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ABSTRACT 
The petroleum industry is one of the major sources of hazardous waste. Petrochemical wastes are 
considered to be major sources of hazardous waste resulting in health and environmental risk. The 
most important constituents include cyclohexanone, cyclohexanol, phenol, cyclohexane, benzene, 
ketones, carbazols etc. An ecofriendly technique for degradation of such wastes are Bioremediation 
where microorganisms are exploited to degrade the toxic pollutants to less or non-toxic compounds. 
The present study was aimed to evaluate the biodegradation potential of selected species of 
pseudomonas (P. stutzeri, P. alcaligens, P. putida, P.  aeruginosa) to degrade cyclohexanol and 
cyclohexanone by employing activated sludge process. The effect of pH on the degradation of the 
compounds and percent degradation of the compounds was analyzed using Gas chromatography. 
Complete biodegradation of cyclohexanone was obtained in the pH 8.5 but in the case of 
cyclohexanol only 96% of degradation was obtained at the pH 7.2. Mixed consortium of 
microorganisms has higher biodegradation potential than the single species. This study will 
contribute a significant part of biodegradation of petrochemicals, which plays a major role in the 
waste minimization of petrochemical industries for its sustainable development and protect 
environment. 
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INTRODUCTION 
Rapid growth of petrochemical industries 
owing to increasing number of oil wells has 
resulted in hydrocarbon contamination a one of 
the major environmental problems in the 
present scenario of environmental pollution. 
Petroleum hydrocarbons are causes widespread 
pollution during various stages of production, 
transportation, refining and use. Oil pollution 
from industrial sources and other activities at 
the harbor area pose great hazard to terrestrial 
and marine ecosystems. 
The removal of oil that has been accidentally 
spilled is a challenge to petroleum industry. 
The chemical composition of the crude oil 
comprises of a large number of normal and 
branched chain aliphatic hydrocarbons, 

alicyclic, aromatic and heterocyclic 
compounds making its degradation a complex 
phenomenon. Bacteria, fungi and algae and 
other microbes are capable of degrading almost 
any pollutant in the environment. The 
breakdown of petroleum hydrocarbons are 
through enzyme mediated reaction. 
Hydrocarbon degradation has been widely 
reported in laboratory-scale batch studies. 
However, studies demonstrating biological 
treatment of hydrocarbon rich wastewater in 
continuous flow bioreactors are limited and 
need attention.  
Pseudomonas appears to be the most 
ubiquitous bacteria found in oil contaminated 
soils. The ability of this species adapt to many 
different hydrocarbons in their substrate it is 
possible the degradation of most of the 
aromatic compounds in gasoline, although the *Author for correspondence 
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efficiency in degrading aromatics hydro- 
carbons can vary among strain.1 Gas 
chromatotographic analysis were used to 
analysis of polycyclic aromatic hydrocarbons.2 

Two key factors have a significant impact on 
bioremediation of petroleum hydrocarbon 
contamination, i.e., the microbial cultures 
present and measures used for enhancement of 
bioavailability.3 
The activated sludge process is the most 
widely used biological treatment process for 
waste water.4 It facilitates the transformation of 
dissolved organic pollutants in the waste water 
into carbon dioxide and water by 
microorganism. The ability of P. stutzeri, P. 
mullei and Alcaligenes sp. to degrade the 
petrochemicals like naphthalene, kerosene and 
diesel was studied.5 Decrease in the TPH 
concentration in different bioreactors with 
different oxygen concentrations.6 However, 
bacteria play the central role in hydrocarbon 
degradation. Mixed cultures carry out more 
extensive biodegradation of petroleum than 
pure cultures.7,8 
Nutrient availability, especially of nitrogen and 
phosphorus, seems to be the most limiting 
factor. It was confirmed that these nutrients 
enhance growth of microorganisms, which 
leads to more rapid decomposition of 
contaminants.9 Some bacteria grow and 
reproduce only when oxygen is present. They 
use the oxygen for the process of aerobic 
biodegradation. 
Cyclohexanol dehydrogenase catalyzes the 
oxidation of the substrate to cyclohexanone.10 
Cyclohexanone dehydrogenase oxidizes 
cyclohexanone to 2-cyclohexenone 2-Cyclo- 
hexenone hydratase and 3-hydroxy- 
cyclohexanone dehydrogenase convert 2-
cyclohexenone via 3-hydroxycyclohexanone 
into 1, 3-cyclohexanedione.11 
Aromatic petroleum hydrocarbons such as 
benzene, hexane, toluene, naphthalene and 
xylene, cyclohexane, cyclohexanol and 
cyclohexanone degrading bacteria such as 
Flavo-bacterium sp.1 and 2 and Pseudomonas 
sp. 1 and 2 were isolated from petroleum 
contaminated soil samples.12 The ability to 
degrade cyclohexanolin pure and mixed 
cultures was tested in the laboratory condition 

by using turbidometry growth curves and the 
degraded hydrocarbons using thin layer 
chromatography.13 Use of microbial flora for 
bioremediation of the contaminated sites 
requires isolation, identification, selection of 
suitable organisms as well as optimization of 
environmental parameters suitable for their 
growth. Microcosm experiment that 
temperature, concentration and different 
bacteria is the important variables for 
determining the success of bioremediation.14 
Mixed culture of bacteria’s P. stutzeri, P. 
aeruginosa, P. alcaligens, P.  putida were used 
in the biodegradation process. Batch mode 
experimental study was used to understand the 
biodegradation pattern of cyclohexanol and 
cyclohexanone. 
Cyclohexanol is the organic compound with 
the formula (CH2)5CHOH Billions of 
kilograms are produced annually, mainly used 
as a precursor to nylon66.  Cyclohexanol is 
one of the major petrochemicals toxic to the 
environment.Cyclohexanone is the organic 
compound with the formula (CH2)5CO. 
cyclohexanone is a chemical intermediate in 
the production of Adipic Acid and in the 
manufacture of Caprolactam.15 

MATERIAL AND METHODS 
Sample collection 
Activated sludge was obtained from waste 
water treatment plant of caprolactam 
manufacturing unit in Petrochemical and 
Division of the Fertilizer Chemicals 
Travancore Ltd a reputed petrochemical 
industry based at Cochin, Kerala. 
Preparation of synthetic effluent 
Waste water obtained from the effluent 
treatment plant varied greatly in their COD 
content. Therefore synthetic effluent was 
prepared by dissolving about 0.50g 
cyclohexanol, 0.50g cyclohexanone, 0.5g, 0.1g 
ammonium sulphate and 0.1g of phosphoric 
acid in 100 mL of distilled water. 
Preparation of activated sludge 
Five liters of the sludge was collected from   
the   waste   treatment  plant  of  a  caprolactam  
manufacturing unit. The sludge was allowed to 
settle for 1 hr  after which the supernatant was 
withdrawn.  One liter of the settled sludge was 
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acclimatized with synthetic waste water in the 
batch bioreactor. Acclimatization process 
involved the initial addition of waste water in 
such a concentration so as to the 
acclimatization was done for 48 hrs. Maintain 
COD and NO3 concentration at 500 mg/L and 
25 mg/L respectively. 
Reactor 
The reactors were fabricated in the laboratory 
using small plastic tank with five litre capacity. 
Compressed filtered air was passed 
continuously to ensure adequate aeration. 
Three reactors were fabricated to run three 
different pH conditions. pH of the reaction 
mixture was adjusted to 7.2, 4.5, 8.5 in reactors 
A, B, C respectively. 
Experimental set up 
Synthetic effluent was added slowly in to the 
batch reactors within a period of 30 minutes. 
The sludge was continuously aerated by 
admitting compressed air at a flow rate of 90 
l/h to maintain a dissolved oxygen level of 3-4 
mg/L which is required for any activated 
sludge process. The pH was maintained at pH 
7.5 in reactor A, 4.5 in reactor B and 8.5 in 
reactor C.  
Bacterial cultures 
P. stutzeri, P. aeruginosa, P. alcaligens, and P. 
putida were obtained from the microbiology 
laboratory of FACT. They were sub cultured in 
the laboratory to maintain the bacterial colony 
using nutrient agar and nutrient broth medium. 
A bacterial consortium was prepared and 
inoculated in to the bioreactor. 
Optimum process condition 
Microorganism continuously kept in 
concentration. Dissolved oxygen level was 
maintained 3-5 mg/L. Temperature of 
bioreactor was maintained room temperature 
which ranged 35-37°C. Samples were 
withdrawn from the reactor at every 2 hrs up to 
73 hrs frequent intervals, filtered and analyzed 
for the estimation of cyclohexanol and 
cyclohexanone. 
Composition of organic compounds 
Concentration  of  organic  compounds  can  be 
determined by Gas chromatographic method. 
Flame Ionization Detector (FID) is suitable for 
most organic analysis.  

Sample analysis 
Sample from the bioreactor was taken at 2 hrs. 
of intervals. The filtered sample of 1 micro 
litre was injected to GC using a micro syringe 
analysis was carried out. Amount of 
cyclohexanone and cyclohexanol were 
determined. Its reduction pattern by bacterial 
activity was analyzed. 
Physico-chemical characteristics of effluent   
The physic chemical parameters of the 
activated sludge were determined through 
standard protocols (APHA, 2005). 
 pH 
 conductivity  
 Turbidity 
 Estimation of total dissolved solids (TDS) 
 Total alkalinity 
 Total acidity 
 Chemical Oxygen Demand(COD) 
 Nitrate Nitrogen 
 Ammoniacal Nitrogen 
 Mixed Liquor Suspended Solid (MLSS) 
Statistical analysis 
The data were subjected to one way analysis of 
variance (ANOVA), and the significance of the 
difference between means were determined by 
Duncan’s multiple-range test (P < 0.05) using 
SPSS (Version 13.0, SPSS Inc., Wacker Drive, 
Chicago, USA). Values expressed are means of 
triplicate determinations ± standard deviation. 

RESULTS AND DISCUSSION 
Analysis of physico-chemical characteristics 
of sludge 
The physico chemical analysis of sludge has 
been determined by the standard protocols 
shows that the sludge having the colour of 
yellowish brown, total dissolved solids 3.1 g, 
which reveals the organic contents in the sludge. 
pH was determined as 7.2 which are neutral. 
Sludge its appearance itself shows that contain 
high turbidity of 49 NTU Turbidity exceeds the 
maximum permissible limits (5 NTU) required 
by WHO. Acidity was determined 6000 mg/L 
and the alkalinity was 480 mg/L. Analysis shows 
that the sludge contains high TDS, Turbidity and 
Acidity. (Table 1)  
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Table1: Physico chemical parameters of the sludge 

Parameters Sludge characteristics 
Colour yellowish brown 
TDS (g) 3.1 
pH 7.2 
Conductivity(S/m) 160 
Turbidity(NTU) 49 
Acidity (mg/L) 6000 
Alkalinity (mg/L) 480 

Cyclohexanone biodegradation 
Degradation reached zero at 52 hrs in the       
case of pH 7.2. But in the case of pH 4.5 it 
takes 76 hrs. For the complete reduction.        
In acidic pH the bacterial activity has          
been increased that results the high percentage 
of reduction within short duration that             
is  complete  reduction  at  48  hrs.  This results                           

shows that alkaline pH is suitable for 
cyclohexanone degradation by the mixed 
culture of Pseudomonas. This may be due to 
the neutralization of acids formed during        
the energy cycle of bacteria. From findings 
from the statistical analysis different values     
in the same column are significant (P<0.05) 
(Fig. 1). 

 
Fig. 1 : Degradation pattern of cyclohexanone at different pH 

Biodegradation of cyclohexanol  different ph 
The result shows that the 96%, 88%, 83% of 
degradation at the pH 7.2, 4.5 and 8.5 
respectively. This reveals highest degradation 
at the pH 7.2 that shows cyclohexanol 
utilization by Pseudomonas was high at neutral 
pH. Very slow degradation shows in the pH 
8.5, bacterial activity was reduced in this pH. 
(Fig. 2) 
COD Reduction 
Sample from bioreactor was taken for the 
analysis at frequent intervals. The COD 
showed a tendency to decrease throughout the 
experiment. And COD reduction in the various 
pH of the experiment. In this study at pH 7.2 
starting COD was 880 mg/L and it is decreased 

to 120 mg/L. In the case of pH 8.5 the staring 
COD was 900 mg/L and it coming down to 
160 mg/L. Where as in the case of pH 4.5 the 
starting COD was 920 mg/L and it decreased to 
140mg/L. (Fig. 3) 
Changes in NH3 
Bioreactor samples were taken for the analysis 
at frequent intervals. The ammonia showed a 
tendency to decrease throughout the 
experiment. A part of the ammonia consumed 
as a nutrient for the activated sludge process 
mainly Pseudomonas sp. The graphs show that 
the ammonia reduction at various time 
intervals in different experimental conditions. 
It shows that the gradual reduction of ammonia 
with increasing time. (Fig. 4) 
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Fig. 2 :  Degradation pattern of cyclohexanol at different pH 

 
Fig. 3 : COD Reduction at different experiments 

 

Fig. 4 : Changes in Ammoniacal Nitrogen 
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Changes in NO3-N 
Sample from Bioreactor was taken for            
the analysis of nitrate at frequent intervals.   
The nitrate nitrogen showed a tendency          
to increase throughout the experiment. A      

part of the ammonia was consumed                  
as a nutrient for the activated sludge        
process and the other portion was converted     
to nitrate by the action of aerobic bacteria.   
(Fig. 5) 

 
Fig. 5 : Changes in Nitrate Nitrogen 

 
Fig. 6 : MLSS growth 

MLSS Growth 
Samples from bioreactor were taken for the 
analysis of MLSS on alternate days. MLSS is a 
direct indication of bacterial growth. The 
favorable conditions for bacteria lead better bio 
mass production and hence better MLSS.     
(Fig. 6) 

CONCLUSION 
From this study it was clearly established that 
both cyclohexanol and cyclohexanone are 
biodegradable under the given conditions. 
Complete biodegradation of cyclohexanone is 

obtained in the pH 8.5 but in the case of 
cyclohexanol only 96% of degradation was 
obtained at the pH 7.2.  Mixed consortium of 
microorganisms has higher biodegradation 
potential than the single species. Mixed culture 
of Pseudomonas which includes cultures of P. 
stutzeri, P. aeruginosa, P. alcaligens, P. putida 
have the capability to degrade the petroleum 
hydrocarbons like Cyclohexanol and 
Cyclohexanone. This study showed that 
biodegradation rate of cyclohexanone is high 
as compared to the cyclohexanol. Alkaline pH 
shows high biodegradability (8.5) in the case of 
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cyclohexanone. But in the case of cyclohexanol 
high biodegradability was achieved at the 
neutral pH (7.2). The biodegradability was 
observed by Gas chromatographic method and 
COD method showed slight deviations.  This 
may be due to the partial conversion of 
cyclohexanone and cyclohexanol by bacteria 
during the energy cycle. Cyclohexanol and 
cyclohexanone are exposed to acclimatized 
activated sludge process exhibits sequential 
utilization. In the case of cyclohexanol it 
degraded and forms adipate and CO2 by the 
bacterial enzymatic action, which is nontoxic 
to the environment and biota. Biodegradation 
rate increases with increase in MLSS 
concentration, due to high bacterial activity. 
Cyclohexanone and cyclohexanol reduction 
was highly significant at pH (p<0.05). 
Chromatogram obtained from the study clearly 
established the degradation pattern of 
petrochemicals, Hence a biological treatment 
system can be used for petrochemical 
industries for waste management and 
sustainable development of the environment. 
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