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ABSTRACT 
Phenol and chromium are the two major pollutants being discharged in the effluents of various 
industrial operations. Individual and simultaneous degradation of phenol and chromium was 
studied in the presence of two indigenous bacterial strain of Pseudomonas putida (MTCC 1194) 
and Escherichia coli (NCIM 5051) respectively. The optimum conditions for maximum 
degradation of both the pollutants are temperature 300C, pH 7, inoculum volume 5%, shaking at 
130 rpm, with peptone and dextrose as nitrogen and carbon source respectively. At optimized 
process conditions the Pseudomonas putida (MTCC 1194) effectively degrades a maximum 
1000 ppm of phenol in (70 –72) hours and Escherichia coli (NCIM 5051) degrades a maximum 
40 ppm of Cr(VI) in (40 – 42) hours. The simultaneous degradation of phenol and chromium by 
the co-culture of microorganisms is also studied at various phenol and chromium concentration 
of 500 and 750 ppm of phenol and (5, 10 and 15) ppm of Cr(VI) respectively. The results 
indicate that the pollutants were successfully reduced to their permissible limits. This is a green 
method of treatment which produces no harmful by product thus can be considered as an eco-
friendly method for the treatment of industrial waste water. 
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INTRODUCTION 
Industrial waste water has become a major 
concern for environmentalists now days. 
Industrial effluents released by various industries 
are rich in contaminants such as toxic metals, 
harmful gases, and several organic and inorganic 
compounds. These effluents are often directly 
poured into the river without any pre-treatment. 
However, a major portion of the Indian 
population still depends on open water systems 
and is therefore directly exposed to these 
effluents. Two major contaminants that are of 
great environmental concern and are present in 
most of the industrial effluents are phenol and 
chromium. Industries like metal finishing, 
petroleum refining, iron and steel industries, 
textile manufacturing and electroplating, leather 
tanning, metal plating release chromium in their 
effluents.3-6 Chromium is a heavy metal and 

hexavalent chromium Cr(VI) compounds are 
considered to be highly toxic to living 
organisms.6,7 Long term exposure to Cr(VI) is 
known to cause fatal diseases like cancer, 
delayed nervous responses, mutagenic changes, 
neurological disorders etc. The central pollution 
control board has fixed the minimum permissible 
limit of Cr (VI) at 0.1 mg/l. Phenol is another 
major pollutant present in the industrial effluents 
and included in the list of EPA (1979). Aqueous 
phenolic effluents are relatively common 
industrial wastes, being produced in several 
industries and operations such as petroleum 
refineries, gas and coke oven industries, phenolic 
resins, explosive manufacture, plastic and 
varnish industries, textiles units using organic 
dyes and smelting and related metallurgical 
operations.8-12 Acute exposure of phenol causes 
central nervous system disorders, myocardial 
depression and burning effect on skin.13-15 In 
these perspectives central pollution control board  *Author for correspondence 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 03, January-March 2015 

531 
 

set the minimum permissible level for phenol in 
environment as 0.05 to 0.1mg/l. There are many 
physical and chemical treatment methods like 
ozonization, adsorption, ion exchange, 
membrane filtration, chemical oxidation etc.16-19 
They are available for the removal of both 
phenol and chromium but all these methods have 
problems associated such as secondary effluent, 
hazardous and harmful end products, high energy 
consuming, non economic etc. These problems 
can be overcome by the use of biological 
treatment methods which are simple as well as 
eco-friendly and economic processes where 
complete removal of the pollutants is possible 
without producing any harmful end products that 
can lead to another environmental issue. Various 
researchers have reported the biological 
degradation of phenol using phenol degrading 
microorganisms under optimum 
conditions.13,15,20,21 Similarly reduction of various 
chromium concentrations is also studied by 
researchers and the time taken for its complete 
reduction was studied at different time duration 
under optimized process conditions.22-24  The 
present work is chiefly on biological degradation 
of phenol and Chromium using indigenous 
bacterial strain of Pseudomonas putida (MTCC 
1194) and Escherichia coli (NCIM 5051) 
respectively. These cultures were exposed to 
increasing concentrations of phenol and 
chromium respectively to acclimatize them to 
high concentrations of phenol and chromium 
respectively and to increase their potential of 
degradation. The different parameters in the 
degradation process like pH, temperature, carbon 
source, nitrogen source and inoculum volume 
were also optimized for individual organisms. 
These optimized conditions were used for 
individual and simultaneous degradation of 
phenol and chromium using single and co-culture 
of microorganisms in shake flask study. This 
study can be beneficial for removal the two 
contaminants and can be helpful in bring down to 
its permissible limits. 

MATERIAL AND METHODS 
Microorganism 
The microbial cultures of Pseudomonas putida 
MTCC (1194) and Escherichia coli NCIM 
(5051) were obtained from MTCC Chandigarh 
and    NCIM   Pune   respectively.  The  micro- 

organisms were 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 at pH 7. Then the slants were 
stored at 40C for further use. 
Chemicals 
Pure and analytical grade chemicals from 
Merck, India were used throughout the 
experiments including media preparation for 
growth and analysis of phenol and chromium.  
Degradation study in shake flask 
The experimental studies were carried out in 
the shake flask as batch reactor. 100 ml of 
batch volume was taken along with different 
concentrations of phenol and Cr(VI) in each of 
the experiment in which 5% of overnight 
cultured pre acclimatization bacterial cells of 
phenol degrading Pseudomonas putida 
(MTCC 1194) and Cr(VI) reducing 
Escherichia coli (NCIM 5051) were inoculated 
and kept in temperature controlled orbital 
shaker at 30°C in 130 rpm at pH 7 for different 
time intervals. Degradation potential of 
individual and simultaneous degradation of 
both the pollutants using the co-culture of 
these microbial cultures was studied. The 
optimized process parameters such as pH, 
temperature, carbon source, nitrogen source, 
inoculum volume and age were maintained 
though out the study. The media containing for 
both the microorganisms were used.  
Media optimization 
The maximum biomass growth along with 100 
ppm phenol and 10 ppm chromium 
degradation were carried out using various 
organic and inorganic nitrogen sources 
(ammonium chloride, yeast extract and 
peptone) and various carbon sources (dextrose, 
starch soluble and sucrose) for media 
optimization study. The optimized parameters 
are further considered for degradation of both 
phenol and chromium in shake flask. 
pH optimization study 
The effect of pH on chromium reduction and 
phenol degradation was studied by taking three 
pH variables i.e pH 6, 7 and 8. The respective 
pH was adjusted with 1N NaOH and 1N HCl. 
Temperature optimization study  
The effect of temperature on phenol 
degradation was studied under three tempera- 
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ture variables i.e 250C, 300C and 350C. The 
study was carried out in the temperature 
controlled shaking incubator. 
Optimization of inoculum volume 
The effect of inoculum volume on chromium 
reduction and phenol degradation was studied 
by taking four volume of inoculum variables 
i.e 1%, 3%, 5% and 7%. 
Phenol and Cr(VI) determination 
Phenol estimation was done by 4-Amino 
Antipyrine method, in this method phenolic 
material reacts with 4-Amino Antipyrine in the 
presence of K3Fe(CN)6 at a pH of 10 to 
produce a purple-red coloured end product. 
The absorbance for the end products was 
measured with the use of a spectrophotometer 
at 510 nm.Cr(VI) analysis was carried out by 
diphenyl carbazide assay, in this method the 
hexavalent chromium reacts with the 1-5, 
Diphenylcarbazide at a pH 2 +/- 0.5 to form a 
red-violet coloured end product whose 
absorbance is measured in the 
spectrophotometer at 540 nm by comparing 
with standards which are expressed in ppm. 
Biomass study  
Biomass growth studies were carried out by 
centrifuging the microbial cultures at 10,000 
rpm for 5 minutes. 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. 
Mechanism of biodegradation 
Microorganisms capable of degrading phenol 
can utilize it as the sole source of carbon and 
energy for their growth and metabolism by 
the action of a variety of enzymes. P.putida 
first converts 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.25,26 Similarly E. coli can directly 
transform the highly toxic Cr(VI) to less 
toxic Cr(III) with the help of various 
membrane associated, NADH dependent 
soluble chromate reductase enzymes.22,24,27,28 
In case of simultaneous reduction of phenol 
and chromium E. coli utilizes the metabolites 
formed from phenol degradation as electron 
donors and energy for the reduction of Cr 
(VI).29 

RESULTS AND DISCUSSION 
Media optimization study 
Maximum degradation of a initial phenol and 
chromium levels i.e 100 ppm of phenol and 
10 ppm of chromium of  along with optimum 
growth of biomass of both the organisms 
were carried out using various organic and 
inorganic nitrogen sources (ammonium 
chloride, yeast extract and peptone), various 
carbon sources (dextrose, starch soluble and 
sucrose). The biomass obtained by both in 
the presence of organic nitrogen sources was 
found to be greater than the inorganic 
nitrogen sources. The highest biomass 
productivity along with better degradation of 
phenol by P. putida and Cr (VI) reduction by 
E. coli was obtained when peptone was used 
as a nitrogen source in the media followed 
by yeast extract and ammonium chloride 
(Fig. 1(b) to Fig. 1(d)). The highest biomass 
productivity along with maximum phenol 
and Cr(VI) degradation was obtained by both 
the strains when dextrose was used as a 
carbon source in the media (Fig. 1(a) to Fig. 
1(c)). It is inferred that Dextrose being 
monosaccharide was easily degraded by the 
organisms. Thus during the media 
optimization study E. coli completely 
degraded 10 ppm of Cr(VI) in (12-15) hours 
with a high biomass O.D of 3.03 with 
peptone as  nitrogen source and a biomass 
O.D of 2.88 with dextrose as a carbon source 
in 24 hours as shown in (Fig. 1(b) to Fig. 
1(a)). Among several electron donors and 
nitrogen sources screened, dextrose was the 
optimum electron donor and peptone showed 
maximum Cr(VI) reduction followed by 
yeast extract and inorganic nitrogen sources. 
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Fig. 1(a) : Carbon source optimization for E. coli 

  

Fig. 1(b) : Nitrogen source optimization for E. coli  

 

Fig. 1(c) : Carbon source optimization for P. putida 

 

Fig. 1(d) : Nitrogen source optimization for P. putida 
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Glucose played a major role in phenol 
degradation and was used by the P. putida 
initially as simple source of carbon for its mass 
multiplication and growth. The microbes then 
slowly started consuming phenol as a carbon 
source for their growth similar to the results 
obtained by researchers 20. During the media 
optimization study P. putida completely 
degraded 100 ppm phenol (in 12–15 hours) with 
a high biomass O.D of 2.68 when peptone was 
used as a nitrogen source and a biomass O.D of 
2.56 with dextrose as a carbon source in 24 
hours as shown in (Fig. 1(d) to Fig. 1(c)).These 
observations suggest that optimum degradation 
characteristics of each organism are influenced 
by different nitrogen and carbon source. 
pH optimization study 
Fig. 2 shows the effect of pH on chromium 
reduction and phenol degradation by the 
bacterial strain E. coli and P. putida 
respectively at varying pH 6, 7 and 8. Freshly 
prepared overnight culture of E. coli and P. 
putida was inoculated with 15 mg/L of Cr(VI) 
and 500 mg/L of phenol respectively and 
maintained at a incubation temperature of 30oC 
and at a shaking speed of 130 rpm. The value 

of pH was maintained throughout the 
experiment using 1N NaOH and 1N HCl. 
From the results shown in (Fig. 2), under these 
pH conditions (6 and 8) the growth of E. coli 
was found to be reduced and also the rate of 
Cr(VI) reduction decreased compared to pH 7. 
Thus at an optimum pH of 7, E. coli efficiently 
degraded 100% Cr(VI) in a short period of 
(20-22) hours as compared to pH 6 and 8 
where prolonged degradation was observed. 
Though Cr(VI) reduction is an enzymatic 
process variation in pH will affect the enzyme 
activity thus  Cr(VI) can be affected similar to 
the results obtained by researchers.30 As shown 
in Fig. 2, phenol degradation was highly 
influenced by the variation in pH. At an 
optimum pH of 7 P. putida was able to 
degrade 500 ppm of phenol in less time i.e (34-
36) hours as compared to pH 6 and 8 which 
took (52-54) hours and (64-66) hours 
respectively. From the study it was found that 
initial pH had a great influence on the growth 
and degradation rate. Among the various pH 
values, pH 7 was found to produce more 
amounts of cell mass and resulted in better 
degradation of phenol and chromium. 

 

 

 
Fig. 2 : Effect of pH on Cr(VI) degradation by E. coli and phenol degradation by P. putida 
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Temperature optimization study  
The incubation temperature greatly influences 
the metabolic activity of the microbe and the 
degradation of Cr(VI) or phenol.  The effect of 
temperature on phenol and chromium 
degradation was studied at a temperature range 
of 25oC to 35oC using overnight grown 
cultures was studied at pH 7, initial phenol and 
chromium concentration of 500 ppm and 15 
ppm respectively. 
As shown in Fig. 3 at 30°C P. putida was able 
to degrade 500 ppm of phenol early in (34-36) 
hours as compared to 25°C and 35°C. At 25°C 
P. putida degraded 500 ppm of phenol in (46-
48) hours whereas the degradation was slowest 
at 35 °C where complete degradation was only 

achieved after 60 hours of incubation time. 
The probable reason behind this might be the 
increase in lag phase at higher temperature 
condition of 35°C. From the literature it is 
evident that Cr(VI) degradation by E. coli is 
optimum at 37°C. But in our study the 
simultaneous degradation of both phenol and 
Cr(VI) in the presence of coculture of P. 
putida and E. coli is to be monitored. So the 
chromium reduction was observed at a 
temperature of 30°C by E. coli (NCIM 5051). 
The phenol degradation by P. putida is 
optimum only at 30°C beyond that temperature 
it did not show better degradation. So it can 
only be possible to maintain the temperature 
condition at 30°C. 

 
Fig. 3 : Effect of temperature on phenol degradation by P. putida 

Optimization of inoculum age and volume  
The cells of P. putida and E. coli were grown 
in a tertiary culture of mineral salt medium for 
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donor respectively (Fig. 4). Under these 
optimum conditions E. coli was efficiently able 
to completely degrade maximum of 40 ppm of 
Cr(VI). From the result, it is found that E. coli 
NCIM (5051) took very less time (around 12 
hours) to completely reduce 5ppm of Cr(VI) 
where as compared to the result obtained by 
other researchers 22. From the above graph, it was 
observed that the time required for complete 
reduction of Cr(VI) at different initial 

concentrations goes on increasing as the 
concentration of Cr(VI) increases. The Cr(VI) of 
5 ppm takes 12 hours for complete degradation 
where as 40 ppm of Cr(VI) takes (42-43) hours 
for its complete degradation. An extended lag 
phase is clearly observed at higher ppm levels 
like 30 ppm and 40 ppm of Cr(VI) this is because 
of the microbial population along with rate of 
reduction reduces with the high concentrations of 
Cr(VI).31 

 
Fig. 4 : Degradation of different concentration of Cr(VI) and biomass growth by E. coli at 

optimum conditions) 

Biomass growth of E. coli in the form of O.D 
at 600nm was taken under optimum conditions 
at different Cr(VI) concentrations in regular 
time intervals. It shows that at higher Cr(VI) 
concentrations E. coli shows extended lag 
phase. The growth or production of biomass 
increased with incubation period and reached 
the maximum at equilibrium time and then 
remained constant 32. The most probable 
reason behind the extended lag phase is due to 
the increasing toxicity of chromium with 
increase in concentration which also effects the 
growth of the bacterial cells 3,5,22.  
Phenol degradation study using Pseudo-
monas putida 
Effect of phenol degradation using the 
Pseudomonas putida at various phenol 
concentrations ranging from 100 to 1000 ppm 
were  also studied at optimum parameter 
conditions that is temperature 30oC, pH 7, 5% 

inoculum volume, shaking at 130 rpm, peptone 
and dextrose as nitrogen and carbon source 
respectively.  
The experimental results are shown in Fig. 5, 
degradation is highly dependent upon phenol 
concentration. As the concentration of phenol 
in the media increases from 100 to 1000 ppm 
the time for degradation also increases. At 
higher initial concentrations, phenol takes 
more time to degrade completely 14. 100 ppm 
and 500ppm of phenol degrades in less time 
i.e. in (15-17) hours and (32-34) hours 
respectively compared to 750 and 1000 ppm of 
phenol which takes comparatively longer time 
to degrade i.e. (58-60) hours and (70-72) hours 
for complete degradation. The reason behind 
this increase in degradation time in case of 750 
ppm and 1000 ppm phenol is due to the 
inhibiting effect of phenol at higher substrate 
concentration of 500 ppm 33. The P. putida did 
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not show any inhibitory effect and almost no 
lag phase during its growth between 100 mg/l 
and 500 mg/l. Similar results were reported by 
researchers that the inhibiting effect of phenol 
as substrate was found to be predominant 

above the concentration of 500 ppm 20,34. It is 
also interesting to find that with the increase in 
the concentration of phenol the lag phase also 
increases due to the increasing toxicity of 
phenol with increase in its concentrations.  

 
Fig. 5 : Degradation of different concentration of phenol and biomass growth 

by P. putida at optimum conditions 

Biomass growth of P. putida was studied at 
different concentrations of phenol. O.D of the 
broth was taken at regular intervals of time at 
600nm. As shown in Fig. 5 at higher phenol 
concentration of 750 ppm and 1000 ppm P. 
putida exhibits an extended lag phase due to 
toxic effect of phenol on its growth . Lag phase 
has been observed up to 30 hours and 
thereafter up to 70 hours it follows log phase. 
Further it becomes stationary. At the lag phase 
the substrate consumption was slow it becomes 
faster in the exponential period then the growth 
slows down which confirms that phenol is 
completely consumed. The biomass growth at 
high concentration of phenol and reported that 
the time required to reach stationary phase 
goes on increasing as the initial phenol 
concentration increases.35-39  
Simultaneous phenol and chromium 
degradation using mixed culture of 
microorganisms 
Different Cr(VI) concentrations i.e (5, 10 and 
15) ppm were degraded in the presence of  500 
ppm of phenol. As shown in the Fig. 6, 5 ppm 
of Cr(VI) takes less time i.e (16-18) hours for 

complete degradation while 10 ppm and 15 
ppm of Cr(VI) take longer time for their 
complete degradation. Thus it can be 
understood that the energy and electron 
produced by P. putida during phenol 
degradation were sufficient for degradation of 
5 ppm of Cr (VI) by E. coli. The toxic and 
inhibitory effect of high concentration of 
phenol on Cr(VI) reduction can also be 
inferred from the Fig. 6, 15 ppm of Cr (VI) 
took more than 42 hours for its complete 
degradation when present with 500 ppm of 
phenol. Similarly degradation of 500 ppm of 
phenol was studied at various concentrations 
of Cr(VI). Fig. 6 shows the degradation of 
500ppm of phenol in the presence of various 
concentrations of Cr(VI). Degradation of 
phenol i.e. 500ppm is greatly affected by the 
presence of different concentration of Cr(VI) 
due to the toxic and inhibitory effect of Cr(VI) 
on phenol degradation. From the above graph 
it can be observed that 500 ppm phenol in the 
presence of (5, 10 and 15) ppm Cr(VI) gets 
degraded at (40-42) hours, (46-48) hours and 
(52-54) hours respectively.  
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Fig. 6 : Simultaneous degradation of 500 ppm phenol and varying concentrations of chromium 

using mixed culture of microorganisms 
It is observed that 10 ppm of Cr(VI) is 
degraded in (46-48) hours while 15 ppm of 
Cr(VI) gets degraded in more than 80 hours. 
This is due to the toxic and inhibitory effect of 
high concentration of phenol on Cr(VI) 
reduction. Similarly degradation of 750 ppm of 
phenol was studied at various concentrations 
of Cr(VI). As shown in the Fig. 7 degradation 
of 750 ppm was greatly affected by the 
presence of different concentration of Cr(VI), 
this is basically due to the inhibitory effect of 
higher concentration of Cr(VI) on phenol 

degradation. From the graph it can be observed 
that 750 ppm phenol in the presence of 10 ppm 
and 15 ppm Cr(VI) gets degraded in (58-60) 
hours and (70-72) hours respectively. From the 
different combinational studies it can be 
concluded that 15 ppm Cr(VI) takes longer 
time for degradation in presence of 750 ppm 
phenol as compare to the time taken for the 
degradation in the presence 500 ppm of 
phenol. Further increase in the phenol 
concentration does not show effectiveness in 
chromium reduction and vice versa. 

        
Fig. 7 : Simultaneous degradation of 750 ppm phenol and varying concentrations of chromium 

using mixed culture of microorganisms 

CONCLUSION 
In the present investigation, phenol 
degradation by Pseudomonas putida MTCC 
(1194) and chromium reduction by 
Escherichia coli NCIM(5051) was studied 
along with simultaneous removal of phenol 
and chromium using co-culture of these 
microorganisms. The optimum conditions for 
maximum biomass production along with 
maximum phenol and chromium degradation 
by both the microorganisms were found to be  
temperature 30oC, pH 7, 5% inoculum volume, 
shaking at 130 rpm with peptone and dextrose 
as nitrogen and carbon source respectively. In  

shake flask, under optimum process conditions 
P. putida can degrade a maximum of 1000 
ppm of phenol in (70 –72) hours. Similarly    
E.coli can degrade 40 ppm of Cr(VI) 
completely in (40 – 42) hours under optimum 
process conditions. The simultaneous phenol 
degradation and chromium reduction by the 
co-culture of microorganisms is studied by 
varying the concentration in the range of 500 
and 750 ppm for phenol and (5, 10 and 15) 
ppm for Cr(VI) respectively. The result shows 
that 15 ppm of Cr(VI) takes longer time for 
degradation in presence of 750 ppm phenol as 
compared to the time taken for the degradation  
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in the presence 500 ppm of phenol and beyond 
these concentrations the simultaneous phenol 
degradation and chromium reduction by the 
co-culture of microorganisms was not found to 
be effective. This study can be helpful in 
removing the major pollutants from the 
industrial effluent to their permissible limits 
and can be considered as an effective method 
for industrial effluent treatment. 
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