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ABSTRACT 
Simultaneous removal of phenol and Cr (VI) from textile industry effluent was achieved with the 
help of two indigenous microorganisms Pseudomonas putida (MTCC 1194) and Escherichia 
coli (NCIM 5051). The metabolites, energy and electrons produced during the phenol 
degradation by Pseudomonas putida are utilized by Escherichia coli for the reduction of Cr (VI). 
Simultaneous phenol and Cr (VI) degradation is studied at constant Cr (VI) concentration           
(5 mg l−1) and varying the phenol concentration (50-1000) mg l−1and vice versa. The bioreactor 
results shows 250 ppm of phenol and 5 ppm of Cr (VI) takes (18–20) hours and (10–12) hours 
respectively for their complete degradation when present in aqueous solution containing both 
phenol and chromium, But in case of textile industry effluent it takes (28–30) hours and (16–18) 
hours respectively for their complete degradation indicating the inhibitory effect of organic and 
inorganic pollutants along with other heavy metals present in the textile industry effluent. The 
effluent analyzed post treatment confirmed the reduction of chromium and phenol 
concentrations along with other contaminants to their permissible limits. So the studied 
indigenous organisms can be very well applied for the treatment of effluents containing the 
multiple contaminants such as phenol and chromium. 

Key Words : Textile industry effluent, Chromium, Phenol, Pseudomonas putida, 
Escherichia coli 

 
INTRODUCTION 

Waste water released from industries is a major 
concern for environmentalists these days. 
Industrial effluents contain various toxic metals, 
harmful gases and several organic and inorganic 
compounds. The discharge of these untreated 
toxic effluents has deteriorated the natural flora 
and fauna and poses a risk to human health. The 
long-term consequences of exposure also cause 
fatal diseases like cancer, delayed nervous 
responses, mutagenic changes, neurological 
disorders etc in humans.1, 2  
Industrial effluent containing chromium and 
aromatic  compounds  like  phenol are dischar- 

ged by the industrial processes of wood 
preserving, metal finishing, petroleum refining, 
leather tanning and finishing, paint and ink 
formulation, pulp and paper industry, textile 
Industry, pharmaceutical industry and 
automobile parts manufacturing industry.3-7 In 
order to remove these pollutants from the 
effluent, expensive chemical and physical 
processes like ozonization, adsorption, ion 
exchange, membrane filtration, chemical 
oxidation etc are used.3,5,6,8 Most of these 
processes are high energy consuming, non 
economic and release effluent waste water 
which is detrimental to the environment. 
Recently biotechnological processes have been 
reported as an alternative to these complex and *Author for correspondence 
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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.  
Very few researchers have initiated research 
work on degradation of phenol and chromium 
using mixed culture of different phenol reducing 
and chromium degrading microorganisms.3 
studied the simultaneous removal of the two 
pollutants by using a phenol degrading organism 
Pseudomonas putida DMP-1 and a Cr (VI) 
reducing strain Escherichia coli ATCC 33456, 
with phenol as the sole added carbon and energy 
source. Nkhalambayausi-Chirwa and Wang4 also 
observed the optimum Cr (VI) reduction at a 
phenol concentration of 200mgl-1 and an initial 
Cr (VI) concentration of 2mgl−1, while complete 
phenol degradation was observed in cultures only 
under low initial Cr (VI) concen-trations 
(≤10mgl−1). Researchers have studied the 
simultaneous removal of Cr (VI) and phenol in a 
coculture containing Bacillus sp. and Pseudo-
monas putida Migula CCTCC AB92019.6 All 
these treatment process were carried on aqueous 
solution of phenol and chromium. Few literature 
is available on treatment of industrial effluent 
containing chromium and phenol.  

AIMS AND OBJECTIVES 
Complete degradation of phenol and chromium 
simultaneously from textile industry effluent 
using a unique co-culture of indigenous 
microorganisms such as P.putida MTCC 
(1194) and E.coli NCIM (5051). To the best of 
our knowledge these microbes have not been 
used till date for the purpose of simultaneous 
degradation of phenol and chromium from 
textile industry effluent. Effect of various 
process parameters such as pH, temperature, 
inoculum dose etc. on the rate of degradation is 
also investigated. 

MATERIAL AND METHODS 
Effluent collection and analysis 
Industrial effluent was collected from a local 
textile industry situated in Rajahmundry, 
Andhra Pradesh, India. The sample was 
analysed to estimate the level of contaminants 
using standard method. 

Chemicals 
The experimental studies were conducted 
using pure and analytical grade chemicals 
obtained from Merck chemicals, India.  
Microorganism 
The strains of Pseudomonas putida MTCC 
(1194) and Escherichia coli NCIM (5051) 
were obtained from MTCC Chandigarh and 
NCIM Pune respectively in the form of slant 
and were sub cultured for maintainance. The 
microorganisms were enriched using a nutrient 
medium containing beef extract 1.0 gl-1, Yeast 
extract 2.0 gl-1, Peptone 5.0 gl-1, NaCl 5.0 gl-1  
and Agar 15.0 gl-1  at pH 7. The prepared slants 
of microbial colonies were preserved in 
refrigerator till further use.  
Studies in shake flask 
Degradation potential of microorganisms was 
determined for both the micro-organisms. 
Simultaneous phenol degradation and Cr (VI) 
reduction was investigated in the co-culture of 
Pseudomonas putida and Escherichia coli. The 
experimental studies were carried out in the 
shake flask as batch reactor under pertinent 
process variables. 100 mL of solution was 
taken along with different concentration of 
phenol and chromium in each set of 
experiment in which 5% of overnight cultured 
cells was inoculated and kept in a temperature 
controlled orbital shaker at 30°C and 130 rpm 
at pH 7 for different time intervals.  
Bioassay 
The biomass obtained was centrifuged at 
10,000 rpm and washed with distilled water. It 
was repeated three to four times till clear 
biomass was obtained. Then biomass 
concentration was observed in a 
spectrophotometer by using O.D at 600nm. 
The shaking speed and temperature were 
maintained at 130 rpm and 30°C respectively 
for each set of experiments.  
Cr (VI) and phenol assay 
The degradation for both phenol and Cr (VI) 
was observed at regular interval of time and 
each time the pH was adjusted to 7 for 
optimum growth of the microorganisms. The 
degradation of phenol was estimated at 510 nm 
in a spectrophotometer using 4-amino 
antipyrine method.  
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The degradation of Cr (VI) was evaluated at 
540 nm using Diphenyl carbazide assay. Each 
set of experiment was repeated thrice. Data for 
phenol degradation was calculated every 6 
hours and data for chromium degradation was 
calculated every 3 hours. 
Study in bioreactor 
Large scale simultaneous degradation of 
aqueous solutions of phenol and chromium as 
well as textile industry effluent using mixed 
culture of microorganisms was carried out in a 
bioreactor (New Brunswick, BIO FLOW 410) 
under optimum conditions. The optimum 
conditions of pH 7, temperature 300C, agitation 
200 rpm, DO 100 ppm were established in 
preliminary experimentation. These conditions 
were automatically maintained by the 
bioreactor throughout the study. The similar 
co-culture of Pseudomonas putida and 
Escherichia coli used in the small scale, batch 
study was used for the large scale study. 
Before starting the process the bioreactor was 
seeded with 12 hour old 5% inoculum volume. 
Sampling was done at regular interval of time 
to study the degradation kinetics of both 
phenol and chromium and the biomass 
formation.  
EDX and AAS analysis 
Energy Dispersive X-ray Spectroscopy 
analysis (SEM-EDX) was carried out for the 
untreated and treated industrial effluent. The 
EDX analysis was carried out with the help of 
a computer controlled field emission SEM 
equipped with EDX detection system. EDX of 
the treated and untreated industrial effluent 
helped in the conformation of the pollutants 
and the heavy metals present before and after 
treatment. Other heavy metals present in the 
textile effluent were also detected with the help 
of Atomic Absorption Spectroscopy. 
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.9-12  
E. coli utilizes the metabolites formed from 
phenol degradation as electron donors and 
energy for the reduction of Cr (VI). By this 
biological mechanism 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.13 - 16 

                        P. putida      Energies 
     Phenol + Oxygen                    + Metabolites  
                                   Oxidation    + Electrons 

 
                               E. coli 

           Cr 6+ + Electrons                      Cr3+ 

                         Reduction 
RESULTS AND DISCUSSION 

Physico-chemical characteristic of industrial 
effluent 
The industrial effluent was collected from the 
local textile industry and the physico-chemical 
parameters were estimated using standard 
methods. The physicochemical parameters of 
the industrial effluent estimated are illustrated 
in Table 1.  
EDX analysis of the textile industry effluent 
Energy dispersive X-ray spectroscopy (EDX) 
of the textile industry effluent is shown in    
(Fig. 1). The EDX graph helps to assess the 
elemental composition of the effluent. As 
shown in the graph shows the effluent was rich 
in various pollutants such as Cr, Zn, Ni and 
Cu. Our result confirms the finding of other 
researchers.17-18 
Conformational test for both the 
microorganisms responsible for simultane-ous 
phenol degradation and Cr (VI) reduct-ion 
Tests were carried out to investigate the 
simultaneous removal of phenol and Cr (VI) in 
seven different set of experiments and the
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Table 1 : Physiochemical characterization of textile industry effluent collected from 
Rajahmundry, India 

Parameters Effluent (untreated) 

Colour Reddish Brown 

pH 7.9- 8.2 

BOD (mg/l) 410-480 

COD (mg/l) 1120 -1170 

TOC (mg/l) 207 

TDS (mg/l) 2580-2670 

TSS (mg/l) 280-330 

Phenol (mg/l) 250 

Cr (VI) (mg/l) 5 

Total Cr (mg/l) 5 

Zn (mg/l) 9-11 

Cu (mg/l) 6-8 

Ni (mg/l) 5-8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: EDX of untreated textile industry effluent 

results are listed in Table 2. Cr (VI) reduction 
along with phenol degradation occurred only 
in the presence of both P. putida and E. coli 
when phenol was used as the sole source of 
carbon. The concentration of Cr (VI) decreased 
from  5mgl-1  to  0 mgl-1  after  (15-18) hours of  

incubation with 250 mgl-1 phenol as the sole 
added carbon source (Test 6). Little or no Cr 
(VI) reduction and phenol degradation was 
observed  in the standards where no bacterial 
culture was inoculated (Test 1). Simultaneous 
Cr (VI) reduction and phenol degradation was 
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Table 2 : Conformational result of simultaneous phenol degradation and Cr (VI) reduction 
  

 Test 1 Test 2 Test 3 

Time 
in hrs 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

0 5 250 5 250 5 250 
6 4.99 249.98 4.98 198 4.98 249.98 
12 4.98 249.95 4.96 102 4.91 249.86 
18 4.93 249.88 4.91 32 4.86 249.79 
24 4.91 249.83 4.88 0 4.73 249.73 

 Test 4 Test 5 Test 6 
Time 
in hrs 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

Cr (VI) 
(mg/l) 

Phenol 
(mg/l) 

0 5 250 5 0 5 250 
6 2.8 249.98 4.98 0 3.8 198 
12 0 249.86 4.96 0 1.4 102 
18 0 249.81 4.91 0 0 32 
24 0 249.77 4.88 0 0 0 

(Test 1:  without any culture, Test 2 :  with P. putida without E. coli, Test 3 :  with E. coli without P. putida, Test 4 :  
with glucose and E. coli without P. putida, Test 5 :  with both P. putida and E. coli but no phenol, Test 6 :  both P. 

putida and E. coli with phenol as a carbon source) 

also not observed when a single microbe i.e E. 
coli or P. putida was used (Test 2 and Test 3). 
Very less or no Cr (VI) reduction occurred 
when both the organisms were used but in the 
absence of phenol in the media.(Test 5). 
Whereas Cr (VI) reduction was observed when 
E. coli with glucose as electron donor was used 
without P. putida (Test 4). Phenol degradation 
was observed when P. putida alone was 
incubated in the media (Test 2). This indicated 
that Cr (VI) reduction and phenol   degradation  
were  accomplished through biological activity  

of both the organisms. So, it can be concluded 
that the metabolites formed from phenol 
degradation by phenol degrading bacteria acts 
as a electron donor for Cr (VI) reduction by the 
chromium reducing bacteria. 
Simultaneous phenol and chromium 
degradation using mixed culture of 
microorganisms 
Different Cr (VI) concentrations i.e (5, 10 and 
15) ppm were subjected to degradation in the 
presence of  250 ppm and mixed culture of 
microorganisms.(Fig. 2) 

   
Fig. 2 : Degradation of varying concentrations of Cr (VI) in the presence of phenol at 

250 ppm of optimum conditions 
From the above graph it is observed that in the 
presence of 250 ppm phenol, lower 
concentration of Cr (VI) i.e. 5 ppm degrades 

completely in (12-15) hours whereas higher 
concentration of Cr (VI) 10 ppm and 15 ppm 
takes prolonged time i.e (30-32) hours and   
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(40-42) hours respectively for their complete 
degradation in the presence of 250 ppm of 
phenol. This is because of the insufficient or 
less amount of energy and electron donor 
produced during phenol degradation by P. 

putida which was inadequate for higher 
concentrations of Cr (VI).  
Similarly, degradation of 250 ppm of phenol 
was studied at various concentrations of Cr 
(VI) as shown in Fig. 3. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3 : Degradation of 250 ppm of phenol at various initial concentrations of Cr (VI) at 
optimum conditions 

From the above graph it can be inferred that 250 
ppm phenol takes longer time for degradation i.e. 
(28-30) hours and (34-36) hours in the presence 
of 10 ppm and 15 ppm Cr (VI) respectively. 
Whereas 250 ppm of phenol degrades in (22-24) 
hours in the presence of lower concentrations of 
Cr (VI) i.e. 5 ppm. This is because of the 
inhibitory effect of high Cr (VI) concentration on 
phenol degradation 
Biomass for both the organisms at (5, 10 and  
15) ppm of Cr (VI) in the presence of constant 
phenol concentration of 250 ppm was also 

studied. Biomass was studied in terms of OD 
taken at 600nm. (Fig. 4)  
Physico-chemical characteristic of industrial 
effluent as studied using bioreactor  
The industrial effluent was collected from the 
local textile industry and the physico-chemical 
parameters estimated using standard methods. 
Chromium and copper are usually found in the 
dyeing and finishing section and phenol with 
other heavy metals is mostly found in the 
printing, bleaching, washing section of the 
textile industry.(Table 3)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Biomass growth of mixed microbial culture during degradation of varying 
concentrations 
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Table  3 : Showing the physico-chemical characteristic of textile industry effluent before 
and after treatment and their permissible limits 

Parameters Effluent (Untreated) Treated Standard 

COD (mg/l) 1340 246 200-300 
BOD (mg/l) 530 138 100-150 
TOC (mg/l) 207 81 50-100 
TDS (mg/l) 2630 96 100 
TSS (mg/l) 320 45 100 
pH 8.2 7 7 
Phenol (mg/l) 250 0 0.05-0.1 
Cr (VI) (mg/l) 5 0 0.05-0.1 
Total Cr (mg/l) 5 1.459 2 
Zn (mg/l) 10 3.632 5 
Cu (mg/l) 8 2.302 3 
Ni (mg/l) 7 2.594 3 

 
Effect of Cr (VI) concentration on phenol 
degradation in simulated effluent 
Degradation of different concentration of 
phenol (10,50,100,250,500,750 and 1000) ppm  
was  studied in  the  presence  of 5ppm of Cr 
(VI) using mixed culture of microorganisms. 
As can be analyzed from (Fig. 5), in the 
presence of 5 ppm of Cr (VI), the total time for 
degradation of phenol increases with increase 
in the concentrations of phenol. Thus, in the 
presence of 5 ppm of Cr (VI), 10 ppm phenol 
takes nearly 12 hours whereas 1000 ppm phenol 
takes around (76-78) hours for its complete 
degradation. Maximum Phenol degradation is 
achieved at a phenol concentration of 500 ppm. 
Beyond this concentration the trend of 
degradation changes with an increase in the lag 
phase. The degradation initially slows down 
when high initial concentration of phenol are 
considered, but later follows the similar 
degradation trend till complete degradation of 
phenol is achieved. It is attributed to the toxicity 
of phenol that increases with increasing phenol 
concentration and inhibits the growth of 
microbes initially. Experimental results also 
indicated the E. coli utilizes metabolites formed 
from phenol degradation as electron donors for 
Cr (VI) reduction. Researchers had also 
investigated the effect of phenol concentrations 
on the rates of phenol removal and Cr (VI) 
reduction under constant initial Cr (VI) 
concentration.5 Similar study have been done for 
the simultaneous reduction Cr (VI) and phenol  

degradation by using a single culture of 
Pseudomonas  aeruginosa  CCTCC  AB91095.7  

The metabolites formed during phenol 
degradation were found to be used as energy 
source for Cr (VI) reduction by P. aeruginosa. 
At higher concentration of phenol the rate of Cr 
(VI) reduction decreased due to the excess 
formation of organic acid metabolites which 
inhibit the chromium reduction. Simultaneously 
at higher concentration of Cr (VI) the phenol 
degradation rate was decreased due to the toxic 
effect of high concentration of Cr (VI) on phenol 
degradation. 
Fig. 6 shows the reduction of 5 ppm of Cr (VI) 
by E. coli in the presence of different 
concentration of phenol ranging (10, 
50,100,250,500,750 and 1000) ppm. It is found 
that 5 ppm of Cr (VI) takes longer time for 
reduction i.e. (16-18) hours and (14-15) hours in 
the presence of 10 ppm and 50 ppm of phenol 
respectively. However in the presence of 100 
ppm of phenol, Cr (VI) gets reduced in 10-12 
hours. This decrease in time of reduction is 
probably due to the energy or electron donors 
produced by P. putida during phenol degradation 
that is sufficient to degrade of 100 ppm of phenol 
whereas this lacks in the case of 10 ppm and 50 
ppm of phenol. When the concentration of 
phenol was further increased the time for 
reduction  of  5ppm  of  Cr (VI)  by  E. coli  also  
increased. The toxic and inhibitory effect of high 
concentration of phenol is the reason for the 
increase in time for Cr (VI) reduction. Similar 
studies were reported by other researchers.6,7 
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Biomass study was also carried out for both the 
microbes in the presence of 5 ppm of Cr (VI) and 
varying phenol concentration of  (10,50,100 
,250,500,750 and 1000) ppm. Biomass growth is 
affected in presence of higher concentration of 

phenol at 5ppm Cr (VI) concentration. Fig. 7 
illustrates the enhanced lag phase with increase 
in phenol concentration.  At higher concentration 
of phenol inhibitory effect on biomass growth is 
pronounced.  

 

 

 

 

 

 

 

 

Fig. 5 : Degradation of varying concentrations of phenol in the presence of constant 5 ppm  
of  Cr (VI) at optimum conditions 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : Degradation of Cr (VI) at various concentration of phenol in presence of 5ppm  
Cr (VI) at optimum conditions 

 

 

 

 

 

 

 

 

 
Fig. 7 : Biomass growth of mixed culture of microorganisms during degradation of different 

concentration of phenol at 5 ppm Cr (VI) concentration at optimum conditions 
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Phenol degradation study using bioreactor 
The degradation of 250 ppm phenol in the 
presence of 5 ppm Cr (VI) was also studied in a 
bioreactor under optimized conditions. As shown 
in the Fig. 8 under optimized conditions 250 
ppm of phenol took nearly (18-20) hours for its 
complete degradation in the presence of 5 ppm of 
Cr (VI). Whereas when the textile industry 
effluent was subjected to degradation, 250 ppm 

of phenol took nearly (28-30) hours for complete 
degradation of the pollutant. The reason behind 
the prolonged degradation is the presence of 
other heavy metals and pollutants in the 
industrial effluent which extends the time 
required to degrade the phenol. Presence of other 
heavy metal thus slightly influences the phenol 
degradation due to the inhibition effect of the 
other heavy metals on the microorganisms.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Degradation of 250 ppm of phenol in bioreactor in the presence of 5 ppm of Cr (VI) 
at optimum conditions : agitation 200 rpm, pH 7, temperature 300C, DO 100 ppm 

Cr (VI) degradation study using bioreactor 
Similarly Cr (VI) reduction was also carried out 
in bioreactor. As shown in the above (Fig. 9), 
when aqueous solution of 5 ppm Cr (VI) and 
250 ppm phenol was subjected to degradation 
under optimized conditions, 5 ppm of  Cr (VI) 
takes less time i.e. (10-12) hours for its 
complete degradation. Whereas the Cr (VI)  

present in textile industry effluent took (16-18) 
hours for its complete degradation. The reason 
behind the prolonged time of degradation was 
due to other heavy metals, organic and inorganic 
pollutants present in the textile industry effluent.  
EDX and AAS analysis of treated effluent 
The above culture medium was also analyzed 
by atomic absorption spectroscopy technique 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 : Degradation of 5 ppm of Cr (VI) in bioreactor in the presence of 250 ppm of phenol 
at optimum conditions : Agitation 200 rpm, pH 7, temperature 300C, DO 100 ppm 
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to find the total chromium at different time 
intervals. The Atomic Absorption Spectros-copy 
reading shows that Cr (VI) gradually reduces to 
Cr(III) and some part of it gets degraded 
completely. The total chromium analysis result 
indicates that after 18 hours of degradation the 
total chromium remaining in the aqueous 
solution is 1.529 ppm. The AAS analysis results 
of treated textile effluent also revealed that the 
other heavy metals present were also reduced to 

their permissible limits. Fig. 10 shows the energy 
dispersive X-RAY analysis of treated industrial 
effluent sample to find its elemental composition 
after biological degradation. The result confirms 
the complete removal of the Cr along with other 
heavy metals. However elements like Mg, Na, K, 
S, Cl are found as unused media components. 
Various authors  have also studied the presence 
of chromium with other heavy metals by EDX in 
their study.18-29 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 10 : EDX of treated textile industry effluent 

CONCLUSION 
The present investigation is based on the 
simultaneous removal of phenol and chromium 
which are the major contaminants present in 
the textile industry effluent with a mixed 
culture of indigenous microorganisms i.e 
phenol degrading strain of Pseudomonas 
putida MTCC(1194) and chromium reducing 
strain of Escherichia coli NCIM(5051).  
The effluent shows the presence of two major 
pollutants 250 mgl-1 of phenol and 5 mgl-1 of 
chromium along with other heavy metals Zn 
(10mgl-1), Cr (8mgl-1) and Ni (7 mgl-1) etc. 
Degradation of various phenol concentration 
ranging from 10 ppm to 1000 ppm were studied 
in the presence of 5 ppm of Cr (VI) and complete 
degradation of 1000 ppm of phenol was obtained 
in (76 – 78) hours. 5 ppm of Cr (VI) took (24–
26) hours for its complete reduction when 
present with 1000 ppm of phenol. However, in a 
bioreactor, complete degradation of aqueous 
solution of phenol and chromium (VI) was 
achieved within (18–20) hours and (10–12) hours 
respectively.   On   the  other  hand   when  textile  

effluent was subjected to treatment in a 
bioreactor the degradation of both phenol and Cr 
(VI) took (28–30) hours and (16–18) hours 
respectively indicating the inhibitory effect of 
organic and inorganic pollutants along with other 
heavy metals present in the textile industry 
effluent. The effluent analyzed after treatment 
indicates that along with the major pollutant such 
as phenol and Cr (VI) other heavy metals also 
attained their permissible limits. So the studied 
indigenous organisms can be very well applied 
for the treatment of effluents containing the 
multiple contaminants such as phenol and 
chromium. 
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