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7.1 Introduction 

PAHs enter into the aquatic environments mainly through  oil spills, runoff from land, 

roads, pavements, roofs, guttering and industries [381]. After joining in to the water 

systems, PAHs due to their hydrophobic nature gets settled, partition or adsorb on to non 

aqueous phase like soil or sediment [382]. PAHs were considered as the important 

pollutants by the Water frame work directive 2000/60/EC for its toxicity and these PAHs 

because of their high stability, liophilic style and environmental nature  facilitates their 

transport  through food chain finally targeting huanbeings [383, 384]. For drinking water, 

the EU Directive 98/83/EC has set regulations of PAHs concentration as 0.10 μg/L of BbF, 

BkF, BgP and IP and 0.010 μg/L for BaP [385]. Over the years, with endless deposition of 

various urban wastes and drain discharges in to the rivers they are getting polluted.  

 

Table 7.1 Ranges of PAHs concentration (ng/ml) reported from different river waters [385] 

Site Period Total studied PAHs ΣPAHs Conc Reference 

Qiantang River, China  2005 15 PAHs 0.0703-1.844 [386] 

Yellow River, China 2005 16 PAHs 48.2 - 206 [387] 

Tiber River, Italy 2007 6 PAHs 0.024- 0.072 [388] 

Kori River, Iran 2010 16 PAHs 45.4 - 375.1 [389] 

Bharalu River, India 2012-2013 16 PAHs 3.351 – 72.893 [385] 

 

Though biodegradation using microbes as an entity is proved to be advantageous for soil 

contaminants, there exist several limitations for the same to remove contaminants in water. 

Factors like solubility, dissolution rate, partition coefficient; viscosity etc hampers usage of 

the cell as a whole for biodegradation of PAHs in water. These viabilities can be conquered 

by using biosurfactants which favors degradation by enhancing oil dispersion into the 

aqueous phase, which further decreases the volatilization of low carbon hydrocarbons [202]. 

Being ecofriendly is one of the important and convincing advantages of biosurfactants over 

chemical surfactants.  

 

As a remediation strategy, bacteria and fungi basically releases biosurfactants into the 

medium to increase the bioavailabilty and utilization of the PAH compound [390]. 

Biosurfactants can increase the degradation by enhancing the substrate availability for 
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microorganisms and by allowing the interaction with the cell surface there by elevating the 

cell surface hydrophobicity enabling the easy association of bacterial cells with the PAHs 

[391]. Biosurfactants introduction increases PAHs biodegradation by mobilization, 

solublization [392-394].  The biosurfactants produced by a consortium member degraded 

91% of the hydrocarbon content of soil contaminated with 1% (v/v) crude oil sludge in 5 

weeks and it was identified as a mixture of 11 rhamnolipid congeners [240]. Organisms 

belonging to the genera Pseudomonas, Acinetobacter calcoaceticus and Serratia 

morcescens were already known for biosurfactant production.  

 

Biosurfactants, depending upon the stage of growth of microorganism, may change the 

hydrocarbon accession modes [395]. For example, Gordonia sp. strain BS 29 produced cell-

bound glycolipid biosurfactant and extracellular bioemulsifier  when grown on 

hydrocarbons, while on hexadecane has shown hydrophobicity changes [396, 397]. The 

ability of biosurfactant producing microorganisms in enhancing the various PAHs 

degradation was investigated by many scientists (Table 2.10). The application of 

biosurfactants or biosurfactant producing microorganisms directly or indirectly in the 

bioremediation of pollutes sites is of definite advantage. Hence, the present work aims at 

analyzing the biosurfactant producing capability of the consortium and its degradation 

ability of PAHs contaminated water. 

 

7.2 Methodology 

7.2.1 Biosurfactant isolation and extraction 

The biosurfactant produced by the consortium was extracted on 5
th

 day as described by 

Rahman K 2003[398]. In brief, the entire content of the flasks (250ml) containing PAHs as 

the sole carbon source  was centrifuged at 8000 rpm for 15min at 4
o
C and the collected 

supernatant was acidified with 6N HCl at pH 2 and left for overnight at 4
o
C in the 

refrigerator for precipitation, while the remaining supernatant was used for estimating 

different properties of biosurfactant. 

The isolated biosurfactant was characterized by Silica gel 60 F254 TLC plates (Merck). The 

running solvent was a mixture of chloroform, methanol and water in the ratio of 65:25:4 

(v/v). Plates were air dried and sprayed with p-anisaldehyde reagent to detect glycolipids. 
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Carbohydrate content in the biosurfactant was determined by Phenol sulphuric acid [399] 

and protein by Lowry method.[375]. 

 

The consortium growth and PAHs mixture degradation in Mineral salts medium and water 

was analyzed by HPLC as described in the chapter 2. 

 

7.3 Results and Discussion 

7.3.1 Biosurfactant production and characterization 

In order to determine the role of microorganisms in the consortium during the degradation 

of PAHs, consortium was screened for biosurfactant production. The biosurfactant 

production ability of the consortium with PAHs as sole carbon source was measured every 

24hrs using E24 method (Figure 7.1). Consortium showed an emulsifying activity of 

maximum 66% (CHY), 61% (BaP and BkF) 64% (PHE, PYR) and 58% (FLU) in 7 days. 

The maximum production was observed on day 5 where the biosurfactant was isolated and 

characterized with TLC and FTIR.   

 

Also, the protein and the carbohydrate content was quantified and it was observed that on an 

average the protein content was 2.4 and 2.8 µg/ml and carbohydrate content 26 and 25 

µg/ml with PAHs, BaP and BkF as sole carbon source in the medium. For the remaining 

PAHs protein content was found to be 2.5 µg/ml. The carbohydrate content was high in 

PHE (26 µg/ml) while the rest of three PAHs showed only 20 µg/ml (Figure 7.2). The 

presence of carbohydrate moiety in the biosurfactant was also evident with p-anisaldehyde 

staining of TLC plates. 
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Figure 7.1 Biosurfactant Production profile of the consortium during the degradation of 

PAHs (A) PHE ( ), PYR ( ), FLU ( ) and CHY ( ) (B) BaP ( ) and BkF 

( ) over a period of 7days. 

 

The IR spectra of the biosurfactant produced by the consortium with different PAHs as a 

sole carbon source are presented in Figure 7.3 (a-f). The spectra showed strong absorption 

bands at 3344cm
−1

 which can be attributed to stretching vibration of –O–H group. This fatty 

alcohols plays an important role in the biosynthesis of biosurfactants [400]. Concurrently, 

fatty alcohols were observed as GC-MS metabolites during the degradation of PAHs. The 

absorption at 1734cm
-1

 could be endorsed to the stretching of C=O of carboxylate anion and 

at 1032cm
-1

 due to C-O of glucose in pyranose form. The asymmetrical stretching (Vas 

CH2) of methylene is known to occur at 2951 cm
-1

 (PHE), 2046cm
-1

 (PYR), 2945cm-

1(BkF) and 2963cm
-1

 (BaP). The absorption at 1218 cm
-1

 might be due to the presence of a 

glycosidic bond (C-O-C) of glycolipid and the appearance of N-CH3 at 720-790cm
-1

 

confirms the phospholipid choline functional groups. 

Production of biosurfactants by microbial consortia was higher in the presence of PAHs as 

the sole carbon source when compared to dextrose which correlates with the previous 

reports [401] where hydrocarbon based grown cells are more hydrophobic and showed high 

affinity towards aromatic and aliphatic hydrocarbons compared to dextrose grown cells. 

Also, increased laacase production was reported in the presence of biosurfactant [402] 

which is correlated in the present study where both laccase and biosurfactant activity was 

observed maximum on day 5.  Also, from previous studies, [403-405] the production of 
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biosurfactant by pseudomonas species during PAHs degradation [241] described the 

positive effect of biosurfactant in enhancement of PAHs degradation. Alike, Acinetobacter 

calcoaceticus and Serratia morcescens were reported for their biosurfactant production. 

[395, 406]. 

 

 

Figure 7.2 represents the carbohydrate and protein content of the biosurfactant produced 

during the PAHs degradation. 
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Figure 7.3 (A-F) represents the IR spectra of the isolated biosurfactant produced by the 

consortium with PAHs as sole carbon source. 
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7.3.2 Application of consortium for bioremediation of PAHs contaminated water 

The consortium was checked for its ability to degrade PAHs in Mineral medium and 

different natural waters. For this purpose, five different types of water were collected from 

different sources. They are Mineral water, River water, Pond water, Tap water and Bore 

water and all of them were contaminated with PAH’s mix (Sigma) containing 13 PAHs and 

the degradation rate was represented in the Table 7.2. An average of 90% degradation of all 

PAHs was observed on the flask scale in PAHs contaminated water collected from various 

sources over 7 days of incubation with PAHs as the sole carbon source. Hence, from the 

results, it can be stated that this consortium can be used for the treatment of PAHs 

contaminated water and also for industrial effluent treatment. 

 

Table 7.2 represents the degradation percentage of individual PAHs present in the PAHs 

Mixture supplemented as a sole carbon source in different types of water samples over a 

period of 7days. 

PAH 
Mineral 

water 

River 

water 

Pond 

water 

Tap 

water 

Bore 

water 

Mineral 

Medium 

Naphthalene 94.2±3.8 88.4±3.5 95.5±3.8 94.8±3.8 95.5±3.8 96.0±3.8 

Phenanthrene 77.0±1.9 65.4±1.6 65.4±1.6 75.0±1.9 65.3±1.6 87.8±2.2 

Anthracene 95.3±3.2 82.4±2.8 90.3±3.1 95.8±3.3 74.5±2.5 83.8±2.8 

Fluoranthene 90.6±1.7 81.5±1.5 89.7±1.7 85.4±1.6 78.3±1.5 85.7±1.6 

Pyrene 65.4±1.6 54.8±1.4 68.2±1.7 57.1±1.4 62.2±1.6 84.8±2.1 

Benz(a)anthracene 52.0±1.4 48.0±1.2 39.0±1.0 98.0±2.5 98.0±2.5 82.5±2.1 

Chrysene 77.0±2.5 69.2±2.3 60.4±2.0 75.4±2.5 69.0±2.3 84.1±2.8 

Benz (b)fluoranthene 57.7±2.3 99.0±4.0 99.0±4.0 92.0±3.7 100±4.0 84.4±3.4 

Benz (k)fluoranthene 94.4±3.2 93.6±2.3 70.7±1.8 97.2±2.4 93.7±2.3 72.1±1.8 

Benzo (ghi) perylene 95.0±1.9 92.0±3.1 95.6±3.3 98.0±3.3 96.2±3.3 73.3±2.5 

Benzo (a) pyrene 100±2.5 99.0±1.9 100±1.9 99.0±1.9 100±1.9 74.8±1.4 

Dibenz (a,h) anthracene 99.0±2.5 100±2.5 99.0±2.5 100±2.5 100±2.5 75.1±1.9 

Indeno (1,2,3-cd) pyrene 95.0±2.4 94±2.4 100±2.6 100±2.6 100±2.6 71.4±1.9 
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The ground water contaminated with PAHs was bioremediated to drinking water quality in 

Germany using ex situ biodegradation treatment plant containing the bacteria Zoogloea, 

Leptothrix, Sphingomonas, Novosphingobium and Comamonadaceae which aided in the 

degradation. In bioreactors, removal of 95 % of naphthalene and methylnaphthalene and 90 

% of total PAHs was observed [407]. Bacterial consortium of Staphylococcus warneri and 

Bacillus pumilus degraded PAHs (PHE, PYR and BAA) to 90% individually and in 

cometabolic conditions (PAHs mixture) to 100% in 3 days when operated in a bioreactor 

[335]. Also, occurance and bioremediation of PAHs in ground water of manufactured gas 

plant was described by [408]. 

 

7.4 Summary 

Based on the results, it can be deduced that (1) the production of biosurfactant was the 

inherent property of the microorganisms and consortium showed more biosurfactant 

production with PAHs as the sole carbon source compared to dextrose. (2) The enhanced 

PAHs degradation rate was observed in the presence of biosurfactant producing 

microorganisms as members of the consortium. (3) The bioremediation of PAHs 

contaminated water aids in the mitigation of water pollution. Hence, the microbial 

consortium can be of potential use with increased rate of bioremediation of PAHs 

cometabolically. 


