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Abstract 

A phototrophic bacterial culture isolated from the contaminated soil around wood preserving 

industries was found to assimilate 2-chlorophenol (2-CP). The isolated bacterium was 

identified as Rhodopseudomonas palustris based on its morphological, biochemical and 

FAME-GC analysis. The cells were harvested in their log phase, immobilized in alginate and 

agar matrices. The immobilized cells were supplied with 0.6% (v/v) 2-CP to study the 

biodegradation potential.The cells were able to degrade 2-CP of about 95%. The degradation 

rate of 2-CP was monitored at 275nm using UV-Visible spectrometer at regular time 

intervals. The decrease in concentration of 2-CP and accumulation of metabolite was 

observed in the spectrum. The metabolites produced during degradation were characterized 

by TLC and GC-MS analysis. The immobilized cells were subjected to repeated batch culture 

technique.  Both agar and alginate matrices were stable with degradation ability for 7 

repeated cycles without decreasing its efficiency. 
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Introduction  

Commercially produced 2-Chlorophenol (2-CP) is a chemical used entirely as an 

intermediate in the production of other chemicals. It is a basic chemical feedstock in the 

manufacture of higher chlorophenols for such uses as fungicides, slimicides, bactericides, 

antiseptics, disinfectants, and wood and glue preservatives [7]. 2-CP is also used to form 

intermediates in the production of phenolic resins, and has been utilized in a process for 

extracting sulfur and nitrogen compounds from coal. There are believed to be no significant 

natural sources of 2-CP. Volatility and ability to bioaccumulate gives rise to concern that 2-

CP may be a global pollutant 

2-CP has been shown to impair the flavor of the edible portions of fish at very low 

concentrations in aquatic life. 2-CP is a suspected carcinogen that may also have reproductive 

effects. Excessive exposure to 2-CP may affect the eye, skin and the unborn child. [12] 

Immobilization of microbial cells has received increasing interest in the field of 

wastewater treatment [11]. Immobilized cells systems have the potential to degrade toxic 

chemicals faster than conventional wastewater treatment systems since high densities of 

specialized microorganisms are used in immobilized cell systems. Among the various cell 

immobilization methods that are available, entrapment in sodium alginate, and agar beads had 

been chosen for its ease of use, low cost, low toxicity and high operational stability. 

The objectives of this study were to characterize the biodegradation of 2-CP using 

immobilized microbial cells of Rhodopseudomonas palustris. 

Materials and Methods 

Bacterial isolation and characterization  
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The bacterium degrading 2-CP was isolated from industrial effluent by enrichment culture technique. The 

bacteria was purified by adopting standard microbiological procedures and characterized according to the 

Bergey’s Manual of Determinative Bacteriology [4] and fatty acid methyl ester analysis (FAME-GC) analysis. 

Media and growth conditions 

The culture was grown in mineral salt medium (MSM) in screw cap bottles. The MSM was supplemented with 

2-CP (0.2% v/v) as an electron donor after autoclaving the medium. The bacterial culture medium (MSM) 

comprised (g/L) of NaHCO3 (2.0), NH4Cl (2.0), NaCl (2.0), MgSO4 (0.4), K2HPO4 (0.4), Yeast extract (0.02%) 

and peptone (0.04%). NaNO2 (2.0) served as an electron acceptor under microaerobic conditions. Bacterium 

was maintained as liquid cultures by transfer to fresh medium weekly [5], [6].  

Immobilization of microorganisms 

 The 2-CP degrading bacteria were harvested in their log phase of growth from 1 liter of culture medium 

(MSM). The cell pellet obtained by centrifugation of the broth at 5000 rpm for 10min at 4
o
C, was used in 

immobilization experiments. Various methods and matrices were utilized for immobilization. Each one of these 

is described below. 

Alginate entrapment of cells 

Alginate entrapment of whole cells was carried out according to [1]. Alginate (4% w/v) was dissolved in boiling 

water and autoclaved at 121
o
C for 15 min. A 50ml bacterial cell suspension (1g wet weight cells in 2ml) was 

added to 10ml of sterilized alginate solution and mixed by stirring over a magnetic stirrer. This alginate-cell 

mixture was extruded drop by drop in to a cold, sterile 0.1M calcium chloride solution through a burette. The 

gel beads formed were left in the solution for one hour before being filtered off. The beads were washed with 

distilled water and used for further experiments. 

Agar entrapment of cells 

Agar entrapment of cells was carried out according to [11] using 4% (w/v) agar saline solution. 2.0ml of 

bacterial cell suspension (1g wet cell weight in saline) was added to 10ml agar 4% (w/v) solution, with 

continuous magnetic stirrer. The beads were prepared as described for alginate entrapment but with paraffin oil 

as immobilizing phase instead of CaCl2. These agar-cell beads were washed successively with distilled water 

and saline finally for further applications.  
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Batch culture of immobilized cells  

 A 10g of the alginate or agar immobilized beads containing 1.6X10
8
cfu g

-1
 of beads were transferred to 250ml 

serum bottles containing 125ml of mineral salt medium to which 0.6% (v/v) 2-CP was supplemented. Bacterium 

was cultured microaerobically in serum bottles. Samples of the culture broths were taken at regular time 

intervals. The decrease in concentration of the 2-CP was determined as described in Standard Methods for the 

Examination of Water and Wastewater [9]. 

Repeated batch culture of immobilized cells 

 For establishing the long term stability of the catabolic process of 2-CP degradation in the matrices by 

immobilized cells, repeated batch fermentations were carried out. After every incubation period of 5 days, the 

spent medium was decanted and beads were washed with sterilized water and transferred into a fresh MSM 

supplemented with 2-CP. Immobilized beads were incubated further under the similar conditions as mentioned 

above. 

Results  

The microorganism degrading 2-CP was isolated from industrial effluent by enrichment culture technique. The 

bacteria were identified as Rhodopseudomonas palustris.(Data not shown) 

Immobilization of Rhodopseudomonas palustris  

The immobilized R. palustris cells (Fig.1) mediated the degradation of 2-CP in batch cultures (Fig.2 & 

3). The alginate gel beads were found to be stable for more than 115 days as observed using repeated batch 

cultures of the immobilized cells. This also demonstrated that the 2-CP metabolism in these cells occurs even at 

concentrations between 0.4 to 0.8% (v/v) which is higher than toxic concentrations. 2-CP metabolism rates in 

both cases on continuous measurement for 115 days showed the accumulation of metabolite in the spent broth. 

The agar immobilized R. palustris cells were however stable and retained the degradability for 105 

days. Hence alginate is good matrix for the immobilization of 2-CP degrading bacterial cells in comparison to 

agar as immobilization matrix (Fig.4).  
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Fig.1. Rhodopseudomonas palustris degrading 2-CP immobilized in alginate matrix 

 

 

Fig.2. Degradation of 2-chlorophenol by R. palustris entrapped in alginate  
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Fig.3. Degradation of 2-chlorophenol by R. palustris entrapped in agar 

 

 

 

Fig.4. Comparison of the degradation of 2-chlorophenol by R. palustris entrapped in alginate and agar 
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Characterization of metabolites formed during the biodegradation of 2-chlorophenol by 

Rhodopseudomonas palustris. 

Metabolites that accumulated in the spent medium during the growth of R. palustris on 2-CP were 

isolated and characterized. The thin layer chromatography (TLC) analysis demonstrated the accumulation of a 

metabolite with an Rf value of 0.62 that corresponded to phenol on co-chromatography (Data not shown).  

This result established that phenol was one of the intermediary metabolite during the degradation of 2-CP by R. 

palustris. The identity of the metabolite was further confirmed by its GC-Mass spectrum (Data not shown). The 

involvement of this product in catabolism of 2-CP was further supported by its utilization studies in replacement 

studies. 

The degradation of 2-CP by R. palustris was also monitored by following the change in its absorbance 

maxima (275 nm) consequent to microbial growth at different incubation times. The 2-CP concentration greatly 

decreased with increasing incubation periods and also showed accumulation of metabolites (Fig.5).               

 

 

Fig.5. UV-Visible absorption spectra of organic extract of R. palustris grown spent medium 

 

Discussion  

Immobilization of microbial cells shows good prospects for improving the efficiency of certain 

bioprocesses. Compared with the use of suspended cells, immobilization has several potential advantages: (1) 
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simple and more reliable biomass retention, (2) increased volumetric biodegradation rate through the 

accumulation of high biomass, (3) high dilution rate without washout, and (4) enhanced retention and stability 

of slow-growing microorganisms, especially when growth rates are slowed down by inhibition. Biodegradation 

using immobilized cells has been widely investigated for several toxic compounds, including chlorophenol [10]. 

The immobilization of bacterial culture was more useful compared to free cells. However, the substrate toxicity 

is the major limiting factor in chlorophenol degradation by free cell culturing methods. This could be overcome 

by employing the immobilized cells. The immobilized cells have an important advantage of being employed as 

the components of bioreactors to treat the pollutants. In such instances the cells are not released to the 

environment and they also facilitate degradation of toxic pollutants at high concentrations, as may be observed 

in nature resulting due to the industrial effluent disposal practices. However, for immobilized cells the 

degradation rate was much higher than that of free cells. The immobilized cells could degrade a higher substrate 

concentration more efficiently and reached maximum degradation rates as compared to the free cells [2].  

Our studies on the immobilization of 2-CP degrading R. palustris in alginate and agar as immobilizing 

matrices revealed that alginate matrix is more promising with respect to gel bead stability as well as the 

degrading ability of substrate in comparison to agar matrix. The experiments on 2-CP metabolism with the two 

gel bead types demonstrated the accumulation of phenol in the spent medium, there by suggesting that rate of 2-

CP metabolism in immobilized cells would drastically increase than those of the free cells. The higher 2-CP 

degradation rates in case of immobilized cells was probably due to the higher cell density as well as cells being 

exposed to the toxic higher substrate concentrations for long period and thus cells must have been adapted to 

degrade the high concentration of substrates in their environment. Entrapment of microbial cells in alginate has 

been well studied, since it is easy to perform, inexpensive and non toxic for organisms. 

Several previous studies have shown the degradation of 2-CP by immobilized cells. Biodegradation of 

2-CP was studied using immobilized activated sludge. Stoichiometric amounts of free chloride detected at the 

end of the experiments confirmed mineralization of 2-CP [8]. 2, 4-dichlorophenol was removed efficiently by 

immobilized pure culture and mixed culture of Bacillus insolitus  [13]. A cell-free culture broth of 

Phanerochaete chrysosporium immobilized in polyurethane foam has been evaluated for the biodegradation of 
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chlorophenols [3]. Biodegradation of xenobiotics like 2-CP by alginate entrapped microbial cells have been 

reported [2]. 

The gel beads stability as well as 2-CP degradation capacity of alginate and agar immobilized R. 

palustris cells were studied. The immobilized cells mediated degradation of 2-CP in batch cultures. The alginate 

gel beads were found to be stable for more than 115 days as observed using repeated batch cultures of the 

immobilized cells. This also demonstrated that the 2-CP metabolism in these cells occurs even at concentrations 

between 0.4 to 0.8% (v/v) which is higher than toxic concentrations. The agar immobilized cells were however 

stable and retained the degradability only for 105 days. Hence alginate is good matrix for immobilization of 

bacterial cells in comparison to agar matrix. The reason for the low biodegradation activity of agar immobilized 

cells may be that an oily phase was used during the gel bead preparation by the interphase technique, and the oil 

adsorbed by gel beads may also result in impeding of the degradation rates for 2-CP. Moreover, the gel bead-

forming procedure was complex and ineffective, which made them less suitable for industrial biodegradation 

processes [14]. 2-CP degradation rates of immobilized cells have been attributed due to the higher cell densities 

and cell adaptations. The immobilized R. palustris cells can be used for at least 7-8 times. 

On a comparative basis of the 2-CP degradation rates between free R. palustris cells and immobilized, 

the immobilized cells were approximately 10 fold higher. The immobilized cells also carried out maximum 

degradation of substrate at higher concentration than that of free cells, suggesting that the immobilized cells are 

resistant to higher toxic concentrations of 2-CP. Thus immobilized cells were better degraders of 2-CP than the 

free cells. Thus, the potential of the immobilized bacterial cells can be harnessed for developing biotechnologies 

for decontamination of 2-CP from the polluted sites as well as water bodies.  
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