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CHAPTER-V 

Evaluation of the degradation ability of 

the selected microbial  consortium with 

PAHs as a sole carbon source 
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5.1 Introduction 

Biological treatment of PAHs has gained importance and recommended for practice as it has 

provided an economical and environmentally friendly solution compared to physical and 

chemical methods [344, 345]. PAHs are broadly divided into two types low molecular 

weight (LMW) and high molecular weight (HMW) PAHs. PAHs are widespread and are 

generated from natural and anthropogenic sources. The latter being the cause of 

environmental hazards. Amongst the diverse microorganisms employed, only few could 

utilize PAHs as the sole carbon and energy source (low molecular weight PAHs), while 

HMW PAHs are rarely digested [246]. High-molecular weight (HMW) PAHs, such as Benz 

[a] anthracene (4 ring), Dibenz [a, h] anthracene (5 ring) and Indeno (1, 2, 3-cd) pyrene (6 

ring) do not easily degrade in environment and are more detrimental to humans than low 

molecular weight PAHs [346]. Their affinity towards fatty acids enable them to react with 

fatty acids, thereby accumulate in food [347] and tend to stay in the environment for longer 

periods. Furthermore, their biological toxicity increase the concern for environment [348]. 

Improper management of PAHs poses severe health hazards. Therefore a significant effort is 

being put in to remove these pollutants from the environment.  

 

Identification of microorganisms that can use the HMW PAHs as the only carbon source 

will aid in the bioremediation of PAH contaminated sites, as supply of additional carbon for 

large tracts of land and water may not be entirely feasible and economical. The inability of 

an individual organism to degrade combination of low and high molecular weight PAHs 

resulted in the employment of assemblage of mixed communities. PAHs because of their 

complex and recalcitrance nature cannot serve as growth substrate for a single microbe, but 

they are oxidized in a series of steps by a consortium of microorganisms [349].  

 

In a consortium, some microbes can degrade a broad range of hydrocarbons while others 

can use partially degraded metabolites that could be toxic or inhibitory for some of the 

primary degraders [321, 350]. This was evident with the isolation and identification of 

microbial populations containing different genera from various oil and PAHs contaminated 

sites [160, 351, 352]. Moreover, synergism among consortia members was apparent with 

sequential change in the bacterial groups during PAHs utilization [313, 353]. Both 
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lignonolytic and non-ligninolytic fungi engage in degradation of PAHs. Whatsoever, 

bacteria or fungi as biodegrading sources, in vitro studies ordinarily include isolation of 

microbes as pure cultures, followed by elicitation of the metabolic pathways through which 

microbes degrade PAHs. On the other hand, degradation of PAHs in the natural 

environment is quite complex as both high molecular weight and low molecular weight 

PAHs are present. This further becomes more complex as a broad range of microbial 

population is present in the environment. This situation can be better addressed by 

employing consortium instead of pure culture, facilitating, degradation of both high and low 

molecular weight PAHs where, both bacteria and fungi work in synergy to achieve better 

results. This increased performance of microbes is due to the fact that some microbes 

degrade primary PAHs while some react with intermediate metabolites thereby resulting in 

complete degradation [201].  

 

Previous works [160, 202, 203] emphasized the usage of consortium for complex PAHs 

degradation. In the present study, an attempt was made to understand the role of individual 

microorganisms in the consortium and their impact on the association. Some scientists have 

reported the degradation of LMW PAHs like Naphthalene, Anthracene, Phenanthrene, 

Fluorene, Pyrene and Benzo (a) pyrene by Aspergillus species but not BAA, DBA and IND 

[246, 354]. Also limited information is available on the metabolite products of DBA, IND 

and on the metabolites produced by cocultures. Hence, the study was aimed to compare and 

test the consortium for its ability to degrade and utilize PAHs as a sole carbon source in the 

liquid medium through synergism and to investigate the metabolites produced during the 

degradation process.  

 

5.2 Methodology 

The inoculum preparation, biodegradation of PAHs in the liquid medium and analysis of 

growth, degradation rate by HPLC and analysis of PAHs metabolites by GC-MS was 

conducted as described in the chapter 3. 
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5.3 Results 

5.3.1 PAHs biodegradation 

Microorganisms isolated from different hydrocarbon contaminated sites (MTCC, 

Chandigarh) were screened based on their ability to degrade PAHs as a sole carbon source 

and a consortium of bacterial, fungal cocultures was developed and its degradation 

efficiency was evaluated with different PAHs (PHE, PYR, FLU and CHY) as the sole 

carbon source. The effect of pH on biodegradation of PAHs by the consortium was studied 

(Figure 5.1A). The growth of the consortium was evaluated every two days and the biomass 

showed a linear relationship with the degradation rate growth till 5
th

 day with PHE, PYR 

and FLU while biomass with CHY sustained till 3
rd

 day and then started growing (Figure 

5.1B). The biodegradation of individual PAHs in liquid medium by the consortium was 

evaluated by HPLC over the period of 7 days (Figure 5.1C). It was observed that the pH of 

the MS medium influences the PAH degradation. The maximum degradation of PHE and 

FLU was attained at pH 6.0 (99% and 60%), while for PYR at pH 6.5 (57.4%) and CHY at 

pH 7.5 (82%) respectively. A minimum degradation of 50% was observed for all PAHs 

within the pH range 6.0-7.5 indicating that the bioremediation by consortium can suitably 

adapt to the environmental conditions.  

 

Consortium members when tested individually showed maximum degradation of 81% of 

PHE (Pseudomonas putida), CHY 71%, PYR 34% (Aspergillus terricola var americanus) 

and FLU 30% (Acinetobacter calcoaceticus) while only bacterial consortium degraded 88% 

(PHE), 48% (CHY), 42% (FLU) and 27% (PYR) respectively (Figure 5.1D). An enhanced 

degradation rate of 99% (PHE), 82% (CHY), 60% (FLU) and 57.4% (PYR) was observed 

with bacterial fungal cocultures (Table 5.1). Although the other consortium members 

Acinetobacter calcoaceticus and Serratia morcescens were not efficient PAH degraders 

individually, their presence played an important role in production of biosurfactant for 

enhanced degradation. The degradation rate was decreased in the absence of these cultures 

in the consortium. The effect of PAHs mixtures at the concentration of 100 mg/L 

(individual PAH concentration-25mg/L) on the biodegradation efficiency of the consortium 
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was studied. The degradation followed the order of PHE (96.5%), CHY (84%), FLU 

(78.4%) and PYR (74.4%) respectively. 

 

  

Figure 5.1 (A) Represents the effect of P
H
 on PAHs degradation for 7days, (B and C) 

Comparison of growth pattern (biomass) and degradation of PAHs: PHE, PYR, FLU and 

CHY by consortium B+F during 7 days of incubation. (D) Degradation percentage of only 

bacteria, only fungus and consortium B+F.  
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Table 5.1: Percentage degradation of PAHs by individual microorganisms and 

consortium. 

S.NO. Bacterial strain PHE PYR FLU CHY 

1 Acinetobacter calcoaceticus (MTCC 2409) 75±3.0 24±1.0 31±1.2 39±1.6 

2 Pseudomonas putida (MTCC 2445) 81±2.0 18±0.5 18.5±0.5 21±0.5 

3 Serratia morcescens (MTCC 2645) 52±1.8 9±0.3 18±0.6 26±0.9 

4 Acinetobacter calcoaceticus (MTCC 2289) 82±1.6 12±0.2 27±0.5 27±0.5 

5 Bacterial consortium 88±2.2 27±0.7 42±1.1 48±1.2 

6 Aspergillus terricola var 

americanus (MTCC 2739) 
39±1.0 34±0.9 30±0.8 71±1.8 

7 Consortium (Bacteria and fungus) 99±3.3 57.4±1.9 60±2.0 82±2.7 

In the present study, an assemblage of cultures degraded PAHs effectively compared to pure 

cultures indicating synergism among the consortium members. This correlated with the 

previous studies [191] where the consortium showed 80% degradation of PHE compared to 

individual cultures, Acinetobacter baumannii (48%), K. oxytoca (11%) and 

Stenotrophomonas maltophilia (9%) respectively after 360hrs of incubation. The capacity of 

microbial consortium containing fungal bacterial cocultures showed an average degradation 

of 78% of  PAHs (Anthracene, PHE and PYR) over a period of 30days in soil, while the 

fungal and bacterial isolates when inoculated separately showed less mineralization when 

compared to the consortium [337]. For HMW - PAHs (BaP and BkF) biomass showed a 

linear relationship with the degradation rate in the first 5 days, except for the decline during 

the 7
th

 day of incubation, which could be attributed to the depletion of the carbon source 

(Figure 5.2 A). The effect of pH on PAHs biodegradation by consortium was illustrated in 

Figure 5.2 B.  It was observed that the pH of the MSM could influence the PAHs 

degradation. The maximum degradation of BaP was attained at pH 7.0 (64%), while for 

BkF at pH 6.5 (69%) respectively. A minimum degradation of 50% was observed for all 

PAHs within the pH range 6.5 - 7.5 and clearly the maximum degradation at pH 7.0 and 6.5 

as mentioned earlier concluding that the bioremediation by consortium can suitably adapt to 

the environmental conditions. The degradation rate of Benzo (a) pyrene and Benz (k) 

fluoranthene in liquid medium after 1, 3, 5 and 7 days of incubation was shown in Figure 

5.2 C, reporting the degradation of  60% within 7 days of incubation for BaP and BkF. 
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Inaddition, consortium when tested without fungus showed maximum degradation of 44% 

and 48.4%, whereas only fungus Aspergillus terricola showed 55.8%  and 42% and together 

as fungal bacterial consortium degraded 64% (BaP) and 69% (BkF) respectively (Figure 5.2 

D). An enhanced degradation rate when compared to consortium of only bacteria and fungal 

strain was observed indicating  that bacterial fungal cocultures degrade PAHs effectively 

compared to pure cultures [191, 355]. The present work correlated with the studies of [160] 

who had shown the mineralization of BaP to CO2 by 28% in 49 days by defined fungal 

bacterial cocultures and [351] showed  44.07% degradation of BaP (10 mg/L) by bacterial 

consortium in 14 days and also reported the high degradation rate with assemblage of 

organisms over individual organisms indicating synergism among the consortial members.  

 

Figure 5.2 (A and B) Comparison of growth pattern (biomass) and effect of pH on PAHs: 

BaP   and BkF for 7days. (C) Represents the degradation of PAHs by consortium B+F 

during 7 days of incubation (D) Degradation percentage of only bacteria, only fungus and 

consortium B+F. 
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Based on previous studies, [356] only 34-37% removal of 50mg/L BaP by 

Stenotrophomonas maltophilia strainVUN10,003 in 42days was reported. Also, Maeda, A.H 

and Rentz, J.A., et al [357, 358] reported the degradation of BaP and BkF along with 

metabolites identification produced by Sphingomonas species [359] and HMW-PAHs 

degradation by Mycobacterium species. In the current study, the individual degradation of 

BaP and BkF above 60 % in 7 days with PAH as their sole carbon source by the microbial 

consortium has been reported. It was hypothesized that fungus commences the initial steps 

of the oxidation of PAHs by producing extracellular enzymes, facilitating the remaining 

bacterial microorganisms in synthesizing the biosurfactants thereby enhancing the PAHs 

bioavailability and utilizing them as carbon source with increased PAHs degradation rate. 

Inaddition, selection of consortia members that are in turn capable of producing 

biosurfactants, PAHs biodegradation can be enhanced.  

 

Added, HMW PAHs (BAA, DBA and IND) degradation was studied with bacteria fungal 

cocultures and individual organisms.  Interestingly, the pure culture of fungus showed 

slightly higher degradation compared to the consortium. Hence, the fungal strain A. 

terricola var americanus was selected for the degradation of the PAHs BAA, DBA and 

IND. The growth of the organism with different PAHs (BAA, DBA and IND) as the sole 

carbon source was evaluated every two days. Fungal biomass showed a linear relationship 

with the degradation rate in the first 8 days (Figure 5.3 A), except for the decline during the 

10
th

 day of incubation, which could be attributed to the depletion of the PAH. The rates of 

BAA, DBA and IND degradation in liquid medium after 2, 4, 6, 8 and 10 days of incubation 

were shown in Figure 5.3 B. The effect of pH on PAHs biodegradation by A. terricola was 

shown in Figure 5.3C. The maximum degradation of BAA was attained at pH 6.0 (96.04%), 

while for DBA and IND at pH 6.5 (90.16% and 93.8% respectively). The degradation 

efficiency has reduced drastically at acidic (pH < 5) and at alkaline (pH >7.5) conditions 

and a minimum degradation of 65% was observed for all PAHs within the pH range 5.5 - 

7.5. 
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Figure 5.3: (A and B) Comparison of growth pattern (biomass) and degradation of PAHs: 

BAA, DBA, IND by Aspergillus terricola during 10 days of incubation. (C) Role of pH on 

biodegradation of PAHs: BAA, DBA and IND biodegradation for 10 days. Error bars 

indicate Mean ± SD (n = 3)  

 

The biodegradation of PAHs in liquid medium by A. terricola americanus were evaluated 

by HPLC over the period of 10 days. (Figure 5.4). The biodegradation efficiency of PAHs 

(DBA, BAA, IND) when added individually as a single substrate in the liquid medium 

(60mg/L) was 90.16%, 94.8% and 93.8% respectively.  Furthermore, to understand the PAH 

tolerance threshold of A. terricola, bioremediation was studied at different concentrations of 

PAHs. Despite the increasing concentrations of PAHs ranging from 15-60 mg/L, the 

degradation efficiency increased. 
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Figure. 5.4: HPLC degradation Profiles- Chromatogram representing day wise degradation 

of 60 mg/L of carcinogenic PAHs (A) BAA (B) DBA and (C) IND cultivated with 

Aspergillus terricola incubated over a period of 10 days. 

 

The fungal growth was measured with an increase in biomass which was represented in the 

Figure 5.5 A. Evidently, at lower PAHs mixture concentration of 45mg/L (Figure 5.5 B), 

the removal efficiency was highest for BAA (95.4%), followed by IND (93.3%) and DBA 

(85.6%). Whereas, there was a decline in the degradation rate of BAA (85.6%), DBA 

(80.9%) and IND (79.7%) as shown in Figure 5.5 C with mixtures of PAHs at a final 

concentration of 90 mg/L (individual PAH concentration-30mg/L). This shows that the 

PAHs were degraded concomitantly in the liquid medium by A. terricola cultures with no 

major variation in the rates of degradation up to 60mg/L concentrations.  

 



102 
 

 
 

 

Figure. 5.5: (A) Represents the growth pattern (biomass) (B and C) Individual degradation 

percentages of BAA ( ), DBA ( ) and IND ( ) in a mix of 45mg/L and 90mg/L by 

Aspergillus terricola culture for 10 days of incubation. All the data indicates Mean ± SD (n 

= 3). 

 

When compared with previous studies, where T. Cajthaml, P. Erbanová [360] showed only 

70% degradation of BAA (25 mg/L) by ligninolytic fungus Irpex lacteus 617/93 in 14 days 

and Y.-R. Wu, Z.-H. Luo [251] showed a maximum of 60% removal of 20 mg/L BAA by 

F.solani MBS1 in 40 days . In the current study, the individual degradation rates of BAA, 

DBA and IND was > 90 % in 10 days with PAH (60mg/L) as sole carbon source using the 

pure culture of Aspergillus terricola var americanus. Besides, all the earlier studies reported 

PAHs removal with additional energy resources for cometabolism with relatively lower 

degradation rates [246, 275]. 
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In the present study during degradation, microbial interactions changed with the type of 

PAH compound and their complexity with respect to number of rings available for 

degradation. This was evident from the above mentioned results that B+F consortium 

showed maximum degradation which followed the order of PHE > PAH’s mix > CHY > 

BkF > BaP > FLU > BaP whereas only fungal strain Aspergillus terricola var americans 

showed a good degradation of about 95% for BAA, DBA and IND. In this study, 

biodegradation experiments were carried out at different substrate concentrations for LMW 

and HMW PAHs due to the complexity in PAH structure and toxicity to the consortium. 

Hence, by using consortium combinations, degradation rate was enhanced eventually 

leading to fruitful results. Further, exploring the metabolites of PAHs by GC-MS analysis 

will help in understanding the pathways employed in biodegradation.  

 

5.3.2 GC-MS Analysis: Metabolite profiling and mechanistic approach 

The metabolites formed during the degradation of PAHs were analyzed on the 5
th

 day of 

incubation using GC-MS. Amongst the detected compounds, a mixture of alkanes, alkenes, 

amines, aromatic compounds, ketones, alcohols, fatty/carboxylic acids and epoxy 

derivatives of PAHs were noted. The presence of epoxy derivatives in the medium, 2,6 

Tridecadienoicacid, 10,11 epoxy 7ethyl 3,11, dimethyl, methyl ester (E, E) cis- (PHE),  and 

Trichothec9en8one, 12, 13 epoxy 3a, 4a, 7a, 15 tetrahydroxy, (PYR, FLU) elucidates the 

initiation of the PAHs oxidation to epoxide (arene oxide) mediated by the cytochrome P450 

monooxygenase of the consortium (Table 5.6 A). The oxidation of PAHs to epoxides, 

Phenanthrene to Phenanthrene 1,2-epoxide, Phenanthrene 3,4-epoxide and  Phenanthrene 

9,10-epoxide, Pyrene to Pyrene 1,2 and 4,5- epoxide by various fungi is reported [246].  

 

Besides,   Phenol, 2,4 bis (1,1 dimethyl ethyl) (Rt-7.08) (PHE, PYR, FLU and CHY) and 

Phenol (Rt- 2.9 with CHY) (Table 5.6 A) metabolites occurance during PAHs degradation 

indicates the successive conversion of epoxides nonenzymatically. Phenol, 2,4 bis(1,1-

dimethylethyl) was also observed as a metabolite during the degradation of naphthalene by 

Streptomyces and PAHs by Acinetobacter species. [361, 362]  
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Further, the phenols were converted to conjugates of sulfates di-tert-dodecyldisulfide (Rt- 

6.86), ditert-hexadecane thiol (Rt-7.31) (PYR) Dimethyl Sulfone (Rt-2.62), Thiophene, 

3(1,1dimethylethyl) (Rt-4.87) and methoxyls 2
1
,6

1
-dimethoxy Acetophenone (Rt-3.58), 

Phenol, 3,5dimethoxy (Rt-15.86) infers the transformation of phenols. Even though, trans-

dihydrodiols were absent (n)-Hydroxy metabolites were observed during degradation on the 

5
th

 day that are successively converted to diones and to quinones (Table 5.6 A). 9,10 

Anthracenedione 1(methyl amino) 4[(4 methyl phenyl) amino] of Rt-5.25 (Table 5.6 A) was 

observed during the degradation of PHE and PYR which correlated with the previous 

studies [251, 363] in the degradation of complex hydrocarbons in spent engine oil by 

bacterial consortium isolated from deep sea sediments. Other major metabolites identified 

were quinones which confirms the involvement of fungal extracellular ligninolytic enzymes 

specifically lignin peroxidase and laccases which oxidizes PAHs to quinones, with 

subsequent ring cleavage to produce phthalic acids and eventually to CO2 [38]. Previous 

studies reported 9,10-phenanthrene quinone, anthraquinone and chrysene quinone as GC-

MS metabolites during the degradation of PHE, Anthracene (ANT), CHY by fungal species 

like Polyporus, Aspergillus fumigatus, Armillaria and Fusarium.[251, 274, 364, 365] In the 

present study, tert-butyl-p-benzoquinone (Rt-4.55), hyroquinone, 2,5-di-tert-butyl p-quinone 

(Rt- 6.63), p-benzoquinone 2,5-bis (1,1,3,3 tetramethyl butyl) (Rt- 15.43) and 2,6-di-tert-

butyl (Rt- 16.87) were noticed (Table 5.6 A). 

 

Presence of carboxylic acids 2-Naphthalene carboxylicacid 4,4'methylenebis[3methoxy]- 

(Rt- 8.66) and Phenanthro[3,4d]1,3dioxole5carboxylicacid, 8methoxy6nitro (Rt- 17.37) 

(Table 5.6 A) during the degradation of PYR and FLU correlated with earlier reports [80, 

359] where Naphthalene 1,8 dicarboxylic acid, 2-(2-carboxy-vinyl)-naphthalene-1-

carboxylic acid, naphthalene-1,2-dicarboxylic acids were reported during the degradation of 

FLU and PHE. The occurrence of naphthalene carboxylic derivatives denotes the 

degradation and utilization of these PAHs. 
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Figure 5.6: GC-MS chromatogram of PHE 

Table 5.2: Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of PHE by the microbial consortium  

 

Metabolite Structure RT 

(min) 

Mol wt m/z 

fragment 

ion 

4-Chlorobutyrophenone 

 

3.52 182 

C10H11ClO 

105 (100), 77 

(61), 120 

(24), 51 

(13.86) 

Valerophenone 

 

3.62 162 

C11H14O 

105 (100), 77 

(61.4), 120 

(29.84), 51 

(14.17) 

Tert-Butyl,p-benzoquinone 

 

4.55 164 

C10H12O2 

149 (100), 

121 (99.66), 

93 (57), 91 

(56.75) 
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9,10Anthracenedione, 

1(methylamino)4[(4methylphenyl) 

amino] 

 

5.25 342 

C22H18N2O2 

341 (100), 73 

(69), 342 

(45.6), 325 

(43.3) 

Phenol, 2,4bis(1,1dimethylethyl)- 

 

6.88 206 

C14H22O 

191 (100), 57 

(34.57), 71 

(19.28), 206 

(17.72) 

Phenol, 2,4bis(1,1dimethylethyl) 

 

7.10 206 

C14H22O 

191 (100), 

206 (41.89), 

192 (31), 57 

(30.94) 

2,6Tridecadienoic 

acid,10,11epoxy7ethyl3,11dimethyl, 

methyl ester, (E,E)cis-  

9.75 294 

C18H30O3 

57 (100), 95 

(78.28), 107 

(69.59), 41 

(61.57) 

Pregn4en3one, 20áhydroxy 

 

10.67 316 

C12H32O2 

230 (100), 57 

(74.84), 71 

(64.41), 43 

(51.5) 

Anthracene 

 

11.87 178 

C14H10 

178 (100), 

176 (27.17), 

152 (18), 71 

(16.09) 

Phthalic acid, butyl 2ethylhexyl 

ester 

 

14.15 

 

334 

C20H30O4 

149 (100), 57 

(16.6), 150 

(10.11), 44 

(8.1) 

Phenol, 3,5dimethoxy 

 

15.86 154 

C8H10O3 

154 (100) 70 

(54.45) 86 

(18.31) 125 

(12.77) 
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Figure 5.7 GC-MS chromatogram of PYR 

Table 5.3: Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of PYR by the microbial consortium  

Metabolite RT 

(min) 

Mol wt Structure m/z fragment ion 

4-Chlorobutyrophenone 3.54 182 

C10H11ClO 
 

105 (100), 77 (68.71), 

43 (23.36), 41 (36) 

Valerophenone  3.61 162 

C11H14O 

 

105 (100), 77 (74.16), 

120 (36), 51 (17) 

Tert-butyl-p-benzoquinone 4.54 164 

C10H12O2 

 

149 (100), 121 (94.58), 

77 (52.28), 93 (53) 

9,10- Anthracenedione, 

1(methylamino)4[(4methylphe 

nyl) amino  

5.24 342 

C22H18N2O2 

 

341 (100), 73 (76), 342 

(59), 325 (56.3) 
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Phenol,2,4-bis (1,1-

dimethylethyl)- 

 

7.02 

 

206 

C14H22O 

 

191(100), 57 (33), 43 

(15), 71 (14) 

 

2-Naphthalene carboxylicacid 

4,4'methylenebis[3methoxy- 

8.66 416 

C25H20O6 

 

57 (100), 44 (74.22), 43 

(70.3), 41 (53.3) 

Pregn-4-ene,21carboxylicacid, 

17hydroxy3oxo,ç-

lactone,(17à)- 

 

10.65 342 

C22H30O3 

  

230 (100), 57 (71.03), 

44 (62.52), 71 (61.07) 

Phthalicacid, butyl 2-ethyl 

hexyl ester (0.13%) 

14.12 334 

C20H30O4 

 

149 (100), 57 (17.28), 

44 (13), 150 (10) 

Hydroquinone, 2,6-di-tert-

butyl (0.39%) 

16.87 222 

C14H22O2 

 

207 (100), 57 (68.52), 

71 (51), 85  (45.24) 

L-Ascorbicacid, 6-stearate 37.20 442 

C24H42O7 
 

207 (100), 281 (54.56), 

44(38.7), 73 (39.11) 

Naphtho[2,3c]furan1(3H)one,3

aà,4,9,9aátetrahydro6hydroxy4

à(4hydroxy3methoxyphenyl)7

methoxy  

4.03 356 

C20H20O6 

 

73 (100), 267 (97.5), 

355 (79.28), 356 (27) 

10àHAmbros11(13)en12oic 

acid, 3à,4à,6átrihydroxy, 

çlactone 

9.73 266 

C15H22O4 

 

57 (100), 95 (76.5), 107 

(68), 44 (69) 

Estr4en3one,17hydroxy7,17di

methyl,(7à,17á) 

14.49 302 

C20H30O2 

 

57 (100), 269 (91.64), 

44 (45), 191 (47) 

Trichothec9en8one,12,13epox

y3à,4á,7à,15tetrahydroxy 

15.60 312 

C15H20O7 

 

57 (100), 71 (75.24), 

205 (75.62), 85 (67.16) 
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Figure 5.8: GC-MS chromatogram of fluoranthene (FLU) 

 

Table 5.4 Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of FLU by the microbial consortium  

Metabolite Structure RT 

(min) 

Mol wt m/z fragment ion 

4-Chlorobutyrophenone 

 

3.62 182 

C10H11ClO 

105 (100), 77 

(62.41), 120 (25.6), 

51 (14.6) 

tertButylpbenzoquinone 

 

4.55 164 

C10H12O2 

149 (100), 121 (96), 

93 (54), 77 (53) 

Benzoic acid, 5( 

2,4dichlorophenoxy) 

2nitro,methyl ester 

 

5.25 341 

C14H9Cl2N

O5 

341 (100) 73 (58.4), 

325 (31.33), 342 

(32) 

Phenol, 2,4bis( 

1,1dimethylethyl)- 

 

 

7.09 

206 

C14H22O 

191 (100), 57 (33), 

206 (17.7), 43 

(15.64) 



110 
 

 
 

2Naphthalenecarboxylic 

acid,4,4'methylenebis[ 

3methoxy 

 

8.66 416 

C25H20O6 

57 (100), 44 (86), 43 

(69), 41 (58.47) 

10àHAmbros11(13)en12oic 

acid, 3à,4à,6átrihydroxy, 

çlactone 

 

9.74 266 

C15H22O4 

57 (100), 44 (86.4), 

41 (76), 95 (75.2) 

Phthalic acid, butyl octyl 

ester 
 

14.13 334 

C20H30O4 

149 (100), 57 

(17.47),44 (16.25), 

41 (8.11) 

Estr4en3one, 

17hydroxy7,17dimethyl, 

(7à,17á) 

 

14.50 302 

C20H30O2 

57 (100), 269 (89), 

44 (55.24), 191 

(43.83) 

Trichothec9en8one, 

12,13epoxy3,4,7,15tetrahyd

roxy,(3à,4á,7à) 

 

15.60 312 

C15H20O7 

57 (100), 71 (79.58), 

85 (71.86), 205 

(74.1),  

Hydroquinone, 

2,6ditertbutyl 

 

16.87 222 

C14H22O2 

207 (100), 57 (62.7), 

71 (43), 85 (38.2) 

Phenanthro[3,4d]1,3dioxole

5carboxylic 

acid, 8methoxy6nitro 

(Aristolochic acid)  

17.37 341 

C17H11NO

7 

281 (100), 147 

(60.7), 73 (85.64), 

71 (57.61) 

Benzo[a]heptalen9( 

5H)one,6,7dihydro1,2,3,10t

etramethoxy7(methylamino

), (S) 
 

40.58 371 

C21H25NO

5 

207 (100), 281 (46), 

73 (30), 253 (26.76) 
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Figure 5.9 GC-MS chromatogram of Chrysene (CHY) 

Table 5.5: Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of Chrysene by the microbial consortium  

Metabolite RT 

(min) 

Mol wt Structure m/z fragment ion 

Phenol 

2.9 94 

C6H6O 

 

93.91(100), 66(47.81), 65 

(27.80), 50.98 (5.85) 

2
1
,6

1
-dimethoxy Acetophenone 

3.58 180 

C10H12O3 

 

165 (100), 76.93 (53.07), 

104.9 (51.58), 43.06 

(30.71) 

t-butyl hydroquinone 

4.51 166 

C10H14O2 

 

122.92(100), 150.92 

(71.12), 76.93 (49.70), 

120.94 (45.08) 

Ethanone, 1(4methyl2thienyl)- 

4.83 140 

C7H8O6 
 

124.92(100), 43.06 

(61.34), 58 (34.54), 140 

(29.73) 

Salicylic acid, 3fluoro 

4.96 156 

C7H5FO3 

 

156 (100), 85 (92), 43 

(69.4), 42 (69.2) 
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2,5-di-tert-butyl-p-quinone 

6.63 220 

C14H20O2 

 

177 (100), 57 (97.20), 207 

(76), 135 (67.33) 

Phenol,2,4-bis (1,1-

dimethylethyl)- 

 

7.02 

 

206 

C14H22O 

 

191(100), 57 (97.20), 207 

(76), 135 (67.33) 

 

Cyclopropane carboxylic acid, 

2,2-dimethyl-3-(2-methyl-1-

propenyl)-methyl ester 

8.58 182 

C11H18O2 

 

56.96 (100),139 (73.5), 

137 (64.09), 44.08 (57.87) 

1,2Benzenedicarboxylicacid, 

diisobutyl ester 

14.17 278 

C16H22O4 

 

149 (100), 57 (18.17), 

40.94 (6.49), 150 (9.55) 

2,4- dimethoxy cinnamic acid 
16.93 208 

C11H12O4 
 

56.95 (100), 69(77.83), 

208 (32), 91(23.5) 

1,6- dioxacyclodecane-7,12-

dione 

7.73 200 

C10H16O4 

 

55 (100), 54 (70.3), 99.83 

(43.12), 83.23 (34.20) 

1,2- decanediol 
6.07 174 

C10H22O2  

69 (100), 55 (58.88), 83 

(47.78), 41 (36.02) 

1,2-octadecanediol 
11.85 286 

C18H38O2 

 57(100), 55(86.24), 70 

(78.88), 82.82 (29.56) 

Aceticacid, trifluoro-3,7-

dimethyloctyl ester 

10.71 254 

C12H21F3O

2 

 

43.06 (100), 68.79 (62.64), 

57 (44.3), 81.20 (42.20) 

Aceticacid, phenyl-benzyl ester 

23.03 160 

C15H14O2 
 

91 (100), 255 (9.24), 104 

(6.95), 68.9 (7.38) 

Triacetin (1,2,3-propanetriol, 

triacetate) 

5.35 218 

C9H14O6 

 

43 (100), 103 (23.28), 41 

(36.92), 145 (16.35) 

2Buten1one,1(2,6,6trimethyl1c

yclohexen1yl) 

8.95 192 

C13H20O 
 

57 (100), 165 (67), 41 (80), 

67 (50.78) 

pBenzoquinone, 

2,5bis(1,1,3,3tetramethylbutyl) 

15.43 332 

C22H36O2 

 

57 (100), 205 (58), 175 

(40), 71 (25.76) 
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Table 5.6: (A) GC-Mass spectral analysis of each PAH (PHE, PYR, FLU and CHY) 

metabolites detected during degradation by microbial consortium in 5
th

day of the 

experimentation. 

Type of 

Metabolite 
PHE RT PYR RT FLU RT CHY RT 

Epoxy 

derivatives 

2,6Tridecadien

oicacid,10,11e

poxy7ethyl3,1

1dimethyl,met

hyl ester, 

(E,E)cis- 

9.75 Trichothec9en8o

ne,12,13epoxy3à,

4á,7à,15tetrahydr

oxy 

15.60 Trichothec9en8on

e, 

12,13epoxy3,4,7,

15tetrahydroxy,(3

à,4á,7à) 

15.60   

   Octadecanoic 

acid, 

9,10epoxy,methy

l ester 

22.22     

Aromatic 

organic 

compounds 

tertButylpbenz

oquinone 

4.55 Tert-butyl-p-

benzoquinone 

4.54 Tert 

Butylpbenzoquin

one 

4.55 Phenol  2.9 

 Phenol, 

2,4bis(1,1dime

thylethyl) 

7.10 Phenol, 

2,4bis(1,1dimeth

ylethyl)- 

7.08 Benzoic acid, 

5(2,4dichlorophe

noxy)2nitro,meth

yl ester 

5.25 t-butyl 

hydroquino

ne  

4.51 

   2-Naphthalene 

carboxylicacid 

4,4'methylenebis[

3methoxy- 

8.66 Phenol, 2,4bis( 

1,1dimethylethyl)

- 

7.09 Salicylic 

acid, 

3fluoro 

4.96 

 Anthracene 11.87 Hydroquinone, 

2,6-di-tert-butyl  

16.87 2Naphthalenecarb

oxylicacid,4,4'met

hylenebis[3metho

xy] 

8.66 2,5-di-tert-

butyl-p-

quinone 

6.63 

     Hydroquinone, 

2,6ditertbutyl 

16.87 Phenol,2,4-

bis (1,1-

dimethylet

hyl)- 

 

7.02 

     Phenanthro[3,4d] 17.37 Cycloprop 8.58 
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1,3dioxole5carbo

xylic 

acid, 

8methoxy6nitro 

(Aristolochic 

acid) 

 ane 

carboxylic 

acid, 2,2-

dimethyl-

3-(2-

methyl-1-

propenyl)-

methyl 

ester 

     Benzo[a]heptalen

9( 

5H)one,6,7dihydr

o1,2,3,10tetramet

hoxy7(methylami

no),(S) 

40.58 pBenzoqui

none, 

2,5bis(1,1,

3,3tetramet

hylbutyl) 

15.43 

Ketone 

deivatives 

4Chlorobutyro

phenone 

3.52 4-

Chlorobutyrophe

none 

3.54 4Chlorobutyrophe

none 

3.62 Ethanone, 

1(4methyl2

thienyl)- 

4.83 

 Valerophenone 3.62 Valerophenone   3.61   1,6- 

dioxacyclo

decane-

7,12-dione 

7.73 

 9,10Anthracen

edione, 

1(methylamino

)4[(4methylphe

nyl)amino] 

5.25 9,10Anthracenedi

one, 

1(methylamino)4

[(4methylphenyl)

amino] 

5.25   2Buten1on

e,1(2,6,6tri

methyl1cy

clohexen1y

l) 

8.95 

Methoxyls/ 

Ethers 

Phenol, 

3,5dimethoxy 

15.86     2
1
,6

1
-

dimethoxy 

Acetophen

one 

3.58 

       2,4- 

dimethoxy 

cinnamic 

acid 

 

16.93 
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Diol/Triol / 

Hydroxy 

derivatives 

Pregn4en3one, 

20áhydroxy 

10.67 Pregn-4-

ene,21carboxylic

acid, 

17hydroxy3oxo,ç

-lactone,(17à)- 

 

10.65 10àHAmbros11(1

3)en12oic acid, 

3à,4à,6átrihydrox

y, 

çlactone 

9.74 1,2- 

decanediol  

6.07 

   Naphtho[2,3c]fur

an1(3H)one,3aà,4

,9,9aátetrahydro6

hydroxy4à(4hydr

oxy3methoxyphe

nyl)7methoxy  

4.03 Estr4en3one, 

17hydroxy7,17di

methyl,(7à,17á) 

14.50 1,2-

octadecane

diol 

11.85 

   10àHAmbros11(

13)en12oicacid,3

à,4à,6átrihydroxy

, çlactone 

9.73   Triacetin 

(1,2,3-

propanetrio

l, 

triacetate) 

5.35 

   Estr4en3one,17h

ydroxy7,17dimet

hyl,(7à,17á) 

14.49     

Sulfates   di-tert-

hexadecanethiol 

7.31 Dimethyl Sulfone 2.62   

   di-tert-

dodecyldisulfide 

6.86 Thiophene, 

3(1,1dimethyleth

yl) 

4.87   

TCA cycle 

intermediates 

  L-Ascorbicacid, 

6-stearate 

37.20   Aceticacid, 

trifluoro-

3,7-

dimethyloc

tyl ester 

10.71 

       Aceticacid, 

phenyl-

benzyl 

ester  

23.03 
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Table 5.6 (B): GC-MS Metabolites of each PAH in 5
th

 day of the experimentation 

Type of 

Metabolite 
PHE RT PYR RT FLU RT CHY RT 

Alkane 

derivatives 

cyclododecane 4.38 Cyclododecane  4.38 cyclododecane 4.39 Cyclohexadecane  5.85 

 Octadecane, 

3ethyl5( 

2ethylbutyl) 

 

11.29 Octadecane, 

3ethyl-5-

(2ethylbutyl) 

10.35 Octadecane, 

3ethyl5(2 

ethylbutyl) 

11.28 Propane, 1,2-

dimethoxy 

3.13 

 hexadecane 8.21 Cyclohexadecan

e  

8.09 Hexadecane 8.20 Cyclopentane, 

1ethyl-1-methyl 

8.14 

   Hexadecane 8.19 n-Eicosane 12.28 Cyclohexane, 1,4-

didecyl 

12.1

5 

   Eicosane  12.27 

 

  Cyclohexane,1,1-

dimethylpropyl- 

12.7

9 

       Cyclohexane, 1,11 

dodecylidene bis  

(4-methyl) 

17.3

6 

       Heptane, 3ethyl-

3methyl 

3.42 

       Dodecane,2,6,10-

trimethyl  

3.73 

       Heneicosane, 11-

(1ethylpropyl)- 

7.87 

       Hexadecane  8.33 

       Pentadecane 10.3

7 

       Heptadecane-

9hexyl 

11.3

2 

       Eicosane  18.6

2 

       9octyl heptadecane  25.9

7 

       Tetracosane, 11-

decyl 

31.5

3 

       Hexadecane, 

8hexyl-8-pentyl 

37.2

3 

       Dodecane,1cyclop

entyl4(3cyclopenty

18.2

2 
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lpropyl) 

       Cyclohexane, 1,11- 

(2methyl-1,3 

propanediyl)  

31.2

9 

Alkene 

Derivatives 

17Pentatriacontene 10.10 2-decene (Z)  3.02 17Pentatriaconten

e 

10.47 1-decene 3.01 

   17-

pentatriacontene  

10.46   1pentene, 4,4-

dimethyl 

3.24 

       1Hexene, 2,3-

dimethyl 

18.6

2 

Fatty acid 

Derivatives 

Hexadecanoic acid, 

methyl ester  

15.69 2-

Bromotetradeca

noic acid 

16.07 5,8,11,14Icosatetr

aynoic acid 

15.48 Octanoicacid  4.13 

 Oleicacid methyl 

ester 

21.32 9,12,15-

Octadecatrienoi

cacid  

21.08 2Bromotetradeca

noic acid 

16.07 n-decanoic acid  5.54 

 9,12,15Octadecatrie

noic 

Acid, 

2,3dihydroxypropyl 

ester, (Z,Z,Z)-  

23.74 Oleic acid 

methyl ester  

21.28 9,12,15Octadecatr

ienoic 

Acid,2,3dihydrox

ypropyester, 

(Z,Z,Z)-  

3.38 Dodecanoic acid  7.62 

Alcohol 

Derivatives 

n-pentadecanol 5.84 n-pentadecanol 5.84 n-pentadecanol 5.84 1-undecanol 4.37 

nHeptadecanol1 8.10 n-nonadecanol 12.12 n-nonadecanol 12.13 1-Hexadecanol 8.22 

 n-Nonadecanol-1 12.15 n-Tetracosanol 17.74 n-Tetracosanol 17.74 1Hexanol,5methyl

2(1methylethyl) 

11.9

4 

 n-Tetracosanol-1 17.76 1-Heptacosanol 34.90 1-Heptacosanol 34.88 n-Nonadecanol 12.4

8 

   2Octadecoxyeth

anol 

7.77 2Octadecoxyetha

nol 

7.77 n-Tetracosanol-1 18.4

0 

       1-Heptacosanol 35.4

3 

 

       2butyl 1-octanol 5.67 

       1-Hexanol 

5methyl2(1methyl

ethyl) 

11.9

4 

       1Docosanol, 

acetate 

15.6

2 
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On the other hand, bacterial dioxygenases can convert PAHs to cis-dihyrodiols and further 

to catechol by dehrogenases. Phenols can also be oxidized aerobically by bacteria to 

catechol by monooxygenase and catechol subsequently undergoes otho or meta ring 

cleavage and finally produces succinate, Acetyl CoA or Acetaldehyde and Pyruvate [61]. 

Salicylic acid, 3-fluoro (Rt- 4.96) and catechol (Rt-4.51) was observed (Table 5.6 A) during 

the degradation of CHY which is in correlation with the studies of Nayak AS et.al., 

2011.[366] 

PAHs are converted into products like simple hydrocarbon alkanes, alkenes, cycloalkanes 

(Table 5.6 B) which undergoes terminal and subterminal oxidation to produce alcohols, 

fatty acids which are further mineralized by β oxidation pathway [362] . The accumulation 

of alkanes (propane-Tetracoane), alkenes- 1-decene (Rt- 3.01), 2-decene (Rt- 3.02) and 17-

Pentatricontene (Rt- 10.46) (Table 5.6 B) and culture medium indicates the breakdown of 

PAHs into simple hydrocarbons as there were none present in the controls. Also, the 

presence of fatty/dicarboxylic acids, alcohols reported earlier as intermediates in alkane 

degradation indicates utilization of the PAH compounds [367, 368]. Fattyacids like 

bromotetradecanoic acid (Rt-16.07), octanoic acid (Rt-4.13), dodecanoic acid (Rt- 7.62), 

hexadecanoic acid (Rt- 15.69), oleicacid methyl ester (Rt- 21.28), 9,12,15-octadecanoic acid 

(Rt- 23.73and 3.38) and 5,8,11,14-Icosatetraynoic acid (Rt- 15.48) simple ketone 

derivatives 4chlorobutyrophenone (Rt-3.52), Valerophenone (Rt- 3.62) and Ethanone, 

1(4methyl2thienyl)- (Rt- 4.83) fatty alcohols (n-pentadecanol- n-Heneicosonal) were also 

detected during degradation (Table 5.6 B). Moreover, the detection of acetic acid, trifluoro-

3,7-dimethyloctyl ester, phenyl-benzyl ester and  L-Ascorbicacid, 6-stearate (Rt’s- 10.71, 

23.03 and 37.20) the intermediate of TCA cycle, indicates the complete utilization of PAHs. 
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Figure 5.10: GC-MS Chromatogram of Benzo (a) pyrene (BaP) 

 

Table 5.7: Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of Benzo (a) pyrene by the microbial consortium  

Metabolite RT 

(min) 

Mol wt Structure m/z fragment ion 

Acetophenone   3.58 120  

C8H8O 

 

105 (100), 77 (92.84), 

51 (30), 120 (27) 

p-tert-butyl catechol 4.52 166 

C10H14O2 

 

123 (100), 151 

(72.66), 77 (48), 121 

(44) 

 Formic acid, isopropyl ester  5.04 88 

C4H8O2 

 

45 (100), 73 (63.2), 

42 (38.42), 43 (36),  

Acetoaceticacid, sec-butyl 

ester  

5.24 158 

C8H14O3 
 

43 (100), 85 (30.23), 

103 (17.18),  

1,2-decanediol 6.08 174 

C10H22O2 
 69 (100), 55 (67.13), 

83 (55), 43 (59) 

2,5-di-tert-butyl-1,4-

benzoquinone 

6.64 220 

C14H20O2 

 

177 (100), 207 (88.6), 

57 (67.4), 41(55.5) 



120 
 

 
 

Phenol,2,4-bis (1,1-

dimethylethyl)- 

 

7.03 

 

206 

C14H22O 

 

191(100), 57 (22), 

206 (16.73), 192 

(13.51) 

 

Curidone (6,10-dimethyl-3-

(1methylethyl)-

6cyclododecene-1,4dione) 

8.97 236 

C15H24O2 
 

43 (100), 41 (97.52), 

56.89(89.62), 166 

(61.83) 

1,3-butanedione, 1-(2,6,6-

trimethyl-1-cyclohexen-1-yl) 

9.58 208 

C13H20O2 
 

67 (100), 95 (76.85), 

107 (97), 151 (62.31) 

1,2-octadecanediol 12.38 286 

C18H38O2 
 55 (100), 97 (61), 43 

(97.47), 69 (59.7) 

Propane, 1,2epoxy3( 

Hexadecyloxy) 

13.36 298 

C19H38O2 
 

43 (100), 69 (65.87), 

83 (53.57), 58 (36.11) 

2',3,'4 Trimethoxy 

acetophenone 

13.99 210 

C11H14O4 

 

43 (100), 152 (26), 

181 (26.64), 195 

(21.81) 

Naphthalene, 2-

decyldecahydro 

19.32 278 

C20H38 
 

40.86 (100), 43 

(84.72), 81 (52.8), 71 

(16) 

3,9-ditert-butyl Phenanthrene 17.42 290 

C22H26 

 

275 (100), 43 (93.48), 

57 (52.63), 290 

(22.25) 

Phenol, 4,4'-

(1methylethylidene) bis (2,6-

dimethyl) 

14.42 284 

C19H24O2 

 

269 (100), 191(47), 

175 (35), 149 (30.57) 

3,4,5Trimethoxybenzoicacid 

hydrazide 

15.10 226 

C10H14N2

O4 
 

169 (100), 195 

(84.11), 58 (84), 225 

(68) 

P-Benzoquinone, 2,5-bis 

(1,1,3,3-tetra methyl butyl)- 

(1.20%) 

15.47 332 

C22H36O2 
 

205 (100), 175 (68), 

57 (74), 177 (54)  

1,2-Benzenediol, 3,5-bis(1,1-

dimethylethyl)- 

16.97 222 

C14H22O2 

 

207 (100), 69 (42), 57 

(38.5), 275 (37) 

Formic acid, chloro-

isopropyl ester 

33.16 122 

C4H7ClO2 

 107 (100), 43 (53.37), 

96 (34.87), 71 (29) 
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Figure 5.11: GC-MS Chromatogram of Benzo (k) fluoranthene (BkF) 

Table 5.8 Retention data and electron impact mass characteristics of metabolites found in 

the biodegradation of Benzo (k) fluoranthene by the microbial consortium  

Metabolite RT 

(min) 

Mol wt Structure m/z fragment ion 

Acetophenone  3.58 120  

C8H8O 
 

105 (100), 77 (87.44), 

165 (33), 50.1 (32.62) 

Aceticacid, trifluoro-

dodecyl ester 

4.38 282 

C14H25F3O2 

 83.09 (100), 55 

(95.51), 69 (89.48), 56 

(86) 

p-tert-butyl catechol 4.52 166 

C10H14O2 

 

123 (100), 151 

(81.55), 41 (75), 93.13 

(42.33) 

Ethanone, 1-(4methyl-2-

thienyl) 

4.84 140 

 

125 (100), 140 (34), 

58 (30.03), 57 (21.45) 

Salicylic acid, 3-fluoro 

 

4.97 

 

156 

C7H5FO3 

 

156 (100), 138 

(63.31), 80 (41), 110 

(36) 
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2Propanone,1(1,3dioxola

n2yl) (1(1,3Dioxolan2yl) 

acetone) 

5.04 130 

C6H10O3 
 

43 (100), 73 (64), 57 

(60), 45 (63) 

2Hydroxy2methylsuccini

c acid 

5.25 148 

C5H8O5 
 

43 (100), 85 (18.13), 

45 (13.57), 42 (12.5) 

2,5-di-tert-butyl-1,4-

benzoquinone 

6.64 220 

C14H20O2 

 

177 (100), 207 (85.5), 

135 (56.23), 57 

(76.45) 

Phenol,2,4-bis (1,1-

dimethylethyl)- 

 

7.03 

 

206 

C14H22O 

 

191(100), 206 (16.7), 

57 (21.65), 192 (13.3) 

 

Oxirane,[(dodecyloxy)me

thyl] (Propane, 

1(dodecyloxy)2,3epoxy-) 

13.11 242 

C15H30O2 
 

96.7 (100), 57 (96), 55 

(86.5), 69 (60.22) 

Phenol, 4,4'-

(1methylethylidene) bis 

(2,6-dimethyl) 

14.40 284 

C19H24O2 

 

269 (100), 57 (60), 

191 (36.6), 175 (30.6) 

Phenol, 2,4bis( 

1,1dimethylethyl) 

5methyl- (1.25%) 

15.46 220 

C15H24O 

 

205 (100), 175 (60), 

189 (58.76), 217 

(54.22) 

Acetic acid, n-octadecyl 

ester 

15.64 312 

C20H40O2 

 83 (100), 81.76 

(85.13), 69 (84.65), 43 

(83.85) 

Benzyl alcohol, 

4,5dibenzyloxy- 

23.06 320 

C21H20O3 

 

91 (100), 255 (11.43), 

92 (10.49), 78 (9.75) 

1,2-Benzenediol, 3,5-

bis(1,1-dimethylethyl)- 

38.98 222 

C14H22O2 

 

207 (100), 42 (42.42), 

45 (22.4), 252 (12.3) 

Cedryl propyl ether 8.97 264 

C18H32O 
 

151 (100), 165 (98), 

57 (75), 67 (62) 
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Table 5.9: GC-MS Metabolites of each PAH (BaP and BkF) in 5
th

 day of the 

experimentation 

Type of 

Metabolite 

BaP RT BkF RT 

Epoxy 

derivatives 

Oxirane [(hexadecyloxy)methyl]- 

(Propane, 

1,2epoxy3(Hexadecyloxy) 

13.36 Oxirane,[(dodecyloxy)methyl] 

(Propane,1(dodecyloxy)2,3epoxy-

) 

13.11 

Aromatic 

organic 

compounds 

t-butyl hydroquinone/ p-tert-butyl 

catechol 

4.52 t-butyl hydroquinone/ p-tert-butyl 

catechol 

4.52 

 2,5-di-tert-butyl-1,4-

benzoquinone 

6.64 Salicylic acid, 3-fluoro 

(Benzoic acid, 3fluoro-2-hydroxy) 

4.97 

 

 Phenol,2,4-bis (1,1-

dimethylethyl)- 

7.03 

 

2,5-di-tert-butyl-1,4-

benzoquinone 

6.64 

 Phenol, 4,4'-(1methylethylidene) 

bis (2,6-dimethyl) 

14.42 Phenol,2,4-bis (1,1 

dimethylethyl)- 

7.03 

 P-Benzoquinone, 2,5-bis (1,1,3,3-

tetra methyl butyl)-  

15.47 Phenol, 4,4'-(1methylethylidene) 

bis (2,6-dimethyl) 

14.40 

 3,9-ditert-butyl Phenanthrene 17.42   

Ketone 

deivatives 

Acetophenone  3.58 Acetophenone  3.58 

 Curidone (6,10-dimethyl-3-

(1methylethyl)-6cyclododecene-

1,4dione) 

8.97 Ethanone, 1-(4methyl-2-thienyl) 4.84 

 1,3-butanedione, 1-(2,6,6-

trimethyl-1-cyclohexen-1-yl) 

9.58 2Propanone,1(1,3dioxolan2yl) 

(1(1,3Dioxolan2yl) acetone) 

5.04 

   2-propanone 22.79 

Methoxyls/Ethe

rs 

2',3,'4 Trimethoxy acetophenone 13.99 Cedryl propyl ether 8.97 

 3,4,5Trimethoxybenzoicacid 

hydrazide 

15.10 Benzyl alcohol, 4,5dibenzyloxy- / 

Benzene methanol, 3,4-bis 

(phenyl methoxy)- 

23.06 

   Heptane, 1,1'-oxybis- (bis (1-

heptyl) ether) 

12.81 

 

Diol/Triol 

derivatives 

1,2-decanediol 6.08 1,2-Benzenediol, 3,5-bis(1,1-

dimethylethyl)- 

38.98 
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 1,2-octadecanediol 12.38   

 Naphthalene, 2-decyldecahydro 19.32   

 1,2-Benzenediol, 3,5-bis(1,1 

dimethylethyl)-  

16.97   

Sulfates 1Docosanethiol 25.63 1-Hexadecane sulfonyl chloride 10.73 

TCA cycle 

intermediates 

 Formic acid, isopropyl ester  5.04 Aceticacid, trifluoro-dodecyl ester 4.38 

 Acetoaceticacid, sec-butyl ester  5.24 2Hydroxy2methylsuccinic acid 5.25 

 Formic acid, chloro-isopropyl 

ester 

33.16 Acetic acid, n-octadecyl ester 15.64 

 

(B) Type of 

Metabolite 

BaP RT BkF RT 

Alkane 

derivatives 

Decane, 5ethyl-5methyl- 4.98 Tetradecane  5.92 

 1-Tetradecene  5.86 

5.92 

Hexadecane 8.35 

 n-Hexadecane  8.35 Eicosane, 7hexyl  11.96 

 

 Dodecane,1cyclopentyl4(3cyclopentylp

ropyl) 

10.73 

 

n-Heptadecane 12.68 

 Heptadecane , 9-hexyl 11.48 

 

n-Eicosane  18.66 

 Heneicosane,11-(1ethylpropyl) 11.97 Octadecane-3ethyl-5-

(2ethylbutyl)- 

24.93 

 n-Eicosane  12.69 Cyclohexane, 1,1'-

pentylidenebis (1,1-

Dicyclohexyl pentane) 

25.60 

 Cyclopentane, 1,2,4-trimethyl 12.82   

 Cyclohexane, 1,3,5-trimethyl-2-

octadecyl 

16.08   

 Octadecane, 5,14-dibutyl 16.22   

 Cyclopentane,1,1'[3(2cyclopentylethyl)

1,5pentanediyl]bis 

18.28 

 

  

 Eicosane, 2-cyclohexyl 19.65   

 Pentadecane, 8hexyl 26.04   
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 Dodecane,5,8-diethyl 26.28   

 Hexadecane, 1-iodo 31.59   

 Octadecane, 3ethyl5(2ethylbutyl) 30.94   

Alkene 

Derivatives 

3-Dodecene (z)- 4.38 3Dodecene,(Z)- 4.38 

 17Pentatriacontene 41.88 1 Heptene, 4methyl 31.73 

Fatty acid 

Derivatives 

Dodecanoic acid 7.63 Dodecanoic acid 7.63 

 Tetradecanoic acid  11.57 Tetradecanoic acid  11.56 

 Propanoicacid, 2-methyl, 3hexenyl ester 22.40 n-Hexadecanoic acid  17.26 

 n-Hexadecanoic acid  17.23   

 Octadecanoic acid,phenylmethyl ester  23.10   

 Octadecanoic acid  24.37   

Alcohol 

Derivatives 

1-Heptadecanol 8.23 n-Pentadecanol 5.86 

 n-Nonadecanol 12.51 1-Hexadecanol 8.23 

 1dodecanol,3,7,11-trimethyl 13.12 n-Heptadecanol 12.50 

 n-Tetracosanol-1 25.81 1-Heneicosanol 18.43 

 1-Heptacosanol 35.49 n-Tetracosanol 25.78 

 

 1-Heptadecanol acetate 15.66 n-Heptacosanol 41.83 

 Cyclooctanemethanol 31.35 1-Hexadecanol, acetate 15.64 

   1Cyclopentyl2propen1ol 38.36 

Amine 

Derivatives 

Trans2,5Dimethylpiperazine  30.83 1,2 Ethanediamine, N-methyl 4.09 

Aldehydes Propanal,3(dimethylamino)2,2dimethyl 42.23 Hexanal, 2ethyl 16.96 

 Acetaldehyde 4.09   

 

During  the degradation of BaP and BkF epoxy derivative metabolites like Oxirane 

[(hexadecyloxy)methyl]-(Propane, 1,2epoxy3 (Hexadecyloxy) were observed in the medium 

which elucidates the initiation of the PAHs oxidation to epoxide (arene oxide) mediated by 

the cytochrome P450 monooxygenase of the consortium [246].  

 

 Also, the presence of phenols, Phenol, 2,4 bis (1,1 dimethyl ethyl) (Rt-7.03) and Phenol, 

4,4'-(1methylethylidene) bis (2,6-dimethyl) (Rt- 14.42) (BaP and BkF) as metabolites 
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(Table 5.9) during PAHs degradation indicates the successive conversion of epoxides 

nonenzymatically. Shao.Y and Kumar A.G [361, 362] also observed Phenol, 2,4 bis(1,1-

dimethylethyl) as a metabolite during the degradation of naphthalene by Streptomyces and 

PAHs by Acinetobacter sp. Further the phenols were converted to conjugates of sulfates 1-

Hexadecane sulfonyl chloride (Rt- 10.73) (BkF) and 1Docosanethiol (Rt-25.63) (BaP); 

Methoxyls 2',3,'4 Trimethoxy acetophenone (Rt-13.99) and 3,4,5Trimethoxybenzoicacid 

hydrazide (Rt-15.10) (BaP); Ethers Cedryl propyl ether (Rt-8.97) and Benzyl alcohol, 

4,5dibenzyloxy (Rt- 23.06) (BkF) deduces the transformation of phenols. [246, 354] 

reported the oxidation of Benzo(a) pyrene to benzo[a]pyrenyl sulfate via cytochrome P450 

monooxygenation and sulfate conjugation.  

 

Diols like 1,2-Benzenediol, 3,5-bis (1,1-dimethylethyl) (Rt - 16.97) (BaP and BkF) and (n)-

Hydroxy metabolites Naphthalene,2-decyldecahydro (Rt - 19.32) (BaP) were observed 

during degradation on the 5
th

 day that are successively converted to diones and to quinones 

(Table 5.9). Curidone (6,10-dimethyl-3-(1methylethyl)-6cyclododecene-1,4dione) of Rt - 

8.97, 1,3 butanedione, 1- (2,6,6-trimethyl-1-cyclohexen-1-yl) (Rt - 9.58) (BaP) and 

2Propanone, 1 (1,3dioxolan2yl) (Rt - 5.04), Ethanone, 1-(4methyl-2-thienyl) (Rt - 4.84) 

(BkF) and Acetophenone (Rt - 3.58) (BaP and BkF) was observed during the PAHs 

degradation.  

 

Other major metabolites identified were quinones which confirms the involvement of fungal 

extracellular ligninolytic enzymes specifically lignin peroxidase and laccases which 

oxidizes poly aromatic hydrocarbons to quinones, with subsequent ring cleavage to produce 

phthalic acids and eventually to CO2 [38].  Previous studies reported 1,6 and 3,6 quinones as 

GC-MS metabolites during the degradation of BaP and BkF by fungal species like 

Cunninghamella elegans,Pencillium chrysogenum and Fusarium [246]. In the present study, 

2,5-di-tert-butyl-1,4 benzoquinone (Rt- 6.64) (BaP and BkF), p-benzoquinone 2,5-bis 

(1,1,3,3 tetramethyl butyl) (Rt- 15.47) (BaP) were observed as quinone derivatives during 

the PAHs degradation.  Salicylic acid, 3-fluoro (Rt- 4.97) (BkF) and p-tert-butyl catechol 

(Rt- 4.52) was also observed during the degradation of BaP and BkF signifying the action of 

bacterial dioxygenases and dehydrogenases.  
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The accumulation of alkanes (decane-Heneicosane), alkenes- 3-dodecene (z)-(Rt- 4.38) and 

17-Pentatricontene (Rt- 41.38) (Table 5.9) and cycloalkanes in our culture medium states 

the breakdown of PAHs into simple hydrocarbons as there were none present in the 

controls. Also, the presence of fatty/dicarboxylic acids, alcohols reported earlier as 

intermediates in alkane degradation denotes the utilization of the PAH compounds [367, 

368]. Fattyacids like dodecanoic acid (Rt- 7.63), n-hexadecanoic acid (Rt- 17.26), 

tetradecanoic acid (Rt- 11.56),  octadecanoic acid (Rt- 24.37) fatty alcohols (n-

pentadecanol- n-Heneicosonal) were also detected during degradation. Moreover, the 

detection of aldehydes like Acetaldehyde, Propanal,3(dimethylamino)2,2dimethyl (Rt’s- 

4.09 and 42.23) (BaP) and Hexanal, 2ethyl (Rt-16.96) (BkF)  and the intermediate of TCA 

cycle Aceticacid, trifluoro-dodecyl ester, 2Hydroxy2methylsuccinic acid, Formicacid, 

isopropylester and Aceticacid, n-octadecyl ester (Rt’s- 4.38, 5.25, 5.04 and 15.64),  indicates 

the complete utilization of PAHs. 

          

From results, the microbial consortium degrades PAHs through three different ways (1) 

conversion of PAHs to epoxides by fungal, bacterial monooxygenase and to phenols and 

trans-dihyrodiols nonenzymatically and by hdrolases which are further mineralized to 

hyroxy PAHs, diones and quinones. (2) direct oxidation of PAHs to quinones by fungal 

extracellular enzymes laccase and ligninpeoxidase to phthalicacids (3) Oxidation of PAHs 

to cis-dihydrodiols by bacterial dioxygenases and subsequently to catechol and intermediary 

compounds. Altogether the metabolites identified by GC-MS are in agreement with the 

degradation pathways proposed by C.E. Cerniglia [91]. The existence of complementary 

degradation mechanisms, metabolic cooperation between microorganisms may result in 

enhanced PAHs degradation and also co-metabolism of PAHs which analogize with the 

studies of Gullotto. A [369] where an efficient PAHs synergistic degradation of PAHs. 

degradation was observed with the combined action of bacterial monooxygenase and fungal 

laccase. This was attributed to the advantage of using fungal, bacterial consortium 

signifying the bacterial monooxygenase and fungal laccase.  

 



128 
 

 
 

Table 5.10: GC-MS metabolites identified from the fungal culture supernatant incubated 

with BAA. 

SNO Metabolite 
RT 

(min) 

Molecular 

weight 
Structure m/z fragment ion 

Epoxy derivatives: 

1 1,2-epoxy-3-propylacetate  2.65 116 

 

43 (100), 61 (8.13) 

2 
Alantolactone,4à,4Aà 

Epoxy 
13.86 

248 

C15H20O3 

 

93.7 (100), 81 (72), 

109 (84.6), 122 

(74.2) 

Aromatic organic compounds: 

3 Phenol 2.90 
94 

C6H6O 

 

93.91(100), 

66(28.09), 65 

(17.80), 95 (8) 

4 t-butyl-p-benzoquinone 4.48 
164 

C10H12O2 

 

56.83 (100), 102 

(39.38), 149 (49.47), 

121 (52) 

5 
Phenol,2,4-bis (1,1-

dimethylethyl)- 
6.98 

206 

C14H22 

 

191(100), 73 (14.7), 

206 (18), 192 (14.83) 

 

6 Benzophenone 9.03 
182 

C13H10O 

 

105 (100), 182 

(68.2), 95 (35.42), 69 

(29.8) 

7 2,4,6-Triisopropyl phenol 15.34 
220 

C15H24O 

 

205 (100), 175 (70), 

189 (51.22), 217 

(49.61) 
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8 
5tButyl1,2,3trimethylbenze

ne 
23.10 

176 

C13H20 

 

161 (100), 208 

(70.09), 121 (43), 

148 (40.75) 

9 

Isoquinoline,1,2,3,4tetrahy

dro6,7dimethoxy1,2dimeth

yl, (n)- 

24.66 
221 

C13H19NO2 

 

176 (100), 207 

(70.11), 161 (70), 

149 (49) 

10 
3,5ditertButyl4hydroxy 

acetophenone 
26.63 

221 

C13H19NO2 

 

176 (100), 207 

(70.11), 161 (70), 

149 (49) 

11 
Benz (a) anthracene, 7,12-

dihydro 
31.72 

230 

C18H14 

 

229 (100), 113 

(86.75), 114 (46.17), 

41.12 (40.4) 

12 Naphthacene 31.85 
228 

C18H12  

228 (100), 229 

(80.6), 224 (53), 69 

(42) 

Methoxyls / Ethers: 

13 
Ethylene glycol 

monododecylether 
10.64 

230 

C14H30O2 

 
 

56.98 (100), 70.93 

(82.7), 69.17 (60.97), 

55.13 (57.88) 

14 
Phloroglucinol dimethyl 

ether 
12.85 

154 

C8H10O3 

 
 

154 (100), 70 

(51.63), 72.05 (28.9), 

125 (26.76) 

15 
Benzeneacetamide, 9-

(dibutyl amino)-4 methoxy 
21.23 

292 

C17H28N2O2 

 

248 (100), 121 

(72.7), 52.73 (49.78), 

57 (47.75) 

16 P-Cresyl glycidyl ether 25.75 

164 

C10H12O2 

 
 

92.85 (100), 108 

(93), 164 (59.14), 

146.25 (56.39) 

Sulfates: 

17 di-tert-dodecyl disulfide 5.31 

402 

C24H50S2 

  

71.02 (100), 57 

(85.63), 85 (73.51), 

43.1 (52.06) 
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Diol/Triol derivatives: 

18 Labd14ene8, 13diol, (13R) 11.74 
360 

C26H48 

 

43.12 (100), 95 

(75.81), 97 (60.35), 

80.9 (58.11) 

Ketone derivatives: 

 

19 4-Heptanone, 2-methyl 4.39 
128 

C8H16O 
 

57 (100), 71 (79.78), 

85 (62), 128 (59.2) 

20 2-pentanone, 4-4dimethyl 4.82 
114 

C7H14O 

 

57 (100), 58 (66.2), 

100.8 (64), 43 (61) 

21 
1,6dioxacyclododecane-

7,12-dione 
7.68 

200 

C10H16O4 

 

99.9 (100), 110.9 

(81), 54 (93.2), 84 

(88.3) 

22 2,4 pentanedione, 3phenyl 21.92 
176 

(C11H12O2) 

 

161 (100), 176 

(82.48), 163 (81.4), 

145 (57) 

23 
4Diethylaminobenzaldehyd

e Oxime 
22.26 

192 

C11H16N2O 

C15H24 
 

177 (100), 161 

(89.52), 105 (44.57), 

133 (44) 

24 
9,10-Anthracenedione, 1,8-

dihydroxy-3-methyl 
28.97 

254 

C15H10O4 

 

254 (100), 99 

(26.42), 71 (27.2), 

111 (21.26) 

25 
9,10-Anthracenedione,2-

ethyl 
33.11 

236 

C16H12O2 

 

177 (100), 122 

(58.91), 85 (82.7), 81 

(51) 
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Table 5.11: GC-MS metabolites identified from the fungal culture supernatant incubated 

with DBA. 

SNO Metabolite 
RT 

(min) 

Molecular 

weight 
Structure 

m/z fragment 

ion 

Epoxy derivatives: 

1 
Trichothec9en8one,12,13epoxy3,

4,7,15tetrahydroxy, (3à,4á,7à)-: 
22.12 

312 

C15H20O7 

 

177 (100), 161 

(94), 105(48), 131 

(45.66) 

2 
Trichothec9en8one,12,13epoxy3,

7,15 trihydroxy,(3à,7à) 
21.27 

296 

C15H20O6 
 

248 (100), 230 

(67), 72 (60), 81 

(47) 

Aromatic organic compounds: 

3 

 

t-butyl-p benzoquinone 
4.48 

164 

C10H12O2 

 

56.83 (100), 149 

(44.56), 121 

(44.36), 102 

(33.02) 

4 

 

Phenol,2,4-bis (1,1 dimethylethyl)  6.98 

 

206 

C14H22 

 

191(100), 57 

(14.23), 206 (18), 

192 (14) 

 

5 

 

Benzene, 1,3diisopropyl-5-ethyl 8.01 
190 

C14H22 

 

147 (100), 175 

(93.63), 190 

(48.84), 129 (30) 

6 

 

9,9'Biphenanthrene octacosahydro  
13.18 

382 

C28H46 

 

107.2 (100), 80.9 

(85.19), 85 

(79.21), 43.11 

(59.36) 

7 

Benzene methanamine, N-ethyl-

N-phenyl 
22.95 

211 

C15H17N 

 

90.93 (100), 

211.09 (14.43), 

108 (13.73), 65 

(11.86) 

8 

9-(Methylaminomethyl) 

anthracene 
33.07 

221 

C16H15N 

 

84.91 (100), 320 

(49.47), 221 

(47.28), 177 

(36.80) 
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9 

Azulene,1,2,3,4,5,6,7,8octahydro1

,4dimethyl7(1methylethylidene), 

(1Scis)  

15.22 
204 

C15H24 

 

43.09 (100), 93 

(99), 72 (71), 135 

(76) 

10 

4H-Imidazol-4-one, 2amino-1,5 

dihydro 30.05 
99 

C3H5N3O 

 

98.93 (100), 320 

(26.37), 71 (27.3), 

207 (18) 

Methoxyls / Ethers: 

11 

Diveratryl ether  34.03 

318 

C18H22O5  

152 (100), 151 

(56.64), 121 

(42.09), 106.8 

(20.7) 

Sulfates: 

12 Disulfide, di-tert-dodecyl 5.32 

402 

C24H50S2 

  

71.02 (100), 85 

(74.17), 57 

(63.39), 43.1 

(49.74) 

Diol/Triol/ Hydroxy derivatives: 

13 

1,2 cyclohexanediol, 1-methyl-4-

(1methyl ethyl)-  

5.93 

172 

C10H20O2 

 

111 (100), 86 

(54.09), 85 

(36.43), 43 (34) 

14 

1,2,6- hexanetriol 6.22 
134 

C6H14O3 

 

 

 

103 (100), 98 

(59.4), 96.12 

(53.12), 43.09 

(86.53) 

15 

(-)Isolongifolol 

1,4Methanoazulene9methanol,dec

ahydro4,8,8trimethyl,[1S(1à,3aá,4

à,8aá,9R*)] 

13.85 

222 

C15H36O 

 

80.9 (100), 122 

(80), 109 (78), 

150 (44) 

16 

Estra1,3,5(10)trien17áol 17.08 

256 

C18H24O 

 

73 (100), 43 (60), 

129 (76.6), 57 

(46.3) 
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17 

Card20(22)enolide,3,5,14,19tetrah

ydroxy,(3á,5á)  

23.33 

406 

C23H34O6 

 

57 (100), 105 

(74), 161 (75.4), 

133 (79.37) 

18 

Olean12ene3,28diol,(3á)  37.01 

177 

C10H11NO2 

 

130 (100), 56.87 

(70.42), 203 

(35.88), 129 

(34.54) 

19 

10àHAmbros11(13)en12oicacid,3

à,4à,6átrihydroxy,c- lactone  

39.84 

266 

C15H22O4 

 

123 (100), 151 

(78.4), 95 (46.3), 

43.2 (42.65) 

Ketone derivatives: 

 

20 

1,6 dioxacyclododecane-7,12-

dione  

7.68 

200 

C10H16O4 

 

84.11 (100), 55 

(89.58), 54 

(84.51), 100 

(74.52) 

21 

1,4 Naphthalenedione 16.19 

228 

C14H12O3 

 

213 (100), 228.09 

(99.78), 84.33 

(47.49), 57 (45) 

22 

9,10-Anthracenedione, 1,- 

(methylamino)-4-[ (4methyl 

phenyl) amino]  

41.32 

342 

C22H18N2O2 

 

57 (100), 342.2 

(56.9), 93 (60), 

84.97 (52.48) 

TCA cycle intermediates 

23 

 

Succinicacid 

 

4.18 118 

C4H6O4 

 

 

74 (100), 55 

(99.57), 73 

(60.87), 45 

(38.09) 
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Table 5.12: GC-MS metabolites identified from the fungal culture supernatant incubated 

with IND. 

SNO Metabolite 
RT 

(min) 

Molecular 

weight 
Structure 

m/z fragment 

ion 

Epoxy derivatives: 

1 Alantolactone,4à,4Aà Epoxy 21.24 
248 

C15H20O3 

 

248 (100), 109 

(73), 42.3 (68), 

149 (41) 

Aromatic organic compounds: 

2 
 

Phenol 
2.88 

94 

C6H6O 

 

93.93(100), 

66(28.11), 65 

(18.31), 95 (8) 

3 t-butyl-p-benzoquinone 4.48 
164 

C10H12O2 

 

149 (100), 121 

(95.24), 77 (55), 

123 (49) 

4 Phenol,2,4-bis (1,1-dimethylethyl)- 
6.98 

 

206 

C14H22 

 

191(100), 73 

(14.7), 206 (18), 

192 (14.83) 

 

5 
1,3-benzodioxole, 4-methoxy-6-(2-

propenyl) 
7.24 

192 

C11H12O3 

 

192 (100), 121 

(31), 91 (27), 161 

(24) 

6 
 

Benzene, 1-ethyl-3,5diisopropyl 
8.01 

190 

C14H22 

 

175 (100), 147 

(97), 190 (50), 119 

(30.57) 
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7 
 

P-benzoquinone, 2,5-bis 
15.34 

332 

C22H36O2 

 

205 (100), 189 

(51), 217 (50), 220 

(38) 

8 Hydroquinone, 2,5-di-tert-butyl 30.08 
222 

C14H22O2 

 

99 (100), 71 (23), 

320 (27), 207 (15) 

9 
Isoquinoline, 1,2,3,4-tetrahydro 8-

amino-2-methyl-4-phenyl 
38.8 

238 

C16H18N2 

 

194 (100), 195 

(28), 237 (18), 179 

(15) 

Methoxyls / Ethers: 

10 
 

Benzene, 5allyl-1,2,3-trimethoxy 
7.45 

208 

C12H16O3 

 

208 (100), 193 

(68), 133 (32), 57 

(27) 

11 
 

Cedryl propyl ether 
13.85 

264 

C18H32O 

 

109 (100), 80.91 

(59.52), 72 (54), 

150 (37.6) 

Sulfates: 

12 di-tert-dodecyl disulfide 7.15 

402 

C24H50S2 

  

88.9 (100), 71 

(59.45), 85 (52.6), 

43.1 (35.67) 

Diol/Triol derivatives:     

13 
 

2-phenanthrenol 
39.22 

194 

C14H10O 

 

194 (100), 165 

(15), 195 (16), 133 

(8) 

Ketone derivatives: 

14 2-propanone, 1hydroxy acetate 2.65 
116 

C5H8O3 

 

43 (100), 60 

(10.51), 73 (9.14) 
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15 

1,4Etheno3H,7Hbenzo[1,2c:3,4c']dipyr

an3,7dione,9(3furanyl)decahydro4hydr

oxy4a,10adimethyl,[1R(1à,4á,4aà,6aá,9

á,10aá,10bà)]- (columbin) 

22.10 
358 

C20H22O6 

 

177 (100), 161 

(98), 131 (54), 133 

(47.27) 

16 
NCbzLphenylalanylchloromethylKeton

e 
22.95 

331 

C18H18ClNO3 

 

90.93 (100), 255 

(27.33), 131 (14), 

104 (11.44) 

18 
Pregna4,6diene3,20dione,17(acetyloxy) 

6methyl- (Megestrol acetate) 
37.07 

384 

C22H34O4 

 

83 (100), 43.2 

(71), 127 (48.6), 

324 (54) 

19 

Pregna1,4diene3,20dione,9chloro21(2,2

dimethyl1oxopropoxy)6fluoro11hydrox

y16methyl,(6à,11á,16à)- 

39.88 
494 

C27H36ClFO5 

 

123 (100), 151 

(70), 95 (52), 57 

(44) 

TCA cycle intermediates 

20 Succinicacid 4.21 

118 

C4H6O4 

 

 

55 (100), 99.91 

(92.84), 45 

(81.46), 73 (69.38) 

 

In case of degradation of PAHs (BAA, DBA and IND) by Aspergillus terricola var 

americanus epoxy derivative metabolites, Alantolactone, 4à, 4Aà epoxy in the medium 

incubated with BAA and IND (Table 5.10 and 5.12); Trichothec9en8one, 12, 13 epoxy 3, 4, 

7, 15 tetrahydroxy, (3à, 4á, 7à) and Trichothec9en8one, 12, 13 epoxy 3, 7, 15 trihydroxy, 

(3à, 7à) derivatives with DBA existence (Table 5.11) in incubated cultures elucidate the 

initiation of the respective PAHs oxidation to epoxide (arene oxide) mediated by the 

cytochrome P450 monooxygenase of A. terricola var americanus.  
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Further, the presence of transdihydrodiols and phenols reconfirms the activity of 

cytochrome P450 produced by Aspergillus [354] in successive conversion of epoxides to 

trans-dihydrodiols by epoxide hydrolases in cultures incubated with BAA and IND (Table 

5.10 and 5.12) and to phenols non-enzymatically. Accordingly, the presence of conjugates 

of sulfates, methoxyls in the culture medium incubated with PAHs surmises the respective 

conversion of phenols. Conversion of epoxides to 2-Phenanthrenol and quinones in cultures 

incubated with IND (Table 5.12) correlated with the conversion of phenanthrene 9, 10 trans 

di hrdrodiol into 9-phenanthrenol and to 9,10 phenanthrene quinine in A.niger [370] 

utilizing LiP.  

 

On the other hand, the conversion of trans-dihydrodiols to (n)-Hydroxy metabolites and 

successively to diones is evident in the culture of BAA and DBA (Table 5.10 and 5.11). 

Other major metabolites identified were quinones, which confirms that this particular strain 

of fungus also produced extracellular ligninolytic enzymes specifically lignin peroxidase 

and laccases which oxidizes poly aromatic hydrocarbons to diones and further to quinones, 

with subsequent ring cleavage to produce phthalic acids and eventually to CO2 [38].  

 

The oxidation of BAA to the 3, 4 diol-1, 2-epoxides and to trans-8, 9, 10, 11, and 3,4-

dihyrodiols  is identified and the same was reported in Cunninghamella elegans [371]. Benz 

(a) anthracene 7, 12- quinone, naphthalene 1,2-dicarboxylic acid, 1-tetralone, phthalic acid, 

2-hydroxymethyl-benzoic acid, methyl esters of phthalic acid were also identified and the 

similar products were also reported in Irpex lacteus [360]. Natural mediator compounds like 

benzophenone and 3, 5- ditert- butyl, 4 hydroxy acetophenone were also observed during 

the degradation of BAA (Table 5.10) which correlated with the findings of C. Johannes and 

A. Majcherczyk [372] and Y.-R. Wu, Z.-H. Luo [251]. BAA was also found metabolized by 

Fusarium solani [251] to benz (a) anthracene 7, 12 dione and phthalic acid. 

 

The accumulation of alkanes (undecane-cyclohexadecane), alkenes in culture medium when 

compared with control samples indicates the breakdown of PAHs into simple hydrocarbons 

alkanes, alkenes and benzene compounds. The alkanes and alkenes get converted into 

alcohol and fatty acids by the cytochrome P450 monooxygenase and the resultant aldehyde 
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and ketone groups are converted to ester and carboxylic acids, which are further mineralized 

by β oxidation pathway [363, 367]. Moreover, the detection of succinic acid, the 

intermediate of TCA cycle (RT’s 4.18 and 4.21), indicates the complete mineralization of 

DBA and IND respectively (Table 5.11 and 5.12). Altogether, the metabolites recognized by 

GC-MS are in accordance with the degradation pathways suggested by C.E. Cerniglia [91]. 

 

Finally, in this study, the communal presence of various intermediary and definitive 

degradation derivatives in the culture medium incubated with BAA, DBA and IND along 

with A. terricola var americanus confer that this ligninolytic fungal strain uniquely employs 

both intracellular (cytochrome P450 monooxygenase oxidation) and extracellular 

(ligninolytic enzymes) pathways for the effectual mycoremediation of PAHs.  

 

5.4 Summary of this chapter 

Microbial consortium consisting of bacterial, fungal cocultures could effectively degrade 

both LMW and HMW PAHs individually as well as in mixtures as a sole carbon source. 

This is the first report describing the biodegradation of BAA, DBA and IND by Aspergillus 

terricola var americanus. The degradation of high ring PAHs utilizing cytochrome P450, 

bacterial dioxygenases and ligninolytic pathways were discussed. The occurrence of 

interdependent degradation mechanisms and metabolic coordination between consortium 

microorganisms efficiently augments the degradation of PAHs. 

 

 

 

 

 

 

 

 

 


