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ABSTRACT 
Advanced oxidation and biological degradation are important treatment methods used for 
complete mineralization of organic pollutants present in the wastewater. Manufacturing plant 
of N,N’-Dichlorobis (2,4,6-trichlorophenyl) urea (CC2) produces wastewater containing 
pyridine, acetic acid, diphenyl urea etc. These pollutants must be treated before discharging 
into the environment. In our present investigation, our basic aim was to investigate the 
effectiveness of a combination of advanced oxidation processes (AOP) and batch aerobic 
biological degradation for the treatment of wastewater discharged from the CC2 plant. The 
Fenton’s reagent was found to be suitable for removal of COD from the wastewater but only 
67% COD removal was obtained. Experimental study in a batch aerobic biological reactor 
using enriched bacterial culture indicated that it is not able to destroy and remove the 
pollutants completely.  Hence a combination of advanced oxidation followed by aerobic 
biological degradation was tried for complete removal of pollutants. It was observed that the 
combo-system of advanced oxidation and biological treatment was able to mineralize the 
pollutants completely. 98% COD removal was achieved with in 30 hrs by the combined 
treatment of AOP and biological treatment.  
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INTRODUCTION  
N,N’-Dichlorobis(2,4,6-trichlorophenyl) 

urea (CC2) is a chemical decontaminant  of 
sulphur mustard1. The manufacturing plant of 
CC2 produces wastewater containing 
pyridine, acetic acid, diphenyl urea (DPU)2-4. 
These types of organic compound are also 
discharged through effluents from a variety 
of industries such as pharmaceuticals, dyes, 
pesticides and herbicides manufacture, shale 
oil processing, food processing and coal 
carbonization5-7.These organic compounds 

are harmful to environment. Therefore, 
industrial wastewater containing pyridine 
must be treated, before discharge into the 
environment. Various physico-chemical 
methods for treatment of wastewater 
containing pyridine have been cited in the 
literature. These include activated carbon 
adsorption, incineration and aqueous 
oxidation8. In one of the recent publication, 
pretreatment of wastewater containing a 
mixture of organic pollutants obtained from 
CC2 plant by coagulation has been reported9. 
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But these methods give incomplete solution 
to the pollution problem.  

Advanced oxidation process (AOP) is 
one of the techniques for complete 
mineralization of the organic pollutants.  It 
usually operates at or near ambient 
temperature and pressure10. Refractory 
pollutants may also be completely 
mineralized by adopting proper reactive 
oxidation system. In such cases AOP is much 
more effective than those adopted in 
conventional pollution processes10-12. In the 
AOP hydroxyl radicals are responsible for 
degradation of the pollutants10-13. We have 
separately communicated a detailed study of 
waste water produced form CC2 plant by 
various advanced oxidation processes. But 
treatment by AOP was not able to remove 
the pollutants completely. A maximum of 74 
% COD removal was achieved by advanced 
oxidation process. 

 On the other hand, environmentally-
benign biological treatment processes 
employing microorganisms are preferred for 
degradation of hazardous organic compounds 
released in the environment14-15. Very few 
reports are available on biodegradation of 
pyridine in presence of other organic 
compounds16. In their study pyridine was 
used as only source of nitrogen. A detailed 
study, was carried out to investigate the 
biodegradability of the mixture of organic 
pollutant present in the wastewater 
discharged from the CC2 plant and the result 
has been reported by a separate 
communication. Eighty two percent 
degradation of pyridine was achieved within 
26 hrs and 88% degradation of pyridine is 
achieved with in 45 hrs in the reactor. A 
maximum of 83% COD removal was 
achieved during the degradation process.  
Hence, it was observed that neither the 
advance oxidation process nor the aerobic 
biological degradation could result 100% 
removal of the pollutants from the effluent 
waste water. 
Objectives 

In the present study our basic aim was to 
degrade the organic pollutants present in the 
wastewater of CC2 plant. Hence we were 
interested to investigate the effectiveness of 
combined AOP and biological treatment to 
degrade pollutants of the wastewater. This 
paper deals with the degradation study of the 
wastewater containing pyridine, acetic acid 
and DPU by four types of advanced 
oxidation processes followed by 
biodegradation of wastewater a batch aerobic 
biological reactor utilizing an enriched 
bacterial culture. The effect of different 
parameters on the performance of the system 
was also investigated. It has been 
demonstrated that treatment by Fenton 
reagent followed by biological degradation is 
able to destroy pyridine and other organic 
pollutants almost completely.  

MATERIAL AND METHODS 
Wastewater was collected from the pilot 

plant of DRDE Gwalior, used for the 
production of CC-2 (Table 1). The 
wastewater contains acetic acid, pyridine, 
DPU and some other mono and di-
substituted byproducts. Triple distilled water 
was used for preparation of reagent solution. 
Experimental Set up 

Experiments were carried out in glass 
beaker for studying the COD removal by 
advanced oxidation at room temperature. A 
three phase gas-liquid-solid batch aerobic 
biological reactor was used for 
biodegradation study (Fig. 1). The bioreactor 
was constructed from glass and had an 
internal diameter of 130 mm and a working 
volume of 2 L. The bioreactor was fitted with 
a double coil condenser for condensing the 
evolved vapour from the reactor. A four flat-
blade disk turbine impeller was fixed in the 
reactor for agitation. Air entered at the base 
through a sintered glass distribution ball. The 
airflow rate (Q) was measured by a 
calibrated rotameter. The bioreactor was 
placed on a heating mantle, which was 
connected with a temperature indicator 
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controller (TIC). One temperature sensor 
(RTD) and dissolved oxygen (DO) sensor 

were inserted into the reactor.  

Table 1 : Characteristics of the waste water obtained from the pilot plant used for the 
production of CC2  

Colour Light yellow Brownish 

pH 3.7-3.9 

Total solid 1500-1800 mg L-1 

TDS 1250 mg L-1 

COD 11000-12500 mg L-1 

Conductivity 1100-1200 micro S cm-1 

BOD 8000-9000 mg L-1 

Pyridine 45-65 mg L-1 

Acetic acid 60-80 mg L-1 

DPU 10-15 mg L-1 
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Fig. 1 : A schematic diagram of the gas–liquid–solid three-phase batch aerobic biological 
reactor used for biodegradation experiments 

Experimental procedure 
Batch experiments were carried out in 

beakers kept at room temperature (25 oC). 
The waste solution (Table 1) was taken in a 
beaker and required quantities of Fe2+ (1 
mmol) and H2O2 (100 mmol) was added 
simultaneously into the waste material. In an 
earlier study it was observed that the 
maximum degradation was observed in 
Fenton’s process among all the advanced 
oxidation processes. Hence in this study the 
experiment was carried out with the Fenton’s 
reagent only. The content of the beaker was 
mixed continuously by a magnetic stirrer. 
Sample solutions were withdrawn at certain 
intervals (5, 15, 30, 60 and 90 min.) for 
analysis.  Three samples were taken each 
time and were analyzed. The reactions were 
carried out at pH of 4.0. The pH of the 
wastewater was manipulated by adding 
sulfuric acid and sodium hydroxide solution. 
After the treatment of advanced oxidation by 
Fenton’s process an output mixture was feed 
into the biological treatment unit.  

 The pH of the water solution was 
adjusted to 7.0 with sodium hydroxide 
solution. It has been reported that maximum 
degradation and growth of micro organisms 
occurred in the pH range of 6.8– 7.417. Hence 
in our experiment we have used neutralized 
waste. A volume of 0.95 L of this neutral 
solution and 50 ml of the basal medium were 
added into the bioreactor to get the desired 
final concentration of different nutrient as 
used in the culture development. The slurry 
was stirred at an rpm of 180, which was 
sufficient to keep proper mixing of the slurry 
in the reactor. The slurry was heated by the 
heating mantle and the temperature was 
maintained at 37±1 0C using the TIC. Air 

was passed through the slurry from a 
cylinder and the flow rate was monitored and 
controlled through a rotameter. A gas-
manifold with two air cylinders were used to 
keep the flow of air constant. Chilled water 
at a temperature of 2 0C was passed through 
the condenser of the reactor to avoid loss of 
volatile organics by evaporation. Reports are 
available that the temperature range of 30–37 
0C is optimal for the growth of Pseudomonas 
species isolated from sewage18-19. Hence in 
our experiments we have used a temperature 
of 37 0C. When the temperature of the slurry 
reached 37 0C, previously enriched biomass 
was added into the bioreactor as inoculum 
and stirring was continued. This time was 
taken as zero. Samples were taken out from 
the reactor at different time interval and were 
analyzed. Each time the three samples of 1 
ml each were drawn to get average values by 
analysis. One controlled experiment was 
carried out without the addition of biomass to 
see loss of organic matter by evaporation or 
sorption. 

 Bacterial culture was grown in shake 
flask and centrifuged at 3700 rpm for 5 
minutes to obtain the bacteria in pellet and 
this bio mass was used as inoculum in the 
bioreactor. From the pellet 1.2 and 1.8 g 
were used to have an X0 of 1200 mg L-1 and 
1800 mg L-1 respectively. The MLSS 
consisted mostly of microorganisms, non-
biodegradable suspended organic matter and 
other inert suspended matter. Since the 
biomass concentrations changed slowly with 
time in this work, it was assumed to be time-
independent during short time intervals. 
Analysis 

Samples of the wastewater were taken, 
centrifuged (model 1-15 K, SIGMA, 
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Germany) at an rpm of 10000 for 5 minutes, 
decanted and analyzed for concentration of 
pyridine, acetic acid and diphenyl urea using 
high performance liquid chromatography 
(HPLC), (Shimadzu, Japan, model LC- 6A) 
fitted with C-18 column. A UV detector 
(SPD-6AV) at a wavelength of 257 nm was 
used for scanning. The column temperature 
was kept at 40 0C. The mobile phase was a 
mixture of methanol and water (70:30) and 
the flow rate of the mobile phase was 1.5 
ml/min. 10 µL of each samples was injected 
into the column through Reheodyne injector. 
Chromatopac (C-R3A) was used as 
integrator and recorder. The average 
concentration of three samples drawn at a 
particular time from the reactor was taken. A 
digital pH meter (model: MP220), supplied 
by Mettler-Toledo, GmbH, Switzerland, 
Germany was used to measure the pH. COD 
was determined as described in APHA 
standard methods, 1998 under section 5220. 
Samples were drawn from the reactor and 
were centrifuged at 10000 rpm, and 
supernatant was used for the measurement of 
COD using the standard method. 

RESULTS AND DISCUSSION 
Advanced oxidation processes (AOP) 

can be effective for the treatment of waste 
water containing a mixture of pollutants. 
Four types of advanced oxidation processes 
(H2O2/Fe2+, H2O2/Fe2+(Fe3+)/UV, H2O2 

(without catalyst) and TiO2/hv/O2) have been 
studied earlier and it was demonstrated that 
Fenton’s reagent and Fenton’s type reaction 
is able to effectively destroy pyridine and 
other pollutants in the waste water 
discharged from CC2 plant. The rate of COD 
removal in present is in the order of 
H2O2/Fe2+ > TiO2/H2O2 > H2O2 (without 
catalyst) > TiO2. The effect of pH on COD 

removal was found out and it was observed 
that at lower pH (<4) the rate of degradation 
and removal of COD was higher for all the 
cases. But only 6 % increase in the COD 
removal was obtained with the decrease of 
pH from 4 to 2. Since in large scale industrial 
application it is not practically and 
economically viable to use the pH of 2.0, the 
degradation of pollutants by Fenton reaction 
can be carried out at the pH of the 
wastewater i.e at 3.7-3.9, where the COD 
removal is 61-67% at 25 0C. The effect of pH 
on COD removal is not prominent without 
catalyst.  The AOP removed almost 67 % 
COD as indicated in the Fig. 2. 

In a different study we have investigated 
the biological degradation of organic 
pollutants present in the waste water 
including pyridine in a gas–liquid–solid 
three-phase slurry bioreactor (SBR) by 
utilizing waste activated sludge. A culture of 
waste activated sludge was developed using 
waste from a pilot plant used for production 
of CC2. The bacterial responsible for the 
degradation of pyridine from the waste 
mixture was identified as Bacillus species. 
The actual waste was subjected to 
biodegradation in the SBR and it was found 
very effective and efficient for the 
biodegradation of pyridine and other organic 
pollutants from the waste mixture. It is clear 
from Fig. 3 that in biological process 
maximum COD removal was 88%.  

 It was observed from the above that 
neither the AOP treatment nor the biological 
treatment was effective to remove pyridine 
and the organic pollutants completely. In 
order to achieve complete degradation  
a combination of AOP and biological 
treatment was studied in the present 
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investigation. The treated waste water  
by Fenton’s reagent at room temperature,  
in which 67% COD removal was  

achieved, was charged in the SBR for 
biological degradation. 
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Fig. 2 : Rate of COD removal when the reaction was carried out at room temperature  
and pH 4.0 - Initial COD - 12500 mg O2 L-1, Fe2+ - 1 mmol, H2O2 - 100 mmol. 
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Fig. 3 : Change of COD during biodegradation of wastewater at 37 oC having initial COD of 
12500 mg L-1 in bioreactor where, X01=1800 mg L-1, X02=1200 mg L-1, Q1=1.0 LPM, Q2=0.5 

LPM, |So=45 mg L-1. 
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Fig. 4 : %COD removal of wastewater by biodegradation after AOP treatment by Fenton’s 
reaction.  AOP was carried out at room temperature and pH 3.70 with initial  

COD = 4125 mg L-1, in SBR with X0=1200 mg L-1 , Q=1.0 LPM, Initial COD - 12500  
mg O2 L-1, Fe2+ - 1 mmol, H2O2 - 100.  
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Fig. 5 : Comparison of the % COD removal of the actual wastewater in three processes, 1 is 
AOP treatment by Fenton’s reagent at room temperature, 2 is biological degradation and 3 is 

combined biological treatment after treatment by AOP. 
The waste water treated by AOP with 

Fenton’s reagent at room temperature for 100 
minutes was immediately studied for the 
degradation by biological studies. The same 
enriched culture of Bacillas species was used 
in SBR. The bioreactor was operated with an 
initial mixed liquor suspended solid (MLSS) 
of 1200 mg L-1 and an airflow rate of 1.0 
LPM. Fig. 4 shows the %COD removal of 
wastewater by biodegradation after AOP 
treatment by Fenton’s reaction. It was 
observed that if the original COD of the 
wastewater is considered then, in the 
biodegradation 98% overall COD removal 
was achieved with in 30 hrs. In the 
biodegradation the COD was reduced to 250 
mg L-1 from 4125 mg L-1, which means, 
COD removal of 94% was achieved when 
only biodegradation was considered.  Fig. 5 
shows the comparison of the % COD 
removal of the actual wastewater in three 
processes, namely, AOP, biodegradation and 
combined treatment of AOP and 
biodegradation. It is clear that the Fenton’s 
treated wastewater showed better 
amenability to biodegradation. This may be 
due to degradation of some complex 
molecule by Fenton’s reagent to much 
simple degraded compound that is easily 
biodegradable. The work needs to be further 
continued to investigate the products that are 
formed by the Fenton’s treatment. The 
method21 reported that for degradation of 
pyridine by combined treatment using 
Pseudomonas pseudoalcaligenes culture, 
96% COD removal was achieved but in the 
present study 98 % COD removal was 
achieved by using Bacillus species. Similar 
observations have been reported for phenol 
and creosote contaminated wastewater, 
wherein pretreatment by Fenton’s process 

has reportedly altered the constituent of the 
wastewater in making it more amenable to 
biodegradation29,30. 

CONCLUSION 
In the present study the effectiveness and 

complete mineralization of organic pollutants 
in the wastewater of CC2 plant was 
investigated. In order to achieve complete 
degradation a combination of AOP and 
biological treatment was studied. The treated 
wastewater by Fenton’s reagent at room 
temperature was charged in the aerobic 
bioreactor for biological degradation. The 
AOP removed almost 67 % COD and the 
remaining COD was removed by biological 
treatment.  98 % COD removal was achieved 
with in 30 hrs. In the biodegradation the 
COD was reduced to 250 mg L-1 from 4125 
mg L-1, which means, COD removal of 94 % 
was achieved when only biodegradation was 
considered. Hence it is clear that the 
Fenton’s treated wastewater showed better 
amenability to biodegradation. This may be 
due to degradation of the some complex 
molecule by Fenton’s treatment to much 
simplified material that is easily 
biodegradable. 
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