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ABSTRACT 

Environmental pollution has been an issue of great concern in recent years. In this context chlorinated organic compounds 

are found to be resistant to microbial degradation. Large quantities of higher chlorophenols are used in pressure treatment in the wood 

preservation industry. Lower chlorophenols serve as intermediates in the production of pesticides. In this study, parachlorophenol was 

degraded biologically using bacteria (Bacillus cereus) and fungi (Fusarium oxysporum) the aeration process. In the biological 

treatment technology, the organic compound was degraded by Bacilluscereus which gave 84%. The degradation was combined with 

processes such as electrooxidation, biological oxidation and photooxidation. Parachlorophenol was partially treated by 

electrooxidation process to make biodegradable compound.  The Fusarium oxysporumgave 90.4% degradation compare to bacterial 

strain. This study it was found that the fungi (Fusarium oxysporum) could degrade parachlorophenol effectively. Finally 

photocatalytic process was carried out, Biologicaloxidation, photooxidation 
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INRODUCTION 

Chlorinated phenolic compounds present in wastewaters of many chemical industries such as polymeric resin production, oil 

refining, iron-steel, petroleum, pesticide, paint, solvent, pharmaceuticals, wood preserving chemicals, coke-oven, paper and pulp, and 

industries have become of environmental concern due to their toxicity and resistance to degradation. The recalcitrant structure of 

Chlorophenols results from the carbon- halogen bond, which is cleaved with great difficulty and since their structure is highly stable, 

they accumulate in the environment. Focus in wastewater treatment has recently shifted to removal of toxic compounds. Despite the 

xenobiotic nature of these compounds, many are at least partially degradable by microorganisms, particularly if the microorganisms 

have been acclimated to a given wastewater. There are no systematic studies in literature on combination of electro oxidation and 

biological oxidation of para-chlorophenol (4-CP) containing wastewater in a range of feed 4-CP concentrations for COD, 4-CP and 

toxicity removals. Therefore, the major objective of this study is to investigate the electro oxidation and biological oxidation of 4-CP 

containing synthetic wastewater in the present study, parachlorophenol was degraded biologically and the chemical oxygen demand 

was analysed. Further, strains of bacteria Bacillus cereus and strains of fungi Fusarium oxysporum were used to study the 

comparative degradation of parachlorophenol under aerobic condition. 

MATERIALS METHODS 

Electrochemical Oxidation: Electrochemical Oxidation was carried out in an electrochemical batch reactor under galvanostatic 

condition at current density 1.5 A/dm2 using RuO2 coated with titanium mesh (Ti/RuOx-TiOx) as anode and stainless steel as 

cathode. Synthetic effluent containing Parachlorophenol was subjected to electrolysis. NaCl was added in the effluents which act as a 

supporting electrolyte. The electric circuit consisted of a regulated DC power supply connected to the reactor. The electrolyte was 

continuously stirred during the electrolysis using a magnetic stirrer. Electrochemical oxidation process was carried out for an 

electrolysis period of two hrs and sample was collected every one hour to estimate chemical oxygen demand (COD). 

Microbial   degradation: All the biodegradation experiments are carried out at room temperature in batch mode in 250 mL 

Erlenmeyer flasks and kept in rotary shaker for aerobic oxidation. Microbes are consecutively transferred into the nutrient medium 

with increasing concentrations of effluent. During the investigation, nutrient broth concentration is decreased from 90% (w/v) to 0% 

(w/v) and finally the organism is provided with effluent as sole source of nutrient. The effluent was taken after every additional hour 

of electrolytic degradation and then it was subjected to microbial degradation. Effluents that were collected at different time intervals 

of electrochemical pretreatment were continued for microbial oxidation. Then microbes such as Bacillus cereus and Fusarium 

oxysporum, were added at different concentrations to the effluent. The sample was collected every 24 hours and it was subjected to 

COD analysis. This experiment was continued for five days. Every day the samples were collected for observation bacterial and 

fungal growth. The observations are presented in tables.  

Photocatalytic oxidation: The experimental setup consists of a 500 mL glass beaker that contains effluent with photo catalysts (0.50 

g/ L of TiO2), placed on a magnetic stirrer. This setup is kept inside a reflecting mirror box. A 125 W, medium pressure mercury 

lamp is provided on top of the mirror box, which serves as the light source. Effluent with a photo catalyst is continuously stirred by a 

magnetic stirrer for complete mixing of reaction mixture maintaining the temperature of the content at 40◦C.In order to remove the 

microbes present in the effluent from post electrooxidation process, it is subjected to photocatalytic oxidation using 0.5 g/L of TiO2 as 

catalyst. In this process, 200 mL of sequentially treated effluent sample is taken in a 500 mL beaker and subjected to irradiation for 5 

h. During this period continuous stirring is done to expose the effluent for UV radiation. Samples are collected at regular intervals, 

filtered through Millipore membrane filters, and centrifuged to remove the catalyst particles prior to analysis. Samples are collected 

periodically and subjected to COD measurement. After the Photocatalytic oxidation process, 0.1 mL of sample is taken and subjected 

to spread plate analysis to ensure the absence of microbes. 

Analysis of COD: COD of the samples was determined using the dichromatic open reflux method strictly following the APHA.  In 

order to determine the extent of degradation of the effluent, chemical oxygen demand (COD) was measured. The organic matter of the 
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sample is oxidized with a known excess of potassium dichromate in a 50% sulphuric acid solution. The excess dichromate is titrated 

with a standard solution of ferrous ammonium sulfate solution. Experiments were repeated until the difference found was less than 

3%. 

Determination of BI: The biodegradability index (BI) was defined as the ratio of BOD to COD. The value ranged from zero to one. 

Morais and Zamora (2005) reported that samples of biodegradability index smaller than 0.3 were not appropriate for biological 

degradation. According to Chamarro et al (2001) for complete biodegradation, the effluent must present a bio- degradability index of 

at least 0.4 

RESULTS AND DISCUSSION 

Electrochemical pretreatment: The mechanism of electrochemical oxidation of wastewater is a complex phenomenon and the 

electrochemical indirect oxidation of organic contaminants on noble oxide coated catalytic anode occurs. The initial effluent has a 

noticeably low BI value. The samples with biodegradability index smaller than 0.3 are not appropriate for biological degradation. 

According to Chamarro et al (2001) for complete biodegradation, the effluent must present a biodegradability index of at least 0.4. 

Hence electro pretreated effluent with BI of 0.40 was suitable for microbial oxidation. The greater % COD reduction in microbial 

oxidation step could be obtained by increasing the degradation time in pre-electrochemical step by the way of enhancing the 

biodegradability of selected effluent. 

Microbial oxidation: Monod kinetics constants (substrate utilization, C = µm X/Y, substrate affinity constant, ks) are evaluated from 

the % of COD removal with time for  bacterial strains (B. Cereus) and fungal strains (F. oxysporum) and their regression coefficients 

are also presented in Table 2. High regression coefficients (mostly greater than 0.9) are found for these studies. This suggests that two 

parameters Monod kinetics model is suitable for describing the kinetic model for the removal of COD by biochemical oxidation. 

Monod kinetics model parameters found for the bacterial strain B. cereus (S0 = 1390 mg/ L, ks = 1398.3 mg /L, C = 0.279 mg/ L h, R2 

= 0.951).The fungal strain F. oxysporum (S0 = 1220 mg/ L, ks = 1144 mg/ L, C = 0.9156 mg/ L h, R2 = 0.99) which performed better 

in % COD reduction when compared to all other strains. It is to be noted from Table 2, at the end of 2 h of pre electrooxidation, COD 

of the initial effluent is reduced and while on addition of 20 mL of inoculum (broth containing microbial strain) to 180 mL of effluent 

the COD value is increased in the entire stream due to the presence of biomass and its growth.  

In case of the bacterial strain, B. cereus, the COD value increases from 1347 mg /L to 1390 mg/ L due to addition of broth 

and due to 5 days of biochemical oxidation, for B. cereus COD of the effluent reduced from 1390 mg/ L to 1087.9 mg/ L where as for 

the fungal strain F. oxysporum is considered, the COD value increases from 1347 mg/ L to 1385 mg/ L due to growth of biomass and 

after 5 days of biochemical oxidation reduced from 1385 mg/ L to 956 mg/L. Increased biomass concentration is responsible for 

effective degradation. The biodegradation of Industrial effluent containing parachlorophenol was carried out using bacteria and fungi, 

and the results showed that the effluent was effectively assimilated by the organism. Generally, the medium employed during the 

degradation of parachlorophenol used to contain necessary nutrients for the growth of the organism along with the parachlorophenol 

whereas in the present study, major quantity of electrochemically treated parachlorophenol solution itself was used as a medium. The 

total system was now having enough carbon and nitrogen compounds for the organism to consume as a nutrient. The acquaintance of 

organism towards the different environments when they were exploited to such was well described by Darwin as certain variations 

were natural when the organism struggled for its endurance under stringent fight for the food. 

Post electrochemical oxidation: The average value of mass coefficient (kL) is computed and presented in Table 2. The kinetics 

model parameters found to be better for the bacterial strain B. Cereus (kL = 0.211×10-3 cm/ s, R2 = 0.9982). For the fungal strain 

F.oxysporum(kL = 0.344×10−3 cm/s, R2 = 0.995) in % COD reduction when compared to all other strains. High regression coefficients 

are found for the post treatment studies suggest that the kinetic model is suitable for describing the post-electrochemical treatment. 

Photocatalytic oxidation: The plot of ln ([COD]/[COD]0)/([COD]−[COD]0) vs. t/([COD] − [COD]0) will be linear. The constant K2 

can be computed from the intercept, and k0 is the slope. K2 and k0 refers the contribution of hole alone and hole plus electron towards 

degradation. Kinetics constants of photocatalytic oxidation K2 and k0 are evaluated from the % of COD removal with time for the 

streams of bacterial strain (B.cereus) and fungal strain (F. oxysporum) and their regression coefficients are presented in Table 2. High 

regression coefficients (mostly greater than 0.99) are found for these studies. This suggests that two parameters of the kinetic model 

are suitable for describing the model for the removal of COD by photocatalytic oxidation in the studied concentration. The kinetic 

model parameters (Table 2) of the 2 bacterial strains B. Cereus ([COD]0 = 755.6 mg/ L, k0 = 5.0×10−3 min−1, K2 = 0.5×10−3 L/ mg, 

R2 = 0.994) and of the fungal strain F. oxysporum ([COD]0 = 743 mg/ L, k0 = 0.2×10−3 min−1,K2 = 0.5×10−3 L /mg, R2 = 0.992) From 

this result  bacterial strain has performed well for the degradation of effluent containing parachlorophenol.  The % of COD reduction 

(84%) is found to be better in the end of 5 h of photo oxidation. Where the fungal strain F. oxysporum is considered, the COD value 

reduced (90.4%) due to Photocatalytic oxidation.  

The samples collected from various streams are incubated for one day for the samples having bacterial strain and 3 days for 

the samples having fungal strains for microbial growth and subjected to spread plate analysis. The absence of microbes is ensured for 

the samples withdrawn after 5 h irradiation for all strains. Hence, it is clear that the treated effluent is brought back to reusable 

condition by 5 h of irradiation. The overall COD reductions obtained at end of the sequential study for the different effluent streams 

containing parachlorophenol are 83.8% to the effluent streams containing bacterial strains B. cereus. Further the reductions 90.4% in 

COD obtained to the effluent streams containing fungal strain F. oxysporum.(Table 1 & 2) 
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Table.1. Performance of Combined Process Treatment of Industrial Effluent Containing Parachlorophenol 

Parameters and Operating Conditions UNITS Pollutant –Parachlorophenol 

Initial COD mg/L 2060 

Electrochemical Pre Treatment 

Batch Reactor holdup, VR mL 400 

Charge input, Q Ah/L 3.75 

COD (after 2 h of Electro Oxidation) mg/L 1347 

BI  0.4 

Biochemical Oxidation 

Microbes  B. cereus F. oxysporum 

Effluent Volume mL 180 180 

Inoculums Volume mL 20 20 

Batch Reactor holdup, VR mL 200 200 

COD (after inoculum addition), mg/L 1390 1385 

COD (after 5 days of aerobic oxidation) mg/L 1087.9 956.3 

Electrochemical Post Treatment 

Batch Reactor holdup, VR mL 200 200 

Charge input, Q Ah/L 37.5 37.5 

COD (after 5h of Electro Oxidation) mg/L 755.6 527.7 

Photo Catalytic Oxidation 

Batch Reactor holdup, VR mL 200 200 

COD (after 5h of Photo Catalytic Oxidation) mg/L 332.4 197.8 

Overall COD Reduction (%)  83.8 90.4 

 

Table.2.Evaluated Parameters for Combined Process Treatment of Industrial Effluent Containing Parachlorophenol 

Parameters and Operating Conditions UNITS VALUES 

Biochemical Oxidation 

Microbes  B. cereus F. oxysporum 

Half velocity constant, ks mg/L 1398.3 1390.3 

Maximum rate of substrate utilization , C mg/Lh 0.279 0.695 

Regression coefficients, R2  0.951 0.996 

Electrochemical Post Treatment 

Mass transfer Coefficient, kLx103 cm /s 0.211 0.344 

Specific Electrode area, a 1/cm 0.096 0.096 

Regression coefficients, R2  0.9982 0.995 

Photo Catalytic Oxidation 

ko, x102, (constant for holes) 1/min 0.2 0.5 

K2 x103, (constant for holes & electron) L/mg 0.5 2.7 

R2  0.957 0.986 

CONCLUSION 

The experimental results showed that the integrated biologicalmethod with electrochemical oxidation and Photocatalytic 

oxidation is a viable alternate to reduce COD of the effluent containing parachlorophenol. The overallCOD reductions obtained at end 

of the sequential study for thedifferent effluent streams containing parachlorophenol are 83.8% to the effluent streams containing 

bacterial strainsB. Cereus.Further, the reduction 90.4% and inCOD obtained to the effluent streams containing fungal strain                

F. oxysporum.Photocatalytic oxidation method is useful not only to reduce the pollution load butalso to remove microbes. Hence the 

treated effluent can be reusedin the rinsing section of dye house after the removal total dissolvedsolids. 
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