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  Abstract 
 

Eleven bacterial wild strains were isolated from sewage waste water of PCSIR Laboratory Colony Peshawar, 

through serial dilution and were adapted for degradation of polycyclic aromatic hydrocarbons (PAHs). These 

isolates were screened for low molecular weight (LMW) and high molecular weight (HMW) PAHs. Isolated 

strains were screened on solid nutrient agar and then on mineral media. These bacterial isolates can bring about 

complete mineralization of (HMW) like pyrene. Isolates W1, W2, W8 and W11 were best on pyrene and 

phenanthrene respectively. PAHs compounds produced yellow coloration on mineral media plates. This yellow 

coloration during degradation of PAHs is the characteristic property of bacterial conversion of polyaromatic 

hydrocarbons to 2-hydroxylmuconic semi-aldehyde through meta-cleavage of catechol. Among these isolates, 

only W2 was able to grow on pyrene individually and efficiently degraded PAHs mixture. Naphthalene and 

acenaphthene were completely degraded in 24 hours as revealed from HPLC analysis. Catechol (64.05%) and 

phthalic acids (31.44%) were detected after 72 hours are the degradation products of phenanthrene and 

anthracene. 1-hydroxy2-naphthoic acid (63.37%) is the oxidation products of phenanthrene through 

naphthalene degradation pathway. Increased production of benzocaumarin (32.89-93.13%) between incubation 

periods of 120-168 hours can be the possible explanation that selected PAHs present in the mixture were 

degraded through naphthalene pathway. Experiment was performed in triplicate and data was analysed by 2-

way ANOVA and level of significance < 0.002. 
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Introduction 

Many PAHs are in the United States Environmental 

Protection Agency Priority Pollutant List, including 

acenaphthene, naphthalene, anthracene, phenanthrene 

and pyrene due to their toxicity, carcinogenecity and 

teratogenecity (Lily et al., 2013). Various sources of 

PAHs production are mainly from domestic and 

industrial effluents and sewage waste waters from 

agriculture sources and hospitals. From there these 

PAHs compounds gets entry into canals and rivers 

and impact the aquatic environment by targeting the 

bottom feeder such as polycaetes, nematode, bivalves 

and crustaceans (Smith et al., 2007; Moreno et al., 

2009), then enter the food chain which is an 

important pathway of entry into human bodies.  

 

Waste water irrigated land accumulates huge 

quantities of these contaminants and also reach the 

green parts of plants. Detection of PAHs in soil and 

green leaves vegetable in different areas metropolitan 

areas of Khyber Pakhtunkhwa (223-929mgkg-1 in soils 

& 51.6-402mgkg-1) as revealed from quantification 

studies (Waqas et al., 2014). It can be concluded that 

the waste water contains these contaminants in huge 

quantities. The incidence of Tasman spirit in July 

2003 adds a lot of oil to the coastal beach of Clifton 

Karachi. This oil spill affected the phytoplankton in 

the coastal area of Karachi, and the people living 

there were observed with different problems like low 

efficiency of lungs and gastro intestinal tract, itching 

and headache (Saifullah and Chaghtai, 2005; Janjua 

et al., 2006). The major concern is about PAHs which 

act as ubiquitous pollutant with potential toxic and 

carcinogenic effect, persist in the environment for 

longer period due to their hydrophobic nature. The 

genotoxicity of PAHs also increases with their size, up 

to at least four or five fused benzene rings. Release of 

toxic PAHs by natural and anthropogenic activities 

into the ecosystem is the root cause for air, water and 

soil pollution which leads to deleterious effects on 

plants, animals and human health (Menzie et al., 

1992; Yuan et al., 2000).  

 

These contaminants can be removed by various 

physical means but form more hazardous compounds 

than the parents one (Soojhawon et al., 2005; 

Hassan et al., 2009). Co-metabolic bioremediation is 

the breakdown of a contaminant by an enzyme or 

cofactor that is formed during microbial metabolism 

of another compound. This type of bioremediation is 

highly targeted because it ensures that only microbes 

that can degrade the contaminant of concern are 

stimulated. Hence, these microorganisms cannot get 

any carbon and energy benefit (Bastiaens et al., 2000; 

Sipkema et al., 2000; Rui et al., 2004; Semprini et 

al., 2005; Hazen et al., 2010; Powell et al., 2011). The 

interactions between different microorganisms under 

mixed culture conditions such as co-metabolism 

might be important too, and biodegradation of toxic 

organic compounds by the mixed culture could be 

different from that of a single culture (Kobayashi and 

Ritmann, 1982; Tam et al., 2002). It is a common 

practice that bacteria isolated from non-contaminated 

sediments can be adapted to the contaminated 

environment (Chaineau et al., 1999). In addition to 

the initial PAH concentration, the addition of a 

simple carbon source such as glucose might also 

influence the biodegradation potential. In present 

study eleven bacterial strains were isolated from 

sewage waste water and screened on solid media for 

utilization of the five selected PAHs individually as 

well as in mixture. To the best of our knowledge this 

is first reported work on bacterial degradation of 

PAHs isolated from sewage waste water of Peshawar 

and therefore aims (1) to investigate the 

biodegradation potential of the bacterial isolates from 

sewage waste water to degrade PAHs on solid media 

(2) to study degradation of PAHs mixture by these 

bacteria through co-metabolism. 

 

Materials and methods 

Chemicals and Media 

Nutrient agar and Mineral salt medium was used for 

initial screening. The composition of PNR and PNRG 

(PNR + 5 mM glucose) per liter of distilled water 

(Khan et al., 2006; Survery et al., 2009), is as; PN 

(20x) 50mL used as 50 mlL-1: KH2PO4 13.6% (wv-1), 

(NH4)2SO4 2.4% (wv-1), NaOH 2.5% (wv-1) and R salts 

used as 7mlL-1 MgSO4.7H2O 8% (wv-1), FeSO4.7H2O 

0.2% (wv-1), HCl 0.4 % (wv-1), Agar (2%) was used as 

solidifying agent. All the chemicals naphthalene, 

acenaphthene, anthracene, phenanthrene, pyrene, 
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salicylic acid, salicylaldehyde, dicarboxylic acid and 

catechol, purchased from Merck and Fluka and were 

analytical grade. 

 

Collection of soil samples 

Sewage waste water of PCSIR Laboratory Colony 

Peshawar was collected. The samples were placed into 

sterile tubes and immediately brought to the 

laboratory and stored at 4°C.  

 

Isolation of bacteria from sewage waste water 

Bacteria were isolated from the water samples using 

serial dilution and spread plate technique on nutrient 

agar media and incubation till appearance of growth. 

Inoculated plates were purified by repeatedly by sub-

culturing and streak plate method. Colonies appeared 

were picked and cultured in new nutrient agar. Multi 

steps of purification were performed until pure strains 

were obtained. Purification process involved streak plate 

method was done to ensure only single strain was obtain 

for each plating. Pure cultures obtained were stored in 

slants of enrichment medium with 2.0gL-1 pure agar and 

stored at 4°C (Survery et al., 2009). 

 

Screening on solid media for PAHs degradation 

Screening of the isolates for the ability to use 

anthracene as sole source of carbon and energy for 

biodegradation was carried out on both solid and 

liquid mineral media. A qualitative assay by the 

spray-plate method was used to check the 

degradation potential of the isolated bacterial strains 

for growth on PAHs (Kiyohara et al., 1982; Khan et 

al., 2010; Kumar et al., 2010; Alias et al., 2011; 

Dastgheib et al., 2011). Initially, the strains were 

screened on nutrient agar and then on mineral salt 

medium (PNRG) and (PNR). Initially, the strains 

were screened on nutrient agar and then on mineral 

salt medium (PNRG) and (PNR). Initial concentration 

range was 25 ppm-1200 ppm for anthracene, 100-

800ppm (phenanthrene), 100-1000ppm (naphthalene 

and acenaphthene), 10-1000ppm (pyrene) and 

incubated until appearance of growth. PNR plates 

were prepared and inoculated with bacteria and 

sprayed with 0.1% of all the five selected PAHs which 

was appropriately labeled. The plates were incubated 

at room temperature (about 28°C) for four days. 

Appearance of growth on mineral plates with PAHs 

spray was an indication of the utilization of PAHs. 

Those strains with best growth were selected for 

further studies. To confirm the degradation 

capability, PAHs were added to liquid mineral media 

as sole carbon and energy source. To confirm the 

degradation capability, PAHs were added to liquid 

mineral media as sole carbon and energy source. Co- 

metabolism study was performed according to 

protocol of (Zhong et al., 2007) with some 

modifications. 

 

Inoculums preparation 

All the isolates were grown in Nutrient Broth and 

incubated at 150 rpm in an orbital shaker at 28±2°C. 

After reaching late exponential phase bacterial cells 

were harvested at 8000×g at 4°C for 10 minutes, 

washed twice in phosphate buffer (pH 7.2) and 

resuspended in BSM to obtain bacterial suspension 

with an OD 600nm less than 0.4. The suspension was 

used as the inoculums in all optimization, 

biodegradation and co-metabolism experiments (Guo 

et al., 2010). 

 

Co-metabolism experiment 

Experiment for cometabolic degradation of mixed 

PAH, and metabolites were studied on the basis of 

retention time comparison with available authentic 

standards and literature values. Experiment for 

cometabolic degradation of five selected compounds 

was prepared according to established protocol with 

some amendments (Zhong et al., 2007). Before 

bacterial inoculation, the added PAH was evenly 

mixed with the liquid medium, and the flasks were 

shaken on a rotary shaker (150 rpm) at 30°C 

overnight. The added acetone was evaporated, and 

the residual acetone was so small that it did not have 

any toxic effect to microorganisms according to our 

previous experience. The isolate was grown in 

nutrient broth (NB) for 3 days, centrifuged at 

5,000×g for 10 min, washed twice, and resuspended 

in 0.85% NaCl to obtain the cell suspension with an 

optical density at OD (600nm) of 1.0. The 500-μl 

aliquot of the cell suspension previously grown in NB 

was used as an inoculum and was added to the 

respective growth medium. 
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A sterilized PAH flask without any bacterial 

inoculation was used as the abiotic control. Each 

treatment and control was prepared in triplicate. All 

cultures were started with cell density at an OD of 

0.02 and were incubated at 30°C on a rotary shaker 

(150 rpm) in the dark. The growth in terms of OD of 

the culture was measured at days 0, 1, 3, 5, and 7.  

 

Extraction of selected PAHs from sample 

The samples were then agitated in an incubated shaker 

at 150rpm for two weeks. Samples were periodically 

collected from reactor flasks for day 1, 2, 5, 7 for the 

purpose of measuring residual concentration of PAHs. 

PAHs were extracted by protocol of Shokrollahzadeh 

et al with some modifications (Supakaa et al., 2001). 

The growth medium was extracted twice by 

dichloromethane (DCM) and acetone 10mL each by 

shaking at 30͘°C for 24 hours. The extraction phase 

was stripped of water droplets by pipetting the upper 

layer after centrifugation at 12,000xg. The remaining 

moisture was removed by addition of 4gm anhydrous 

sodium sulphate (Na2SO4) and evaporated to dryness 

in a rotary evaporator and concentrated in a rotary 

evaporator to around 2ml. The samples were then 

filtered, using 0.45 µm syringe filters.  

 

High performance liquid chromatography (HPLC) 

analysis  

Standard protocol was followed for extraction of 

anthracene metabolites for HPLC analysis 

(Shokrollahzadeh et al., 2012). Metabolites were 

studied on the basis of retention time comparison 

with available authentic standards and literature 

values. Followed by the extraction with ethyl acetate, 

the samples were filtered through 0.2mm syringe 

filter and analyzed in a high performance liquid 

chromatography. 

HPLC (PerkinElmer) with the C18 reverse phase 

column was used to analyze anthracene under 

isocratic condition using acetonitrile: water (80:20) 

(vv-1) as mobile phase and detection wavelength –254 

nm. The flow rate of the mobile phase (acetonitrile) 

was maintained at 1.2mLmin-1. The samples volume 

was 2mL in each vial of HPLC tray. Metabolites were 

studied on the basis of retention time comparison 

with available authentic standards and literature 

values.  

 

Results  

Isolation of bacteria from sewage waste water 

In present study a total of 11 bacterial strains were 

isolated from sewage waste water were isolated. 

Isolation was done through serial dilution and spread 

plate techniques in spite of classical enrichment. 

These wild isolates after repeated purification steps 

were used for initial screening on selected PAHs 

individually and in mixture.  

 

Screening of LMW PAHs (anthracene, naphthalene 

phenanthrene and acenaphthene) biodegrading 

bacteria isolated from sewage waste water 

We isolated 11 bacteria (W-strains) from sewage 

water and grow it on anthracene amended nutrient 

agar media as shown in Table 1. The concentration 

range for anthracene was (25-1200ppm), the resistant 

strains were processed on other selected PAHs as 

well. These isolates when tested on naphthalene three 

isolate show concentration dependent growth upto 

800ppm and two were best at 1100ppm as shown in 

Table 2. Six isolates were best on 700ppm among 

which two show rich growth and three with moderate 

growth rate on phenanthrene and acenaphthene at 

(1100ppm) as clear from Table 3 & 4.  

 

Table 1. Screening of W-strains on anthracene amended nutrient agar media. 

S. No Isolates 
Anthracene concentration in ppm 

25 50 100 200 300 400 500 600 700 800 900 1000 1100 1200 

1. W1 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

3. W3 + - - - - - - - - - - - - - 

4. W4 +++ +++ +++ +++ +++ +++ +++ +++ +++ + + + + + 

5. W5 +++ +++ +++ +++ +++ +++ +++ +++ +++ + + + - - 

6. W6 +++ +++ +++ +++ +++ +++ +++ +++ ++ + + + - - 

7. W7 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ + + - 
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S. No Isolates 
Anthracene concentration in ppm 

25 50 100 200 300 400 500 600 700 800 900 1000 1100 1200 

8. W8 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ - - - 

9. W9 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ + - - 

10. W10 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ + + + 

11. W11 +++ +++ +++ ++ ++ ++ ++ ++ ++ ++ + + + - 

+++ = Rich growth ++ = Medium growth + =Less growth (-) = No growth. 

 

Table 2. Screening of W-strains on naphthalene amended nutrient agar media. 

S. No Isolates Naphthalene concentration in ppm 

50 100 200 300 400 500 600 700 800 900 1000 1100 

1. W1 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

3. W3 +++ +++ +++ +++ ++ ++ ++ ++ + + - - 

4. W4 +++ +++ +++ +++ +++ +++ +++ +++ + - - - 

5. W5 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + - 

6. W6 +++ +++ +++ +++ +++ +++ +++ ++ + - - - 

7. W7 +++ +++ +++ +++ +++ +++ ++ ++ + + - - 

8. W8 +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ ++ 

9. W9 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ 

10. W10 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + + 

11. W11 +++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

+++ = Rich growth ++ = Medium growth + =Less growth (-) = No growth. 

 

Table 3. Screening of W-strains on phenanthrene amended nutrient agar media. 

S. No Isolates 
Phenanthrene concentration in ppm 

50 100 200 300 400 500 600 700 800 900 1000 1100 

1. W1 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

3. W3 +++ +++ +++ +++ ++ ++ ++ ++ + + - - 

4. W4 +++ +++ +++ +++ +++ +++ +++ +++ + -  - 

5. W5 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + - 

6. W6 +++ +++ +++ +++ +++ +++ +++ ++ + - - - 

7 W7 +++ +++ +++ +++ +++ +++ ++ ++ + + - - 

8 W8 +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ ++ 

9 W9 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ 

10 W10 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ + + 

11. W11 +++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

+++ = Rich growth ++ = Medium growth + =Less growth (-) = No growth. 

 

Table 4. Screening of W-strains on acenaphthene amended nutrient agar media. 

S. No Isolates 
Acenaphthene concentration in ppm 

50 100 200 300 400 500 600 700 800 900 1000 1100 

1. W1 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

3. W3 +++ +++ +++ +++ ++ ++ ++ ++ + + - - 

4. W4 +++ +++ +++ +++ +++ +++ +++ +++ + -  - 

5. W5 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + - 

6. W6 +++ +++ +++ +++ +++ +++ +++ ++ + + - - 

7. W7 +++ +++ +++ +++ +++ +++ ++ ++ + + - - 

8. W8 +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ ++ 

9. W9 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ 

10. W10 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + + 

11. W11 +++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

+++ = Rich growth ++ = Medium growth+ =Less growth (-) = No growth. 
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Screening of LMW PAHs (pyrene) biodegrading 

bacteria isolated from sewage water 

Results of W- isolates on pyrene amended media as 

shown in Table 5. Eight of these isolates showed rich 

and two with moderate growth rate up to 600ppm as 

shown in Table 5. Three of these isolates were 

resistant at 1000ppm. 

 

Adaptaion of bacterial isolates for enhanced degradation 

Microbes can be adapted for biodegradation of PAHs 

through changing concentration and growth media 

i.e. from simple nutrient agar to mineral media with 

(PNRG) and without glucose (PNR) as shown in Table 

6 and 7.  

 

Screening in liquid media for selection of best 

degraders 

Results of the isolates for confirmation of growth on 

PAHs are shown in Table 8. The results of growth of 

W-isolates on selected PAHs individually after 

72hours of incubation are shown in following section: 

 

 

Table 5. Screening of W-strains on pyrene amended nutrient agar media. 

S. No Isolates 
Pyrene concentration in ppm 

10 20 50 100 200 300 400 500 600 700 800 900 1000 

1. W1 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

3. W3 + - - - - - - - - - - - - 

4. W4 +++ +++ +++ +++ +++ +++ +++ +++ +++ + + + + 

5. W5 +++ +++ +++ +++ +++ +++ +++ +++ +++ + + + - 

6. W6 +++ +++ +++ +++ +++ +++ +++ +++ ++ + + + - 

7. W7 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ + + 

8. W8 +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ - - 

9. W9 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ + - 

10. W10 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ 

11. W11 +++ +++ +++ ++ ++ ++ ++ ++ ++ ++ + + + 

+++ = Rich growth ++ = Medium growth + =Less growth (-) = No growth. 

 

Table 6. Adaptation of bacterial isolates on selected PAHs amended PNRG media. 

S. No. 
 

Isolates 

PAHs Conc. (ppm) /PNRG 

Acenaphthene Naphthalene Anthracene Phenanthrene Pyrene 

100-900 100-1000 50-1200 100-1100 10-1000 

1. W1 +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ 

3. W5 +++ +++ +++ +++ +++ 

4. W8 +++ +++ +++ +++ +++ 

5. W9 +++ +++ +++ +++ +++ 

6. W10 +++ +++ +++ +++ +++ 

7. W11 +++ +++ +++ +++ +++ 

 

Table 7. Adaptation of selected bacterial isolates on selected PAHs compounds amended PNR media. 

S. No. Isolates 

PAHs Conc. (ppm) /PNR 

Acenaphthene Naphthalene Anthracene Phenanthrene Pyrene 

100-900 100-1000 50-1200 100-1100 10-1000 

1. W1 +++ +++ +++ +++ +++ 

2. W2 +++ +++ +++ +++ +++ 

3. W5 +++ +++ +++ +++ +++ 

4. W8 +++ +++ +++ +++ +++ 

5. W9 +++ +++ +++ +++ +++ 

6. W10 +++ +++ +++ +++ +++ 

7. W11 +++ +++ +++ +++ +++ 
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Table 8. Screening of W-isolates in liquid media under static lab conditions. 

S. No Isolates PAHs/ OD 600nm 
Anthracene Naphthalene Phenanthrene Acenaphthene Pyrene 

1. W1 0.09 0.101 0.210 0.110 0.826 
2. W2 0.290 0.185 0.180 0.123 0.494 
3. W5 0.139 0.158 0.126 0.110 0.336 
4. W8 0.110 0.167 0.121 0.131 0.600 
5. W9 0.170 0.125 0.101 0.114 0.253 
6. W10 0.258 0.120 0.112 0.121 0.284 
7. W11 0.282 0.07 0.668 0.257 0.327 

 

Growth of W-isolates on selected PAHs individually 

in liquid mineral media 

Growth of isolate W1 on the selected PAHs is shown in 

Fig.1. The highest growth OD value of 0.826 was 

observed on pyrene and 0.210 on phenanthrene. 

Growth of isolate W2 on the selected PAHs is shown in 

Fig.2. In case of isolate W2 on the growth OD was 

0.494 on pyrene and 0.290 on anthracene. Isolate W5 

on pyrene give a growth OD value of 0.336 among the 

selected PAHs is shown in Fig. 3. Highest growth was 

recorded for isolate W8 on pyrene with an OD value of 

0.600 among the selected PAHs is shown in Fig.4. 

The growth of isolate W9 on the selected PAHs was 

not significant as clear from the graph the lower OD 

values shown in Fig.5. Growth of isolate W10 on the 

selected PAHs were smaller as shown in Fig.6. 

Growth of isolate W11 was best on phenanthrene with 

OD value of 0.668 following by pyrene with 0.327 and 

lower for anthracene and acenaphthene with 0.258 

and 0.257 respectively as shown in Fig. 7. If we 

compare the growth pattern of these isolates on 

individual PAHs compounds, it is clear from the 

graph (Fig. 8) that W1, W2 & W8 were best on pyrene 

and W11 on phenanthrene. These isolates were 

selected for co-metabolism studies on the basis of 

best growth on single PAHs. 

 

 

Fig. 1. Growth of isolate W1 on selected PAHs in 72 

hours. 

 

Fig. 2. Growth of isolate W2 on selected PAHs in 72 

hours. 

 

 

Fig. 3. Growth of isolate W5 on selected PAHs in 72 

hours. 

 

 

Fig. 4. Growth of isolate W8 on selected PAHs in 

72hrs. 

0

0.2

0.4

0.6

0.8

1

B
a

c
te

r
ia

l 
g

r
o

w
th

 (
O

D
)

PAHs as growth substrate

0

0.1

0.2

0.3

0.4

0.5

0.6

B
a

c
te

r
ia

l 
g

r
o

w
th

 (
O

D
)

PAHs growth substrate

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

B
a

c
te

r
ia

l 
g

r
o

w
th

 (
O

D
)

PAHs growth substrate

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

B
a

c
te

r
ia

l 
g

r
o

w
th

 (
O

D
)

PAHs growth substrate



 

342 Nadia Bibi  

 

Int. J. Biosci. 2017 

 

Fig. 5. Growth of isolate W9 on selected PAHs in 

72hrs. 

 

 

Fig. 6. Growth of isolate W10 on selected PAHs in 

72hrs. 

 

 

Fig. 7. Growth of isolate W11 on selected PAHs in 

72hrs. 

 

 

Fig. 8. Comparison of growth of W-isolates on five 

selected PAHs individually after 72 hrs. 

Growth of isolates on mixture of selected PAHs 

The isolates with best growth on individual PAHs 

were subjected to mixture of PAHs as shown in Fig.9. 

isolate W1 showed very slow growth rate with an OD 

value of 0.225 after 168 hours of incubation. 

Maximum growth rate of isolate W8 on mixture of 

PAHs was observed after 72 hours with OD of 0.252 

as shown in Fig.10. On further incubation growth OD 

values drop to 0.229 and 0.072 after 120 and 168 

hours respectively. Growth OD value was smaller for 

isolate W11 on mixture of PAHs as shown in Fig.11. 

The growth of isolate W2 was highest on mixture of 

selected PAHs (Fig.12) and this isolate was selected 

for the further co-metabolism studies.  

 

 

Fig. 9. Growth of isolate W1 on mixture of PAHs. 

  

 

Fig. 10. Growth of isolate W8 on mixture of PAHs. 

 

 

Fig. 11. Growth of isolate W11 on mixture of PAHs. 
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Fig. 12. Comparison of growth pattern of isolates on 

mixture of PAHs. 

 

Co-metabolic degradation by isolate W2 

The growth pattern of isolate W2 on mixture of PAHs 

is shown in Fig.13. The growth rate was a bit slower 

between incubation period of 0-72hours. However, a 

two-three fold increase in growth rate was detected 

between 72hours with growth OD’s of 0.590 (after 

120hours) and 0.85 (after 168hours). The list of 

metabolites formed by isolate W2 analyzed through 

HPLC on comparison with authentic standards is 

summarized in Table 9.  

 

Table 9. Metabolites observed during HPLC analysis 

for isolate W2 during co-metabolism. 

Time in 
Hours 

HPLC Metabolites 

24 
Pyrenedihydrodiol 65.91% and 1-methoxy-
2,hydroxyanthracene 29.73% 

72 Catechol 64.05% and phthalic acids 31.44% 

120 
Benzocaumarin 32.89% and 1-hydroxy2-
naphthoic acid 63.37% Phthalic acid 32.03% 
and catechol 63.77% 

168 
Benzocaumarin 93.13% and traces of pyrene 
metabolites 

 

 

Fig. 13. Growth of W2 on mixture of five PAHs. 

Discussion 

Isolation and use of microorganism from the 

rhizospheric soil has long been in practice and are 

giving good results. But, sedimentation of PAHs in 

water bodies due to their persistence, researchers are 

now been targeting the microflora of aquatic 

environment for xenobiotics removal. Mangroves 

sediments contain 104-106cellsg-1 of aromatic-

degraders and these indigenous communities have a 

considerable potential to degrade oil components. 

Pollutant from fresh water as well as contaminated 

tidal water accumulates in Mangroves wetlands 

considered as significant sinks for pollutants. The 

spilled and stranded oils containing large amounts of 

polycyclic aromatic hydrocarbons (PAHs) would 

penetrate and accumulate in mangrove sediments 

(Guo et al., 2005). 

 

Four isolates show rich and three were moderate upto 

800ppm anthracene. With increasing concentration 

further upto 1200ppm only two isolates were best on 

anthracene. It is reported earlier that the isolation on 

anthracene in growth media during enrichment 

process were more adapted to degrade other PAHs. 

Adaptation processes, which occur as a result of an 

increase in the hydrocarbon-oxidising potential of the 

microbial community, allow the development of 

microbial populations with the ability to degrade 

PAHs (Macleod and Semple, 2006; Ye et al., 2011). 

Adaptation was carried out through changing PAHs 

concentration in the growth media. The bacterial 

isolates subjected to different concentration showed 

concentration dependent growth pattern. Adaptation 

of microbes is an important step prior to any 

degradation process as exposure to high quantity of 

contaminants can be lethal to bacterial system. With 

increasing concentration enhanced growth rate was 

observed on the media plates is an indication of 

adaptation of the isolates. Furthermore, the number 

of oil-degraders could be increased by oil addition is 

an indication that microbes can adapt themselves by 

rapid multiplication when comes in contact with 

contaminants in their vicinity. As previously reported, 

these adaptation processes, even though not fully 

understood, are considered to be controlled by a 
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number of contaminant and soil factors including the 

concentration of contaminant, interactions with the 

indigenous microbial populations and length of 

contaminated soil contact time. In addition, microbial 

populations may undergo bioavailability-induced 

adaptations, which serve to aid contaminated microbe 

interactions and thus increase contaminant bio-

accessibility (Kastner et al., 1998; Johnsen et al., 

2005). 

 

The screening media was changed from simplest 

nutrient agar to PNRG and then PNR with selected 

PAHs as the only carbon source showed that the 

growth of microbes is not affected by media. It is clear 

from this study, the enhanced growth rate was 

observed even after changing media from that 

containing an additional growth media (glucose) to 

one containing mineral PNR media with only PAHs as 

carbon source. The mechanism of adaptation depends 

not only, on the interaction of microbes with soil but 

with the amount of bioavailable contaminants as well. 

Previous exposure of indigenous microbes to PAHs 

can influence degradation capabilities, as suggested 

by a number of studies (Kastner et al., 1998; Sartoros 

et al., 2005; Puglisi et al., 2007; Ye et al., 2011). 

Naphthalene and phenanthrene biodegradation in 

soil always remain the main focus of research in 

terms of contaminants removal. The presence of one 

contaminant effect the accessibility of the other in a 

specified area as contaminants always exists in groups 

(Macleod and Semple 2006; Khan et al., 2006; 

Kumar et al., 2010). 

 

PAHs degradation on solid media cannot be carried 

out completely. It was observed during this study that 

the isolates able to assimilate 1200 and 1000ppm 

anthracene and pyrene respectively. In order to 

quantify the degradation ability of these microbes 

were screening in liquid media was carried out and it 

was observed that they these PAHs compounds as 

their sole carbon and energy source. When these 

isolates were subjected, to the three ringed and four 

ringed PAHs were found to lose the ability to grow 

even (Alias et al., 2011). Our isolate W1, W8 and W11 

showed best growth on pyrene and phenanthrene 

individually but, loss the ability to grow on PAHs in 

mixture. Unlike previously reported work on 

Sphingobium sp. was found to be capable of utilizing 

naphthalene and biphenyl individually carried out 

complete degradation of naphthalene and biphenyl 

within 72 and 96hours respectively. However, growth 

was not observed on the possible metabolites of 

naphthalene and phenanthrene like 3-hydroxy-2-

naphthoic acid, phthalic acid, protocatechuic acid, 

gentisic acid and catechols (Roy et al., 2013). 

 

During this study our isolate W2 form pyrene-dihydrodiol 

(65.91%) and 1-methoxy-2, hydroxyanthracene (29.73%), 

after 48hours of incubation. The latter is the possible 

metabolite of anthracene as previously reported 

(Neelofur et al., 2014). Phenanthrene and 

naphthalene degradation was carried out completely 

removed from the media in 72hours. Detection of 

catechols (64.05%), phthalic acids (31.44%) and 

benzocaumarin (32.89%) can be the possible 

metabolites of two and three ring PAHs compound by 

bacteria. 1-hydroxy-2- naphthoic acid (63.37%) were 

formed after 96 and 120hours respectively indicates 

that degradation was carried out through phthalic 

acid pathway. A small increase in production of 

phthalic acid (32.03%) and catechol (63.77%) were 

detected on further 24hours incubation as reported 

earlier (Khan et al., 2015). Pseudomonas from 

municipal was capable of degrading phenanthrene as 

sole sources of carbon and energy and the metabolic 

pathways involved in the degradation of phenanthrene 

is also reported previously. Production of 1-hydroxy-2-

napthoic acid, 1, 2-di-hydroxyanthracene and 

pyrenequinone by our isolates W2 are the 

characteristic products of the PAHs oxidation by 

Bacillus sp. These metabolites were also detected by 

Pseudomonas isolated from municipal wastes that 

was capable of degrading phenanthrene (Joner and 

Leyval, 2003).  

 

After 168hour benzocaumarin (93.13%) and traces of 

pyrene metabolites were detected during the 

degradation of the PAHs mixture the compounds 

identified were pyrene dihydrodiol and methoxy-2-

hydroxyanthracene. 
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This shows that the further incubation products 

benzocaumarin, salicylaldehyde and phathalic acid 

and catechols recovered may be produced from 

pyrene after 168hours. Production of benzocaumarin 

and traces of pyrene metabolites were detected in this 

study are already reported from a no of studies during 

co-metabolism of PAHs (Fu-min et al., 1993; 

Herwijnen et al., 2003; Garcia et al., 2004; Rodrigo 

et al., 2005; Mallick et al., 2007; Neelofur et al., 

2014).  

 

Conclusion 

It can be concluded from the present study, that 

sewage waste water contains bacteria capable of 

PAHs. These isolate can be adapted on solid media for 

degradation of high molecular weight PAHs like 

pyrene. Bacterial isolates can degrade PAHs on solid 

media but, when studied for quantitative study in 

liquid mineral media were unable to utilize these 

contaminants. Isolates which cannot degrade certain 

PAHs compound individually can completely convert 

to phathalic or catechol during co-metabolism. 
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