36: Pannonibacter phragmitetus 

http://heatmapper.ca/
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                                 c)                                                                                                d) 
              Awsant 37: Pseudomonas balearica                             Assphn 611: Pseudomonas aerugenosa 

  
 

 

 

                                                        e) f) 
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Figure 9: Substrate utilization profile of tested bacterial strains of consortium at 22h a) 

Achromobacter xylosoxidans Awsant34; b) Pannonibacter phragmitetus Awsant36; c) 

Pseudomonas balearica Awsant37; d) Pseudomonas aerugenosa Assphn611; e) and f) heat 

map of substrate utilization profile at 8h and 22h respectively. 

 

Table 7: Substrate utilization profile at 4h, 8h and 22h by bacterial strain of developed consortium 

 

Bacterial strain 4h (+) 8h (+ +) 22h (+ +) 

 
Achromobacter 

xylosoxidans 

AWSant34 

 

 

 

 
D-Fructose-6-PO4 

 
D-Fructose-6-PO4, D- 

Glucuronic Acid, 

Glucuronamide, 

D-Galacturonic acid 

Dextrin, N-Acetyl- D- 

Glucosamine, D- 

Fructose, D- Fucose, L-

Fucose, L- Rhamnose, D- 

Gluconic acid, Mucic 

acid, Aceticacid 

 
Pannonibacter 

phragmitetus 

AWSant36 

 
D-Fructose-6-PO4 

 
D-Fructose-6-PO4 

L-Rhamnose, D- 

Glucuronic Acid, D- 

Galacturonic acid, L- Malic 

acid 

 
Pseudomonas 

balearica 

AWSant37 

 
D-Fructose-6-PO4 

 
D-Fructose-6-PO4 

D-Cellobiose, Sucrose, α -

D- Glucose, Mannose, D- 

Galacturonic acid, D- 

Glucuronic acid, Quinic 

acid, L-Malic 

acid, Acetic acid 

 
Pseudomonas 

aeruginosa 

Assphn611 

 
D-Fructose-6-PO4, D- 

Glucuronic Acid, 

Glucuronamide 

D-Fucose, L-Fucose, 

D-Fructose- 6-PO4, 

D-Glucuronic Acid, 

Glucuronamide, 

D-Galacturonic acid 

 

 

D- Fucose 

 

On the basis of observation at 4h, 8h and 22h, organisms have utilized some specific substrate as 

described in Table 7. The substrate that was utilized maximum such as D-Fructose-6- PO4, α-D-
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Glucose, D- Fructose and D- Glucuronic acid by the bacterial strains were taken into consideration. 

On the basis of this utilized substrate it can be suggested that carbon sources like sugarcane 

bagasse, molasses and dried citrus fruit peels can be used for biomass development for field scale 

application. 

5.2 Evaluating TPH removal potential of bacterial consortium in soil spiked 

with oily sludge 

5.2.1 Tea leaves as biostimulating agent for treating oily sludge contaminated soil 
 

The activity of indigenous microflora, may be inhibited or affected by certain stress conditions like 

competition with other microbes, limitation of necessary nutrients or its availability. These factors 

could be overcome or the activity of indigenous microflora could be accelerated with the help of 

biostimulating agents. This is because its main aim is to achieve the nutrient balance required for the 

growth and functioning of the microorganisms. Here, tea leaves were used as boistimulating agent 

which provides nitrogen (N), phosphorus (P) and potassium (K) that would support the 

microorganisms for better degradation (Chen and Lin, 2016). Figure 10 shows experimental soil set 

up for tea leaves as biostimulating agent for treating 10% oily sludge contaminated soil. 

 

 
a) b) c) d) e) f) 

 

g) h) i) 

Figure 10: Experimental soil set up for tea leaves as biostimulating agent for treating 10% oily sludge 

contaminated soil. a), b), c) control and duplicate set- Day 0 respectively; d), e), f) control and 

duplicate set- Day 20 respectively; g), h), i) control and duplicate set- Day 40 respectively 

As stated earlier, the process was carried out with 1 kg of soil spiked with 10% of oily sludge. In 
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this, 30 g of tea leaves were added and mixed well. Except for the control, in which no biostimulating 

agent (tea leaves) was added. The dark color of the soil indicates the presence of hydrocarbons in 

oily sludge which gradually decreases as incubation time exceeds. After 40 days of incubation, 

visible differences could be observed in the color of the soil setups. On the day 40, the color 

observed is lighter than that of the day 0, which signifies that the degradation process has been started 

(Figure 10). The chromatograms of extracted samples were obtained for day 0, 20 and 40 for control 

and the duplicate sets A and B (Figure 11). By the total area acquired from the obtained 

chromatograms, % TPH degradation was calculated. 

                                  

                                  a)                                                                                   b)   

 

 

      c)        d) 

 
 

  

     e)      f) 
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       g)             h) 
 

        i) 

Figure 11: Chromatograms for biostimulation with tea leaves in soil spiked with 10% oily sludge. 

a), b), c) control and duplicate set- Day 0 respectively; d), e), f) control and duplicate set- Day 20 

respectively; g), h), i) control and duplicate set- Day 40 respectively. 

 

TPH degradation was calculated from the obtained total area. Lesser the total area observed, higher  is 

the degradation and similar results were obtained in duplicate set A. But in case of duplicate set B 

(Figure 11- f), total area (674.307) on day 20 was found to be less as compared to total area 

(641.396) on day 0 which indicates that coelution phenomenon has taken place. This is because, 

initially organic compounds when degraded are structurally similar but chemically different 

compounds termed as isomers are difficult to differentiate by chromatography. This is termed as 

co-elution phenomena i.e. degrading product formed does not differentiate with the parent compound 

and is eluting under the main peak which ultimately increases the peak area (Otte et al., 2011). In 

such case analyzing degradation for longer duration may be helpful. With longer incubation time of 

40 days, reduction in total area was observed in the chromatograms. %TPH degradation was found 

to be higher in soil set up mixed with biostimulating agent (tea leaves) as compared to control (no 

biostimulating agent) (Figure 12). 
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Figure 12: TPH degradation in 10% oily sludge contaminated soil with tea leaves as biostimulating 

agent in 40 days of incubation. Control soil is inoculated with consortium.  

5.2.2  Testing TPH removal potential of selected bacterial consortium 

 

Here, selected bacterial consortium was bioaugmented in soil spiked with 10%, 30% and 50% oily 

sludge. At Day-0 the color of soil mixed with oily sludge is too dark but with time (Day- 40) the 

color shade of soil gets lighter. Further, more color change was observed in 10% oily sludge set up 

as compared to 30% and 50%. TPH content in 0, 20 and 40th day sample was determined using GC-

FID analysis. The obtained chromatograms of each sample are represented in figure 13, 14 and 15 

respectively. 
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                                             a)                                                                              b) 

                                            c)                                                                               d) 

                                            e)                                                                                f) 

                                           g)                                                                                   h)  

                                            i) 
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Figure 13: GC-FID chromatogram representing 10% oily sludge degradation by bacterial consortium a), b), c) control and 

duplicate set- Day 0 respectively; d), e), f) control and duplicate set- Day 20 respectively; g), h), i) control and duplicate 

set- Day 40 respectively.  

     a)      b) 

  

                                           c)                                                                               d) 

 

                                         e)                                                                                f) 

                                                                                     g)                                                                                   h) 
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i) 

 

Figure 14: GC-FID chromatogram representing 30% oily sludge degradation by bacterial consortium a), 

b), c) control and duplicate set- Day 0 respectively; d), e), f) control and duplicate set- Day 20 respectively; 

g), h), i) control and duplicate set- Day 40 respectively. 

  

a) b) 

 

                                       c)                                                                                 d) 

 

e)                                                                                f) 
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g) h) 
 

                                                 i) 

 

Figure 15: GC-FID chromatogram representing 50% oily sludge degradation by bacterial consortium 

a), b), c) control and duplicate set- Day 0 respectively; d), e), f) control and duplicate set- Day 20 

respectively; g), h), i) control and duplicate set- Day 40 respectively. 

 
 

As the incubation time increases from 0 to 40 days, reduction in peak area and size was observed in 

all experimental set up of 10%, 30% and 50% (Figure 13, 14 and 15). Data obtained from 

chromatograms were then analyzed for %TPH degradation. Each peak in chromatogram represents 

particular type of hydrocarbon and total area of all the peaks was used to calculate %TPH 

degradation. Results were plotted in graphical format as shown in Figure 16. Degradation was also 

seen in control (no bacterial consortium) soil setup which indicates the role of indigenous 

microflora in bioremediation process. Indigenous microflora can naturally withstand high levels of 

toxicity and play an important role in bioremediation (Ouyang et al., 2005). In case of bacterial 

consortium, %TPH degradation was found to be higher as compared to control sets in all 

experimental set ups (10%, 30% and 50%) (Figure 16). Fold rise in comparison to control was found 

out to be 1.21> 1.05 >3.37 in case of 10%, 30% and 50% set up respectively. Thus, bioaugmentation 

of bacterial consortium supports the activity of indigenous microflora. Further, less amount of 

degradation activity was seen in soil spiked with 50% oily sludge may be because high oily sludge 
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concentration is found toxic for bacterial consortium.  

            

Figure 16: TPH degradation efficiency of inoculated bacterial consortium to degrade 10%, 30% and 50% 

oily sludge contaminated soil  

 
 

5.2.3 Optimization of carrier matrix for field level application of bacterial 

consortium for oily sludge contaminated soil 

In order to enhance the survivability as well as stability of consortium in oily sludge contaminated 

soil, carrier matrix was used. Carrier matrix basically entraps the cells and allows its slow diffusion 

into the soil thus increases cell stability. The bacterial consortium was grown in sufficient amount and 

embedded onto some carrier matrix or agents like saw dust, peat, wheat bran or sugarcane bagasse by 

methods like adsorption, covalent bonding, entrapment, or encapsulation. 

In this study, saw dust was used as carrier matrix as it is non-toxic to microorganism, easily available, 

acts as bulking agent and is also cost effective. Bacterial consortium was adsorbed on saw dust and 

mixed into soil spiked with 10% oily sludge (Figure 17). As observed earlier with tea leaves 

amendments, dark to light color change could be seen in all the trays of day 0 as compared to trays 

of day 40 indicating degradation (Figure 17). Sample collection was done at 0, 20th and 40th day. 

GC-FID was performed to measure % TPH removal efficiency of inoculated consortia. Obtained 

chromatograms are shown in Figure 18. 
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                  a)                   b)  c) d) e) f) 

g) h) i) 

Figure 17: Soil set up of bacterial consortium adsorbed on saw dust for 10% oily sludge 

degradation. a), b), c) control and duplicate set of tested consortium- Day 0 respectively; 

d), e), f) control and duplicate set of tested consortium- Day 20 respectively; g), h), i) 

control and duplicate set of tested consortium- Day 40 respectively 

                              a)                                                                                     b) 
 

 

 

                                    c)                                                                                    d) 
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                                    e)                                                                                    f) 
 

g)                                                                                       h) 

 

                                    i) 
 

 

Figure 18: GC chromatograms representing 10% oily sludge degradation by bacterial 

consortium adsorbed on saw dust. a), b), c) control and duplicate set- Day 0 respectively; d), e), 

f) control and duplicate set- Day 20 respectively; g), h), i) control and duplicate set- Day 40 

respectively. 
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According, to the data obtained, %TPH degradation was found to be 89.38% when 

adsorbed on saw dust which was higher in contrast to without (no consortium) adsorption on 

saw dust i.e. 49.03% in 40 days of incubation (* : p < 0.05) (Figure  19).  

 
Figure 19: TPH degradation in 10% oily sludge contaminated soil by bacterial consortium 

adsorbed on saw dust, after 40 days of incubation 

 Thus, bacterial consortium was able to degrade oily sludge more efficiently when applied 

after adsorption on saw dust as compared to without adsorption. Fold rise in comparison to 

control was found to be 1.13 when bacterial consortium was embedded on saw dust. 

Considering the obtained result, it can be concluded that adsorbing bacterial consortium on 

saw dust for treating site contaminated with oily sludge may prove beneficial. Apart from 

this, degradation could be seen in control tray (no consortium) also in which only sludge 

and saw dust were mixed with soil. Though the degradation was lower in comparison to the 

results obtained with consortium but this needs to be resolved for improving the treatment 

strategy. As reported by Stroud et al., 2007 due to interactions between soil and aliphatic 

hydrocarbon, adsorption of oily sludge particle takes place on saw dust. Saw dust also 

adsorbs PAH from surrounding area and increases its bioavailability for consortium (Leahy 

and Colwell 1990).  

       Saw dust is a lignocellulosic material which contains numerous functional groups such as 

carboxyl, hydroxyl, phenolic, and amide groups in the structure (Sciban et al., 2007). Such 

functional group aids in binding petroleum hydrocarbon with it. Thus, saw dust can act as an 

adsorbent. But adsorption of oily sludge on saw dust does not promote degradation, instead it 

increases easy accessibility for organism to act. In order to find results of actual degradation by 
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bacterial consortium, experimental evidence indicating removal of TPH from samples where in 

bacterial consortium was adsorbed on saw dust and TPH removal only by saw dust needs to be 

explored. This can be done by performing Total organic carbon (TOC) of 40 day control sample 

containing only saw dust and 40 day test sample containing saw dust as well as inoculated bacterial 

consortium. Higher the TOC value lesser will be the degradation. This will provide an idea about 

extent of degradation which occurred in presence and absence of consortium. 

 

5.2.4 Treatment of oily sludge contaminated soil using tea leaves as 

biostimulating agent and bacterial consortium adsorbed on saw dust as 

carrier matrix 

Here, bioremediation of oily sludge is accomplished by combining all the tested processes. 

This strategy was employed to investigate whether the combination of all tested processes 

would provide better degradation than applying them individually. Figure 20 represents soil 

set up images. Color change could be seen from dark to light in all the trays of day 0 

(Figure 20 a, b, c) as compared to trays of day 20 (Figure 20 g, h, i) indicating degradation. 

Figure 21 display the chromatogram of 10% oily sludge contaminated soil amended with 

tea leaves and  bacterial consortium adsorbed onto saw dust. 

  a)                      b) c) d) e)  f)                  

g)                     h)                  i)                              j)                     k)                        l) 

 

Figure 20: Experimental set up of 10% oily sludge contaminated soil amended with tea 

leaves and bacterial consortium adsorbed onto saw dust a), b), c) control and duplicate set of 

tested consortium- Day 0 respectively; d), e), f) control and duplicate set of tested consortium-

Day 10 respectively; g), h), i) control and duplicate set of tested consortium- Day 20 respectively; 

j), k), l) control and duplicate set of tested consortium- Day 30 respectively. 
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                                 a)                                                                                     b) 

                                c)                                                                                     d)                                                                             

        

 

                                 e)                                                                             f) 

 

                                   g)                                                                          h) 
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                                   i)                                                                            j) 

                                  k)                                                                            l) 

 

Figure 21: GC chromatograms of 10% oily sludge contaminated soil in presence of tea leaves 

and bacterial consortium adsorbed onto saw dust a), b), c) control and duplicate set of consortium 

amendment- Day 0 respectively; d), e), f) control and duplicate set of consortium amendment- 

Day 10 respectively; g), h), i) control and duplicate set of consortium amendment- Day 20 

respectively; j), k), l) control and duplicate set of consortium amendment- Day 30 respectively. 

 

 

TPH degradation was found to be high at day 30 as compared to day 0 according to total area 

calculated from GC chromatograms. Figure 22 represents the %TPH degradation efficiency of 

bacterial consortium adsorbed on the saw dust in presence of tea leaves as biostimulating 

agent. 
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Figure 22: TPH degradation of 10% oily sludge contaminated soil by bacterial consortium 

using tea leaves as biostimulating agent and saw dust as carrier matrix. Control soil 

contained only 10% oily sludge.  

     In comparison to control % TPH degradation was found to be higher in test set up. Fold rise 

was 2.39, 1.59 and 1.57 at 10, 20 and 30 days respectively in comparison to control. Thus, 

this  strategy enhances the degradation potential of indigenous flora in lesser incubation 

time as compared to individual experiment (30 days results are ongoing). 
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5.3. Conclusion 
 

The present study was designed to develop the oily sludge bioremediation strategy. 

 

1. Here, tea leaves serving as source of N, P and K was investigated as biostimulating 

agent. The results revealed that it enhanced the TPH removal efficiency of indigenous 

microbiota present in soil contaminated with 10% oily sludge. 

2. Further, the efficiency of bacterial consortium to degrade oily sludge was investigated. 

Studied bacterial consortium included four strains designated as AWSant34: 

Achromobacter xylosoxidans, AWSant36: Pannonibacter phragmitetus, AWSant37: 

Pseudomonas balearica and ASSphn611: Pseudomonas aeruginosa which showed 

high TPH degradation efficiency. Among the 4 strains AWSant34: Achromobacter 

xylosoxidans was also a biosurfactant producer. The capability of bacterial consortium 

to treat 10%, 30% and 50% oily sludge in 40 days was determined. TPH degradation 

potential of bacterial consortium increased then decreased with higher oily sludge 

concentration i.e. high degradation was obtained with 10% oily sludge (54.22%), 

highest was observed in 30% (37.87) and the lowest was obtained in 50 % (33.18%) 

oily sludge respectively. Further, in all cases (10%, 30% and 50%) bacterial 

consortium supported the indigenous  microflora in removing petroleum hydrocarbon 

contaminants. 

3. Bacterial cell was adsorbed onto saw dust and then bioaugmented in the soil spiked 

with 10% oily sludge and according to the results obtained adsorbing oily sludge on 

saw dust proved beneficial (showing 89.38% TPH degradation) in contrast to direct 

application of bacterial consortium (showing 49.03% TPH degradation). 

4. Carbon sources such as D-Fructose-6-phosphate, α-D-Glucose, D- Fructose and D- 

Glucuronic acid were maximally utilized by the selected strains of bacterial 

consortium. Carbon sources like sugarcane bagasse, molasses and others providing the 

above listed substrates can be used for biomass development during field studies. 
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5.4. Future Aspects 
 

 

In future, the amendment of bacterial consortium on field scale can be carried out using 

carrier agent (saw dust) for treating oily sludge contaminated soil. With the help of genomics, 

proteomics and metabolomics, identification and comparison of gene and protein sequences 

associated with TPH degradation pathway can be determined. Interaction between added 

consortium and indigenous flora can be studied via metagenomic studies. Identified cheap 

substrate can be used for biomass development for application in field. 
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ANNEXURE-1 
 

Composition of Nutrient agar: 

 

Ingredients g/L 

Peptone 5 

HM peptone B 1.5 

Yeast extract 1.5 

NaCl 5 

Agar 15 

pH 7.4+0.2 

 

 
Composition of Nutrient Broth: 

 

Ingredients g/L 

Peptone 5 

HM peptone B 1.5 

Yeast extract 1.5 

NaCl 5 

pH 7.4+0.2 

 

 
Composition of Minimal salt medium (MM2): 

 

Ingredients g/100 mL 

Na2HPO4 0.141 

K2HPO4 0.174 

(NH4)2SO4 0.237 

Mg. SO4.7H2O 0.024 

NaCl 0.049 
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Composition of normal saline: 

 

Ingredients g/100 mL 

NaCl 8.5 
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