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ABSTRACT 
Phenol is one of the most hazardous pollutants present in industrial effluent. It is of considerable 
health concern even at low concentration. Phenolic waste water produced by the various 
processes also cause a major impact on the aquatic ecosystem. The increasing toxicity of phenol 
has become an alarming reason for its treatment. There are many conventional methods 
(chemical and physical) for the treatment of phenolic wastes. But they suffer from the problem 
of secondary effluent and hazardous by-products. Therefore in recent years much emphasis is 
being given to develop simple and reliable methods which can evaluate the degree of pollution.  
Biological treatment using microorganisms has proved to be the most attractive and successful 
process in the current scenario. This can completely degrade the phenol with no harmful end 
product. The present study was undertaken to check the efficiency of microorganisms like 
Pseudomonas putida NCIM 2650, Pseudomonas aeruginosa NCIM 2074 and mixed culture 
(collected from industrial effluent) for the biodegradation of phenol. The whole process was 
carried out in shake flask batch culture using different concentrations of phenol varying from 
100-1250 ppm. Results suggest that under optimum conditions of temperature i.e. 30°C, pH 7.0 
and 150 rpm Pseudomonas aeruginosa proved to be an efficient host for phenol degradation 
with a degrading potential of 1250ppm.  
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INTRODUCTION 

Waste water released from various industries has 
become a major concern for environmentalists. 
Industrial effluents contain various toxic metals, 
harmful gases and several organic and inorganic 
compounds. Both the quality and quantity of 
effluent result in various impacts on the 
availability of good quality water as well as on 
marine environment. Due to the discharge of 
these toxic effluents, there has been a major loss 
in the ecological, social and economic 
perspective. The long-term consequences of 
exposure also cause fatal diseases like cancer, 
delayed nervous responses, mutagenic changes, 
neurological disorders etc.1  

Phenol is a major pollutant included in the list of 
EPA (1979). Aqueous phenolic effluents are 
relatively common in industrial wastes, being 
produced from several industries and operations  

such as petroleum refineries, gas and coke oven  
industries, phenolic resins, explosive manu-
facture, plastic and varnish industries, textiles 
units using organic dyes and smelting and related 
metallurgical operations.2-6 Acute exposure of 
phenol causes central nervous system disorders. 
Acute exposure of phenol can result in 
myocardial depression. Phenol causes a burning 
effect on skin. It can also cause hepatic damage.7-

10 In these perspectives central pollution control 
board set the minimum permis-sible level for 
phenol in environment as 0.05 to 0.1mg/l. 
In order to remove the pollutant from effluent, 
expensive chemical and physical processes like 
ozonization, adsorption, ion exchange, memb-
rane filtration, chemical oxidation etc are    
used.11-15 Most of these processes are high energy 
consuming, non economic and release effluent 
waste water which is detrimental to the enviro-
nment. Recently biotechnological processses 
have  been  reported  as  an alternative to these  *Author for correspondence 
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complex and expensive treatment methods. 
Biological methods are simple as well as eco-
friendly and have the potential to completely 
reduce and degrade the pollutants under aerobic 
or anaerobic conditions at relatively low capital 
and operating cost. 
Biodegradation 
Biodegradation is the process of decaying or 
reduction of different organic materials and toxic 
metals to their non toxic form with the help of 
microorganisms. In this process complete 
mineralization of the starting compound to 
simpler ones like CO2, H2O, NO3 and other 
inorganic compounds takes place.16 
Biodegradation is a microbial process in which 
nutrients and physical conditions plays important 
role. Temperature and pH are the important 
physical variables and carbon, nitrogen, oxygen, 
phosphorus, sulfur, calcium, magnesium, and 
several metals are the micronutrients that also 
show a significant impact on degradation 
behavior is reported.17 
Mechanism of biodegradation 
Most of the efficient phenol degrading 
microorganisms are capable of using phenol as 
the sole source of carbon and energy for their 
growth and metabolism. Microorganisms 
capable of degrading phenol do so with the 
action of a variety of enzymes. They first convert 
Phenol to catechol with the help of hydroxylase 
enzyme. Catechol is then degraded to its 
intermediates via ortho or meta cleavage with the 
help of another set of enzymes. The enzyme 
catechol 2, 3 dioxygenase cuts the benzene ring 
of catechol at the meta position and the enzyme 
catechol 1, 2 dioxygenase cuts the benzene ring 
at the ortho position. The intermediates released 
trough ortho and meta cleavage are finally 
consumed by the microbes with the help of 
various enzymes through the TCA cycle 
resulting in CO2, metabolites and energy.18-20 

 
 

MATERIAL AND METHODS 
Microorganisms 
The strains of Pseudomonas putida and 
Pseudomonas aeruginosa were obtained from 
NCIM  Pune,  India  in  form  of  slant  and were  

stored at 4⁰C till further use. Effluent was 
collected from waste treatment plant of rourkela 
steel plant and a mixture of microorganisms was 
isolated from that and was stored at 4⁰C till 
further use. 
Maintainance of microorganisms 
The microorganism was maintained on the 
medium containing: beef extract 1.0 g/L, yeast 
extract 2.0 g/L, peptone 5.0 g/L, NaCl 5.0 g/L 
and agar 15.0 g/L. The slants were then stored in 
the incubator at 30°C for 24 hr. The slants were 
store at 4°C till further use.19-21 
Inoculum preparation 
In order to prepare the 100ml liquid culture 5% 
overnight grown cells were incubated to the 
liquid media of above media composition with 
different concentration of phenol and kept in 
temperature controlled shaking incubator at 120 
rpm for 24 hr at 30⁰C. pH should be adjusted to 7 
in regular interval of time.17 The experimental 
studies were carried out in the shake flask under 
pertinent process variables. Glucose and peptone 
were used as primary carbon and nitrogen 
sources. For degradation study different 
concentrations of phenol was added as a carbon 
source. 
Experimental design to study the degradation  
The experimental studies were carried out in the 
shake flask as batch reactor under pertinent 
process variables. 100 mL batch volume was 
taken in each of the experiment and kept in 
temperature controlled orbital shaker. The 
composition of the medium was given as 1 g 
glucose, 1.25g peptone, 0.01 g CaCl2.2H2O, 1 g 
K2HPO4, 0.01 g FeSO4.7H2O, 0.5 g 0.5 g 
MgSO4.7H2O, 0.5g KH2PO4, 0.25 g NaCl, 1.5 g 
(NH4)2SO4 were dissolved in 1000 mL of 
distilled water. The cultures were rotated at 120 
rpm in temperature controlled shaker. 
Study in shake flask 
The experimental studies were carried out in the 
shake flask as batch reactor under pertinent 
process variables. 100 mL of batch volume was 
taken along with different concentration of 
phenol in each of the experiment in which 5% of 
overnight cultured cells were inoculated and kept 
in temperature controlled orbital shaker at 30°C 
in 130 rpm at pH 7 for different time intervals. 
The 5% microorganisms were taken from an 
overnight acclimatized culture were transferred  

                             P. putida             Energies+ 
Phenol + Oxygen                 metabolites+ Electrons 
                             Oxidation      
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to the liquid media containing different 
concentrations of phenol for degradation study. 
This acclimatization was done for the 
microorganisms to acclimatize the individual 
microbes to phenol. In the phenol acclimatization 
procedure very less amount of glucose with 
phenol was added to the media for the initial 
growth of the microorganisms. So the 
microorganisms started consuming phenol as the 
sole source of carbon as soon as the glucose was 
depleted by this method microbes were made 
more adaptable to phenol. Phenol-degrading 
bacteria are required to be adapted to the 
phenolic environment. During acclimatization 
process certain enzymes in the bacteria are 
induced so that they are available for taking part 
in the metabolism reaction. This is much more 
important when dealing with toxic compounds 
such as phenol at high concentrations. 
The degradation rate is dependent on the 
nutrients in which the glucose played a major 
role. It is used by the phenol degrading 
microorganism for their initial growth and slowly 
they started consuming phenol. The added 
minerals also influenced the growth of organism 
and enhanced the degradation. 
The biomass concentration was observed in a 
spectrophotometer by using OD at 600nm. The 
rpm and temperature were maintained at 120 rpm 
and 30°C respectively for each set of 
experiments. The degradation was observed at 
regular interval of time for both phenol 
degradation and each time the pH was adjusted 
to 7 for optimum growth of the microorganisms 
and also for better degradation. The degradation 
of phenol was studied at 510 nm in a 
spectrophotometer by knowing the phenol 
concentration using 4-amino antipyrine method 
at different lengths of time. Each concentrations 
of phenol level for the microbes were repeated 
twice or thrice to get the best result. Data for the 
phenol degradation were obtained at regular 6 
hour interval of time. Also the data for biomass 
concentration in terms of OD were obtained at 
regular 3 hour interval of time.  
Phenol estimation by 4-amino antipyrine 
method 
The degradation of phenol was estimated at 510  

nm in a spectrophotometer using 4-amino 
antipyrine method.  In this method phenolic 
material reacts with 4-amino antipyrine in the 
presence of K3 Fe(CN)6 at a pH of 10 to produce 
a purple-red coloured end product whose 
absorbance is to be checked in the 
spectrophotometer at 510 nm.17 
Biomass study  
1 ml culture was taken in a 1.5 ml centrifuge tube 
and allowed to centrifuge at 10,000 rpm for 5 
minutes. The supernatant is discarded and the 
pellet is washed by taking 1 ml distilled water. 
The pellets were washed with distilled water 
several times and the optical density of bacterial 
cell suspension was determined by turbid metric 
measurement in a spectrophotometer at 600 nm 
by taking distilled water as blank. 

RESULTS AND DISCUSSION 
The experimental studies were carried out in the 
shake flask as batch reactor under pertinent 
process variables. 100 mL batch volume was 
taken along with different concentration of 
phenol in each of the experiment in which 
overnight cultured 5% of cells were incubated 
and kept in temperature controlled orbital shaker. 
Microorganisms were withdrawn from the 
degraded sample and incubated in same 
concentration of phenol for overnight  and used 
for the next higher concentrations set of 
experiments. 
The biomass concentration was observed in a 
spectrophotometer at 600nm. The rpm and 
temperature were maintained at 120rpm and 
30°C respectively for each set of experiments. 
The degradation was observed every 6hr time 
interval and each time the pH was adjusted to 7 
for optimum growth of the microorganisms and 
for better degradation of phenol. The degradation 
of phenol was studied at 510nm in a 
spectrophotometer by knowing the phenol 
concentration using 4-amino antipyrine method. 
The degradation rate was dependent on the 
nutrients in which the glucose played a major 
role. It was used by the micro organism for their 
initial growth and slowly it started to consume 
the phenol as a carbon source for their growth.  
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So for the growth of micro organism at initial 
it needed simple sugar like glucose for their 
mass multiplication and growth. The added 
minerals were also influence the growth of 
organism and it also increased the degradation 
rate.17-22 
The degrading capacity of mixed culture micr-
oorganism is less than single microorganisms 
because in mixed culture more than one 
microbes are there in the media so growth 
phase of some microbes must be faster than the  
 

others. The microbes which grow faster than 
others produce acidic byproducts which inhibit 
the growth of the other microorganisms present. 
So the degradation is less in mixed culture of 
microorganisms.22,18 In shake flask phenol 
degradation using mixed culture the maximum 
phenol degradation can be possible upto 
750ppm.  By repeated experiments it was found 
that they can completely degrade the phenol upto 
this ppm only. It failed to degrade phenol 
concentration of 1000 ppm as shown in Fig. 1.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Phenol degradation by mixed culture of microorganisms 

Pseudomonas putida is the widely used host 
for biologically phenol degradation processes 
whether it’s a shake flask or bioreactor. The 
degrading capacity is high with respect to other 
microbes as shown in Fig. 2. It can degrade 
phenol upto a concentration of 1000 ppm in 
shake flask found from the repeated experiments. 
It failed to degrade phenol concentration of 1250  
 
 
 

ppm Pseudomonas aeruginosa is another widely 
used host for biologically phenol degradation 
processes. Fig. 3 shows the degradating capacity 
of Pseudomonas aeruginosa is very high than 
other microbes normally used for phenol 
degradation purposes. It has a capacity of 
degrading phenol upto a concentration of 1250 
ppm in shake flask experiment. It failed to  
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Phenol degradation by P.putida 
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Fig. 3 : Phenol degradation by P.aeruginosa 

degrade phenol concentration of 1500 ppm. The 
data obtained were obtained at 6 hour intervals. 
At every 6 hours phenol concentra-tion was 
checked and pH was adjusted to 7. Other 
optimum conditions like 30ºC and 120 rpm was 

maintained throughout the experiment. Biomass 
growth of all the microorganisms was studied 
under optimum conditions and at different 
concentration of phenol. OD of the broth was 
taken at regular intervals of time at 600nm. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 4 : Biomass growth of mixed culture in different phenol concentrations 

 

 

 

 

 

 

 

Fig. 5 : Biomass growth of P.putida in different phenol concentrations 
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Fig. 4 to Fig. 6 show that at higher phenol 
concentration i.e. 750, 1000 and 1250 ppm an 
extended lag phase is observed due to toxic effect 
of phenol on the growth of the microorganisms. 
Lag phase has been observed up to 30 hours and 
thereafter up to 90 hours it follows log phase. 
Further it becomes stationary. At each of the 
initial phenol concentrations there was a period 
of lag phase where the substrate consumption 

was slow which later becomes faster in the  
exponential growth period and  further becomes 
stationary and growth slows down which 
confirms that the substrate was completely 
consumed. The increase in lag time depended on 
the inoculums size and on the inhibition constant. 
The time required to reach stationary phase goes 
on increasing as the initial phenol concentration 
increases.21-24 

 

 

 

 

 

 

 

Fig. 6 : Biomass growth of P.aeruginosa in different phenol concentrations 

CONCLUSION 
In this experiment efficiency for biodegradation 
of phenol at different concentrations were 
checked using three microorganisms like 
Pseudomonas putida NCIM 2650, Pseudomonas 
aeruginosa NCIM 2074 and mixed culture 
(collected from industrial effluent). The above 
study revealed that Pseudomonas aeruginosa is 
the most efficient host for biological phenol 
degradation using batch culture. From the 
biomass study it was observed that an extended 
lag phase was observed due to toxic effect of 
phenol on the growth of the microorganisms and 
also the time required to reach stationary phase 
goes on increasing as the initial phenol 
concentration increases The most suitable age of 
the inoculums was an overnight culture and 
volume of the inoculums for highest phenol 
degradation was found to be 5%. The optimum 
experimental conditions were 30°C, pH 7.0 and 
120 rpm which were maintained throughout. 
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