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Abstract 

 

A strain of Pseudomonas aeuriginosa MTCC 4997 isolated newly from effluents collected from 

petrochemical industries. The isolated strain was optimized for various operational and environmental 

conditions in batch culture. This strain was utilizes phenol as a sole source of carbon and energy, capable 

of degrading phenol up to 1400 mg l
-1

 concentration within 144 h.  Complete degradation was observed at 

wide temperature from 15
0
C to 45

0
C with an optimum of 37

0
C and pH 6.0 to 10.5 with an optimum of 7.0 to 

7.5. Metals such as Fe, Cd, Cu, Pb, Zn, Mn and Ba at lower concentrations were found stimulated and 

enhanced the rate of phenol degradation. Therefore, the phenol degradability of the strain can be 

maintained and used at large scale treatment. 
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1. Introduction 

 

Phenols are common components of industrial 

streams from pulp mills, coal mines, gasoline, 

petrochemicals, wood preservation plants, 

pesticides, insecticides, herbicides, detergents, 

solvents, polymeric resin production, plastic, 

rubber-proofing, disinfectants, pharmaceutical, 

metallurgical, explosive, textile, color, coffee 

industries, domestic wastes, agricultural run-off, 

and chemical spills  (Bulbul  and Aksum, 1997; 

Aksum and  Yener, 1998; Gupta et al,. 1998; 

Loh and Wang, 1998; Sung et al. 2000).  

Phenolics constitute 11 of the 126 chemicals, 

which have been designated as priority pollutants 

by the United States Environmental Protection 

Agency (Caturla et al. 1998).  The presence of 

phenols in drinking and irrigation water 

represents a serious health hazard for humans, 

animals, plants, and microorganisms (Salonen et 

al., 1989; Sharma et al,. 1997).  

Phenol is water-soluble and highly 

mobile, eventually reaches downstream water 

source where, even at very low concentration, it 

can cause severe odor and taste problems.  

Various regulatory bodies have imposed strict 

limits on the phenol concentration in industrial 

discharge streams (Singleton, 1994).  As a 

consequence, it is necessary to treat phenolic 

wastewater before disposing into stream, so as to 

reduce the phenol content to a standard value or 

less than 1 ppb, as described by the EPA.  

Traditionally, phenol and its derivatives have 

been removed from industrial effluents by 

physico-chemical methods, but recently 

developed biodegradation techniques have the 
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potential to mineralize these toxic compounds 

completely at relatively low processing costs 

(Bux et al,. 1999; Zumriye et al,. 1999) and rare 

possibility of secondary pollution (Wang et al,. 

2000).  Hence, removal of phenol from industrial 

aqueous effluents is of great practical 

significance for environmental protection. 

We have isolated a novel strain of 

Pseudomonas aeuriginosa MTCC 4997 from the 

petrochemical manufacturing industrial 

wastewater, utilized phenol as a sole source of 

carbon and energy.  The main goal of this paper 

is to isolation of high concentration of phenol 

degrading bacteria and characterization of phenol 

degradation process. 

2. Materials and Methods 

2.1 Bacterial strain and culture media 

 
The phenol degrading new strain P. aeuriginosa 

MTCC 4997 used in this study was isolated from 

effluents collected from petrochemical industries 

near Mumbai, India by enrichment technique on 

phenol (Kotresha 2005).  The efficient bacterium 

was identified based on the cultural, 

physiological, and biochemical characteristics 

using the Bergey’s Manual of Determinative 

Bacteriology.  Further strain level identifications 

were carried out at the Institute of Microbial 

Technology (IMTECH), Chandigarh, India. 

The growth medium consisted of the 

following components:  K2HPO4, 6.3 g l
-1

; 

KH2PO4, 1.82 g l
-1

; NH4SO4, 0.1 g l
-1

; MnSO4, 

0.1 g l
-1

; CaCl2, 0.1 g l
-1

; MgSO4, 0.1 g l
-1

; and 

Na2MO4, 0.006 g l
-1

.  Agar plates were prepared 

by adding 15 g of agar per liter of growth 

medium.  Culture media were sterilized at 121
0
C 

for 20 min.  Phenol was added after sterilization.  

Liquid cultures were grown in Erlenmeyer flasks 

of 250 ml containing 100 ml of the medium. 

 

2.2 Inoculum development 

 

A loopful of pure bacterial culture was 

inoculated into 100 ml of mineral salt medium 

containing 500 mg phenol in 250 ml of 

Erlenmeyer flasks, incubated at 37
0
C at 120 rpm 

shaking speed until optimum growth and used 

the culture as an inoculum. 

 

 2.3 Standardization of parameters 

 

Keeping all other parameters constant, the effect 

of different phenol concentrations (100 mg l
-1

 to 

2000 mg l
-1

), temperatures (15
0
C to 50

0
C) and 

pH (4 to 12) on phenol degradation was 

determined. pH of the medium was maintained 

by adding 0.2 M buffer solutions (Acetate buffer 

from pH for 4.0 to 6.5, phosphate buffer pH 7.0 

and 7.5, Tris HCl buffer for pH 8.0 and glycine-

NaOH buffer for pH 8.5 to 12.0).  The effect of 

heavy metals viz. nickel, zinc, mercury, lead, 

copper, cobalt, cadmium, iron, manganese and 

barium at 0.025 mM, 0.1mM, 0.2 mM, 0.4 mM, 

1.0 mM, 1.5 mM and 2.0 mM concentrations on 

phenol degradation was determined.  

2.4 Analysis of phenol 

 
The phenol concentration in the sample was 

determined by using 4-aminoantipyrine method 

(Folsom et al. 1990).  10 ml of reaction mixture 

containing 9.8 ml of distilled water, 100 l of 

sample, 25 l of 2% 4-aminoantipyrene and 50 

l of 2 M ammonia were mixed well and added 

25 l of 8% potassium hexacyanoferrate (III).  

The absorbance at 500 nm was measured and 

compared with phenol standards. 

 

3. Results 

 

3.1 Strain identification  

 
Bacterial strain more efficient in phenol 

degradation was identified as P. aeruginosa 

MTCC 4997 (Table 1). The cellular morphology 

and presence of individual small rod shaped cells 

were determined with light and transmission 

electron microscopy. This strain was growing 

broad range temperature 15
 o

C to 45
 o

C and pH 

from 5 to 11 and up to 5% NaCl concentration. 

P. aeruginosa MTCC 4997 was an aerobic, 

Gram-negative, with florescent, oxidase positive, 

catalase positive, nitrate reduction positive. Acid 

production from various carbohydrates such as 

arabinose, dextrose, fructose, galactose, 

mannitol, xylose also were tested. 

 

3.2 Optimization of phenol degradation process 

 
P. aeruginosa MTCC 4997 was capable of 

degrading phenol completely up to 1400 mg L
-1

 

concentration within a period of 144 h. The rate 

of degradation was faster up to 1000 mg L
-1

 

concentration and this onwards, a significant 

decrease in the rate of degradation was observed 

(Fig. 1). 100% degradation was observed from 

15
 o

C to 45
 o

C with an optimum of 35
 o

C. A very 

slow degradation rate was observed at 15
 o

C 
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required almost 102 h for 100% degradation. 

Above 45
 o

C showed incomplete degradation 

even after extended incubation period (Fig. 2). 

The range of pH 6.0- 10.5, pH 7.0 and 7.5 were 

found to be optimum. Below pH 6.0 and above 

10.5, 100% degradation was not achieved (Fig. 

3). Out of ten metals tested, Hg at 0.025 mM and 

0.05 mM concentrations required 108 h and 156 

h for the complete degradation of phenol.  From 

0.1 mM onwards, the degradation was found 

incomplete. With Co and Ni, complete 

degradation was recorded up to 0.2 mM 

concentration. The rate of phenol degradation 

was enhanced from 0.025 mM to 0.2 mM 

concentrations of Zn, from 0.025 mM to 0.1 mM 

concentrations of Mn, from 0.025 mM to 0.05 

mM concentrations of Fe and Cu and at 0.025 

mM concentration of Cd and Ba, Fe, Cd and Cu 

up to 1.0 mM concentration and Pb, Zn, Mn and 

Ba up to 2.0 mM concentration showed complete 

phenol degradation (Fig. 4).   

 

4. Discussion 

 
The effects of various initial concentrations of 

phenol was used for examine the phenol 

degradation by P. aeruginosa MTCC 4997.  This 

strain was found able to degrade phenol up to 

1400 mg L
-1 

within 144 h.  This finding reveals a 

higher degradation as compared to earlier reports 

(Chung et al. 2003; Abuhamed et al. 2004; 

Paraskevi et al. 2005; Yang & Lee, 2007; 

Kotresha & Vidyasagar, 2008). Effect of 

temperature on phenol degradation was observed 

between wide temperature ranges of 15
 o

C to 45
 

o
C, optimum was of 35

 o
C.  The temperature 

might have an equivalent or larger role than 

nutrient availability in degrading organic 

pollutants (Margesin & Schinner, 1997). 

According to Pakula et al. 1999) the rate of 

phenol biodegradation was significantly 

inhibited at 30
 o

C.  Most laboratory studies on 

phenol degradation, however, have been carried 

out at an optimum temperature of 30
 o

C 

(Paraskevi et al. 2005; Annadurai et al. 2002).  

Temperature increased beyond 30
 o

C and 34
 o

C, 

no phenol degradation observed due to cell decay 

(Chitra, 1995; Annadurai et al. 1999). However, 

P. aeruginosa MTCC 4997 in this study showed 

phenol degradation up to 45
 o

C. It has often been 

noted that pH play an important role in 

biodegradation processes (Pritchard et al. 1987). 

P. aeruginosa MTCC 4997 was found capable of 

degrading phenol completely within the pH 

range of 6.0 to 10.5 with an optimum of 7.0 to 

7.5.  The internal environment of all living cells 

is believed to be approximately neutral.  Most 

organisms cannot tolerate pH below 4.0 or above 

9.0 (Kim & Armstrong, 1981). At low (4.0) or 

high (9.0) pH values, acids or bases can 

penetrate into cells more easily because they tend 

to exist in undissociated forms under these 

conditions and electrostatic force cannot prevent 

them from entering the cells (Chitra, 1995; 

Annadurai et al. 1999; Kim & Armstrong, 1981; 

Robertson & Alexander, 1992).  

Among the ten metals tested, Hg was 

more effective declined the rate of phenol 

degradation at 0.025 mM and 0.05 mM 

concentration as compared to control. Chun-wei 

& Barbara (1996) reported similar results where 

phenol biodegradation was most sensitive to 

added Hg (II). At 0.1 and 0.7 ppm of Hg, phenol 

degradation decreased.  Higher concentrations of 

Hg (II) were associated with extended 

acclimatization time followed by rapid 

degradation suggesting adaptation to Hg (II), 

perhaps via removal of transformation of Hg (II) 

by mercury resistant bacterial species (Barkay, 

1987).  The rate of phenol degradation was 

enhanced from 0.025 mM to 0.2 mM 

concentrations of Zn, from 0.025 mM to 0.1 mM 

concentrations of Mn, from 0.025 mM to 0.05 

mM concentrations of Fe and Cu and at 0.025 

mM concentration of Cd, and Ba, Fe, Cd and Cu 

up to 1.0 mM concentration and Pb, Zn, Mn and 

Ba up to 2.0 mM concentration showed complete 

phenol degradation.  However, the metals such 

as, Fe, Cd, Cu, Pb, Zn, Mn and Ba at lower 

concentrations were found stimulated and 

enhanced the rate of phenol degradation in the 

present investigation.  Similarly,  reported in the 

presence of Cd (II), Cu (II) and Cr (VI) at 0.01 

ppm increased the degradation of benzoate, 2-

Chlorophenol and both phenol and benzoate 

(Chun-wei & Barbara, 1996). 

Phenol at high concentration is toxic to 

microorganisms, plants and animals including 

human beings. In spite of the physical and 

chemical methods in use, the microbial 

degradation of toxic xenobiotics is gaining 

importance. Naturally occurred strain P. 

aeruginosa MTCC 4997 was found to be well 

suited to phenol degradation process in which 

substrate concentration, temperature, pH, heavy 

metals can be monitored and controlled easily. 

Confer to this strain a remarkable potential for its 

application in bioremediation and wastewater 

treatment, especially detoxification of phenolic 

wastes. 
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Table.1. Cultural and biochemical characteristic features of P. aeurigenosa (MTCC 4997). 

 

Tests               

 

 

Observation 

 

Morphology  

Form 
Rods 

Cell grouping Individuals 

Size Short 

Gram’s stain Gram-negative 

Motility Motile 

Endospore - 

Cultural 

 

Agar cultures Round, Entire, Convex smooth 

Mac Conkey agar Positive 

Growth on nutrient or LB broth ++ 

Fluoresence (UV) + 
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Physiological test 

 

Growth temperature 

 

5 
0
C - 

45 
0
C ++ 

pH range of growth 5-11 

Relation to free oxygen Aerobic 

Growth on NaCl (%) Up to 5% 

Biochemical tests 

 

Indole test - 

Methyl Red test - 

Voges proskauer test - 

Citrate utilization + 

Gas production from Glucose - 

Casein hydrolysis + 

Starch hydrolysis - 

Urea hydrolysis + 

Nitrate reduction + 

Nitrite reduction  

H2S production - 

Cytochrome oxidase test + 

Catalase test + 

Oxidation / fermentation  Oxidative 

Gelatin liquefaction + 

Arginine dihydrolase + 

Lycine decarboxylase - 

Ornithine decarboxylase - 

++ Good growth; + Moderate growth; - No growth 
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Acid production from carbohydrates 

 

Adonitol - 

Arabinose + 

Cellobiose - 

Dextrose + 

Dulciton - 

Fructose + 

Galactose + 

Inositol - 

Insulin - 

Lactose - 

Maltose - 

Mannitol + 

Raffinose - 

Rhamnose - 

Salicin - 

Sorbitol - 

Sucrose - 

Trehalose - 

Xylose + 

+ Present; - Absent 
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Fig. 1. Effect of phenol concentration on phenol degradation by P. aeuriginosa (MTCC 4997). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Effect of temperature on phenol degradation by P. aeuriginosa (MTCC 4997) 
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Fig. 3. Effect of pH on phenol degradation by P. aeuriginosa (MTCC 4997) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Effect of heavy metals on phenol degradation by P. aeuriginosa (MTCC 4997) 
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