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ABSTRACT 
Consortium of pentacholorophenol degrading bacterial strains were isolated from tannery 
effluents in Jajmau, Kanpur, India were enriched in a lab scale chemostat for enhancement of 
their degradation potential and used in a lab scale bioreactor for the degradation of PCP. The 
isolated bacterial strains were identified as Flavobacterium species. The enrichment potential for 
PCP degradation by this consortium was enhanced during growth in the chemostat 91.0% 
reduction in PCP levels was observed within 80 hrs. Revealing possible applications of this 
consortium for bioremediation of sites contaminated with PCP. Bacterial consortiums were able 
to degrade the PCP concentration of 30mg l-1.  
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INTRODUCTION 

Chlorinated phenols (CPs) are major 
environmental pollutants often discharged from 
tanneries, distilleries, dye, pulp and paper mills, 
and paint manufacturing and pharmaceutical 
industries. CPs are frequently by-products of 
processes where chlorine is used for bleaching 
pulp or disinfecting drinking water.  Among CPs, 
pentachlorophenol (PCP) is a wide spectrum 
biocide with applications in agriculture, industry 
and public health. PCP has been widely used in 
disinfectants and preservatives1, especially in the 
tanning industry. Due to biocidal properties PCP 
is used for curing and preserving leather in 
tannery industries.2  PCP causes uncoupling of 
oxidative phosphorylation, inhibition of 
glycolytic phosphorylation, inactivation of 
mitochondrial and myosin ATP, inactivation of 
respiratory enzymes and damage to 
mitochondrial structures.3 Furthermore, it is very 
toxic to microorganisms due to its ability to 
uncouple oxidative phosphorylation and to 
disrupt membrane function.4 The aerobic 
biodegradation of PCP has been studied  

extensively and several bacterial strains, 
including Flavobacterium, Pseudomonas and 
Bacillus species, capable of degrading PCP have 
been reported.5-8 The present study was 
performed at Jajmau, Kanpur (U.P.), India where 
407 major tanneries are located on the bank of 
the Ganga River. It is an initial stage to develop 
stable bacterial consortia by continuous 
enrichment in the chemostat, characterize the 
members of the bacterial consortia and 
evaluation of utilization potential of PCP. The 
study could help in developing strategies for 
enhancing degradation and large scale removal 
of PCP from the environment.  

AIMS AND OBJECTIVES 
To screen, enrich and study the application of 
an aerobic bacterial consortium of 
Flavobacterium species in tannery effluent 
sludge. Effluent sludge sample was collected 
from two designated sites, PSCS1 and PSCS2, 
from the main channel of Common Effluent 
Treatment Plant (CETP) at Jajmau. Two liter 
effluent sample along with sediment (10:1 v/w) 
were collected randomly from the main 
channels at each site. *Author for correspondence 
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MATERIAL AND METHODS 
The homogenized sample was filtered and the 
filtrate was diluted with phosphate buffer saline 
(1:100 w/v). Small fractions of this sample were 
incubated over night (290C) on nutrient agar 
plates. The cultures were screened on mineral 
salt agar medium having a composition of        
(g l-1):  Na2HPO4.2H2O, 7.8; KH2PO4, 6.8; 
MgSO4, 0.2; ammonium ferric citrate, 0.01; 
Ca(NO3).4H2O, 0.05; NaNO3, 0.085 and trace 
element solution (Sharma et al.), 1ml/l-1 and 
containing sodium PCP (15 mg/l-1) as the sole 
source of carbon and energy. Bromothymol 
blue (0.1%) was added as an indicator and the 
pH was adjusted to 6.5 using 0.1 N NaOH or 
0.1 N HCl.   Metabolism of PCP was observed 
as a change in pH of the medium, resulting in 
the formation of yellow halos around 
colonies.7,9,16 
An inoculum of pure screened bacterial culture 
was used at an optimized dose i.e., at 1% (v/v) 
of log phase into 100 ml mineral salt medium 
containing 30 mg/l-1 PCP in a 250 ml 
Erlenmeyer flask, incubated at 30oC at 120 rpm. 
This culture was used as an inoculum for the 
chemostat.2,16   
Enrichment was performed in lab scale 
chemostat (Fig. 1) using mineral salt medium 
concentrations of NaPCP (5.0, 15, 30 mg l-1).  
The effective volume of the system was 1 L, the 
pH was maintained between 7.2-7.4, and the 
retention time was set at 10 ml-1 min-1 for 70 
days. The lab scale chemostat was fabricated 
with three autoclaveable glass jars connected 
with plastic tubing. The first chamber              
C-I contained mineral salt medium which was  

supplied to the main chamber (C-II) by an outlet 
from its base. The upper-most part of this C-II 
contained an opening for aeration and an inlet 
for mineral salt medium supplied from C-I. 
Stirring was made possible by keeping the 
chamber on a magnetic stirrer and oxygen was 
provided by passing sterile air through an 
aerator. Spent medium from C-II was 
transferred to a third chamber (C-III) via an 
outlet at the middle of C-II containing a hallow 
fiber membrane filter fixed on the inner wall of 
C-II and used as the cell separator to prevent 
cell immobilization. The culture chamber 
temperature was maintained at 29oC in 
bacteriological incubator and a magnetic stirrer 
was used to prevent monolayer formation. 
Samples from the chemostat were collected in 
triplicate and growth of the bacterial culture was 
determined by measuring optical density at 540 
nm at 5 day intervals. The sterilized culture 
flasks were inoculated with an optimized dose 
of 1 % (v/v) of log phase bacterial inocula and 
placed in an incubating shaker at 150 rpm for 80 
hrs at temperatures in the range of 10-40oC. 
Optical density at 540 nm was followed as a 
measure of growth  and the mid log growth data 
was used to calculate the specific growth rate.10 
The stabilized and enriched bacterial 
consortium was analyzed for its ability to 
metabolize PCP in a lab scale bioreactor      
(Fig. 2) fabricated using a glass column of 5 L 
and having an effective volume of 2 L. The 
concentration of PCP was assessed by 
measuring the absorbance of the extracted 
sample at 320 nm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Shows Enrichment of Flavobacterium species consortium performed in lab-scale 
chemostat 
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Fig. 2 : Application of enriched bacterial consortium performed in lab scale sequential    
bioreactor 

RESULTS AND DISCUSSION 
Isolated strains PP1, PP2, and PP3 were grown 
on MSM agar plates with PCP (15 mg l-1) as 
the sole source of carbon and energy. All 
isolates were able to metabolize PCP, as 
shown by their ability to grow and by the 
change in colour of the bromothymol blue 
from blue to yellow due to degradation of PCP 
which produces hydrogen ions.7,11,12 The 
screened strains were further morphologically  

characterized on the basis of shape, size, 
elevation, opacity, colour, spreading nature, 
margin and textures (Table 1) and bio-
chemically on the basis of gram’s test starch 
test, casein test lipid test citrate test and urease 
test respectively on MSM agar (Table 2). The 
strains showed similarities with the genus 
Flavobacterium species when the results of 
tests were compared with the Bergey’s Manual 
of Bacteriology.7,13,16   

Table 1 :  Morphological characterization of PCP degrading bacterial strains screened from 
tannery sludge 

C-Circular, I-Irregular, W-Whitish, CR-Creamish, OR-Orange, P-Pinkish, Y-Yellowish, GW-Grayish white, 
O-Opaque, T-Transparent, V-Viscous, NV-Not viscous,Y-Yes, N-No, F-Flat, CO-Convex, S-Smooth, SR –Serrated.  

Table 2 : Biochemical characterization of PCP degrading bacterial strains screened from 
tannery sludge 

Tests PP1 PP2 PP3 PP4 
Gram staining + + + + 
Starch Test - + - + 
Casein Test + - + + 
Lipid hydrolysis Test - + + + 
Citrate  Test - - - + 
Urease Test + - - + 

+ Positive = Present; – Negative = Absent 

Characteristic PP1 PP2 PP3 PP4 
Shape C C C C 
Size (mm) 0.25 0.05 0.1 0.1 
Color CR Y CR OR 
Opacity T O T O 
Texture NV NV V NV 
Spreading nature  N N Y Y 
Elevation F F CO CO 
Margin SR S SR SR 
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The four bacterial strains were collectively 
inoculated in a lab scale chemostat for 
enrichment by a continuous process in 
limited substrate conditions. Fig. 3 shows 
the growth pattern of the microbial inocula at 
30 mg l-1 of PCP. Initially, there was a slight 
increase in the optical density at each 
concentration, but after day 5 it declined, 
and remained constant up to day 21.  After 
day 23 there was exponential increase in OD 
upto 49 day, followed by a constant growth 
rate, even with increased flow rate (10 ml hr-

1) till the end of the enrichment (70 day). 
The initial fluctuations in the O.D. of the 

culture may be due to the inability of the 
bacterial strains to utilize PCP, the formation 
of poorly metabolized or toxic intermediary 
metabolites or simply because cells were not 
well acclimatized to the new environment.14 
The present study indicated a significant 
increase in utilization of 30 mg l-1 carbon 
source up to 91.0% within 70 days. This was 
due to the growth of bacterial cells in the 
chemostat which becomes constant as the 
cells were phy-siologically adapted to the 
different concen-tration of PCP for their 
nutritional inter-attracttion between the 
members of the community.11 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : 70 days enrichment of Flavobacterium species in lab scale chemostat at 30 mgl-1 
concentration of PCP 

The effects of initial pH value on growth are 
shown in Fig. 4. The results indicate optimal 
growth of the consortium between pH 6.5-7.5. 
The consortium of Flavobacterium species 
inoculated is a mesophilic bacterium and was 
able to grow well in the temperature range of 
28-32oC (Fig. 5). The optimum growth 
temperature was 29-30oC utilizing 20 mg l-1 of 
PCP. Temperature might play a significant role 
in nutrient availability for the degradation of 
organic pollutants. However, most laboratory 
investigations on PCP degradation have been 
carried out at an optimum temperature of 
30oC.10, 14-16 
The enriched and stabilized bacterial consortium 
was applied in a laboratory scale bioreactor for 
the removal of PCP from tannery effluent. The 
effluent, with a retention time of one day was 

continuously passed through the bioreactor 
column. Initial assessment of PCP in the tannery  
effluent showed 12 mg l-1 concentration; that was 
reduced to 91.0 % after 80 hrs.  In a similar 
experiment performed in a control reactor which 
was not inoculated with the consortium, the PCP 
concentration was reduced 12.0 % after 36 hrs 
(Fig. 6). During utilization of NaPCP as carbon 
source, a stoichiometric amount of chloride 
accumulated in the culture broth. PCP is a toxic 
recalcitrant compound not easily utilized by 
micro-organisms as their source of carbon and 
energy.14 The rapid utilization of PCP by the 
bacterial consortium in bioreactor was due to 
prior enrichment of the bacterial consortium.7,15 
contaminated with PCP which shows the 
bacterial consortium were able to tolerate and 
degrade the PCP.  
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Fig. 4 : Effect of pH ranges in between 5 to 9 on the growth of Flavobacterium species  
consortium 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 : Effect of temperature ranges in between 20 to 40oC on the growth of Flavobacter- 

ium species consortium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 : Growth of Flavobacterium species consortium in lab scale bioreactor and 100% 

reduction in PCP concentration in 80 hrs along with chloride release  
in compared of control 

pH
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CONCLUSION 
The enrichment potential for PCP degradation by 
this consortium of Flavobacterium species was 
enhanced during growth in the chemostat 91.0% 
reduction in PCP levels was observed within 80 
hrs, revealing possible applications of this 
consortium for bioremediation of sites 
concentration of 30mg/l-1. For cells degrading 
30 mg l-1 PCP, optimal growth occurred in the 
pH range between 6.5 and 7.0 at 30oC which 
indicate that the isolates were mesophilic 
characteristics. The consortium reduces the 
time and showed the effective and efficient 
degradation of PCP. The optimization of 
growth factors for the consortium showed 
optimum pH for best growth and temperature 
was 7.0 and 30oC respectively. These 
consortiums were further helpful in assessment 
of hydroquinone pathway of PCP degradation.   
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