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ABSTRACT

Phenol, a synthetically and naturally produced aromatic compound is one of the most widely used
chemicals in the industrial processes. High solubility in water and the higher content in sewage make
phenol a potential water pollutant. Due to its toxicity, phenol at higher levels reduces or even inhibits
microbial population in effluents. A total of 28 bacterial forms were isolated from three industrial
effluent samples of which, 3 isolates (A9, B5 and C3) showed considerable amount of growth and
degradation potential at 200 mg/I concentration of phenol. Based on the 16S rDNA sequencing, A9, B5
and C3 were identified as Pseudomonas aeruginosa MTCC 1034, Pseudomonas fluorescens MTCC 2421
and Bacillus cereus ATCC 9634. The effects of parameters such as auxiliary carbon sources, nitrogen
sources, pH and temperature on the growth and aerobic degradation potential of the isolates were
evaluated. For all the isolates, the optimum conditions for growth and phenol degradation were 30°C,
pH 7.0, and at glucose and peptone concentration of 0.25 g/I. Within 48 hrs, P. aeruginosa MTCC 1034,
P. fluorescens MTCC 2421 and B. cereus ATCC 9634 degraded 76%, 83% and 74% of phenol,
respectively. Thus, based on their potential to aerobically degrade phenol at a higher concentration
these native microorganisms can be cost effectively used in the bioremediation of the polluted sites.

Keywords: Phenol, effluent, toxicity, degradation, sequencing

INTRODUCTION

Wastewaters from industrial and municipal sources eharacterized by presence of mixtures of
chemicals. Co-contamination of natural environmevite mixtures of organic and inorganic pollutaigts

an important problemPhenol is the major group of organic compound attarized by a benzene ring
with one or more hydroxyl groups. Phenol and chiatéd phenol like pentachlorophenol are some of the
major industrial pollutants from the industries Is&s pesticides, paper and pulp, textile, timbkstje,
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dyes, pharmaceuticals, tanneries, paints, gas eke, synthetic rubber, fertilizers, steel, oil nefiies,

etc.

The concentration of phenol in industrial effluemgsies. Its concentration can be as high as 10;p00
in coal gasification effluent. The permissible limof phenol in the discharged effluent is one
milligram/liter®.

Phenols are easily soluble in water and, hencesecthe carbolic odor in water. They cause toxiec$f
on aquatic flora and fauna and ultimately affee #tological balante One of the major phenolic
derivatives, o-phenyl phenol, which is a comporarihe disinfectant, binds to DNA of microorganisms
Similar to ethidium bromide, it intercalates betwdmses of nucleic acids, leading to lethal mutatio
Phenols inhibit respiration and bring about preaimn of proteins and are responsible for incrdase
cases of testicular cancer, breast tumors and asmiesperm courits

Phenol removal in water treatment and effluenttineat include super chlorination, ozonization and
activated carbon adsorptibrBut these methods are expensive as well as ementally prohibitive.
However, recently bioremediation is gaining morg@udarity in treating the industrial effluents ovbe
physical and chemical methods because of its ¢fesitiweness and ecofriendly nature.

Microbes play an important role in degrading sytithehemicals in sdil They have the capacity to
utilize virtually all naturally and syntheticallycourring compounds as their sole carbon and energy
source. Phenol biodegradation studies with theehattspecies have resulted in bringing out thesitbes
mechanism and also the enzyme involved in the geoddowever, these microorganisms suffer from
substrate inhibition at higher concentration ofieby which the growth is inhibitédThe efficiency of

the phenol degradation under such a condition caadfurther enhanced by the process of media
optimization and cell immobilizatidn.

Biodegradation of phenol using different microorngams is well documented. The potential of
Pseudomonas cepacRAA in bioremediation of aquatic wastes containpigenol, has been reported
Microbial degradation of pentachlorophenol by therdc bacterial cultures lik&lavobacterium sp.,
Rhodococcus sp., Arthrobacter sp., Pseudomonasasg.Mycobacterium sphad been reportét
Recently, white rot fungi likePhanerochaete chrysosporium, Trametes Bfeurotus flabellatusand
Agrocybe aegerithave been well investigated for bioremediation@itaminated soil due to the activity

of various lignolytic enzymes like lignin peroxidssand manganese peroxidases, which have major role
in degradation of phenol and chlorinated phehols

The present study aims @&blation of bacterial forms from different induatreffluents, screening for
their phenol degrading potential and studying tlifeces of several parameters involved in the
degradation.

EXPERIMENTAL

Collection of samplesEffluent samples were aseptically collected frone¢hdifferent locations of Jigani
Industrial Area, Bangalore using pre-sterilizedvimmoglass bottles (Schott Duran, Germany). The water
samples were transported to the laboratory withia loour from the time of sample collection andesdor
under refrigeration condition until usage. Prior wee, the water samples were brought to room
temperature, mixed well and processed on the sage d

Isolation of phenol degrading bacteria from the wagr samples:1 ml of the water from each sample
was serially diluted up to a dilution of £0Following serial dilution, 0.1 ml of each watensple was
spread plated on mineral salt agar fortified witleipol at a concentration of 50 mg/ |. The compasétiof
mineral salt medium (MSM) in g /l were KPO, 0.42, KHPO, 0.375, (NH).SO, 0.244, NaCl 0.015,
CaCb. 2H,0 0.015, MgS@7H,0 0.05, and FeGbH,O 0.054, agar 15; pH 7 + 0.1.The plates were
incubated at 37 °C for 24 hrs in a bacteriologinalibator for the appearance of the bacterial ¢efon
The colonies obtained were inoculated in slantsasoimg MSM fortified with 50 mg/l of phenol. Alhe
slants were stored at 4°C until used.
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Utilization of phenol at higher concentration: In the next step, in order to test the ability lod isolates
to utilize and degrade phenol at elevated concémiral ml of the saline suspension of the isolatbgh
showed growth on the Mineral Salt agar with a pheoocentration of 50 mg/l were then inoculated in
the broth form of the Mineral Salt broth, similaftyrtified with a phenol concentration of 200 mghe
ability of the isolates to degrade phenol was membsgpectrophotometrically by following the 4-amino
antipyrene method. Each of the tests in the detextioin of phenol degradatiowas conducted in
triplicates.

The 4-amino antipyrene method:When phenol reacts with 4-amino antipyrene at p&tQ@.1 in the
presence of potassium ferricyanide it forms a ealantipyrene dye. This dye is kept in aqueougisolu
and the absorbance is measured at 500 nm.

For degradation studies, 3 ml of the microbial glowere removed from each flask after every 24alnic
the samples were clarified by centrifugation at 8 for 5 minutes and supernatants were subjdoted
4-amino antipyrene method for monitoring the pheal toluene degradation.

70 pl of 0.5 N NHOH solution was added into each cell free supemd@FS) and pH was adjusted to
7.94£0.1 with phosphate buffer. 30 ul of 4 amindmwene solution was added and mixed well and 30 pl
of KsFe(CN}) solution was added. After 15 minutes incubatiordank, the aliquots were transferred to
guartz cuvettes and absorbance of sample was meaitmainst the blank at 500 nm. The controls were
maintained by subjecting the uninoculated media wdifferent concentrations of phenol to 4-amino
antipyrene method and the optical density value® wecorded. The efficiency of the isolates to ddgr
phenol was expressed as:

% Efficiency of degradation = [(Initial conc. of phol — residual conc. of phenol)/ Initial conc.pbfenol] x100

Characterization of the isolates: The screened bacterial isolates were identifiededasn their
morphological and biochemical characteristics. Therphological characteristics were identified by
culturing the isolates on nutrient agar plates €tndying the shape, size, color, opacity, texteleyation,
spreading nature and margin of the colonies, faldwby gram's staining and motility test. The
biochemical characterization of the isolates wagopmed by indole, methyl red test, Vogesproskauer
test, oxidase test, gelatin liquefaction test,théicase production test, starch hydrolysis tedtatd test,
testing growth at 4°C and 41°C and carbohydrate aantho acid utilization test. Bergey’'s Manual of
Determinative Bacteriology {7Edition) was used as a reference to identify soéaies.

Selection of the carbon supplementThe MSM broth containing 200 mg/l concentrationpbénol was
supplemented with different carbon sources likailslel starch, sucrose, lactose, maltose, fructoge an
glucose at a concentration of 0.1% (w/w). All thedia were inoculated with 1 ml of the individual
isolates and incubated for 72 hrs under dark cmmdiFollowing incubation, 4-amino antipyrene matho
of determining residual phenol was performed adtary 24 hrs and the data obtained from the stuehe w
represented graphically.

Selection of the nitrogen supplementThe MSM broth containing 200 mg/l concentrationspbgnol
was supplemented with the 0.1 % of the selectdobcasource and tested for the effect differenbgin
sources like peptone, tryptone, urea, casein, anumoohloride, ammonium sulphate and sodium nitrate
at a concentration of 0.1% (w/w). All the media eémnoculated with 1 ml of the individual isolatesda
incubated for 72 hrs under dark condition. Follagvimcubation, 4-amino antipyrene method of
determining residual phenol was performed afterye@d hrs and the data obtained from the study were
represented graphically.

Selection of the optimum pH:To optimize the growth condition for the best delgition of phenol by the
bacterial isolates, pH is one of the important peir that has to be optimized. So the MSM medium
substituted respectively with the best carbon datrdgen source was prepared in three Erlenmeyskgla
(each containing 100 ml of the media) and the pthose semi synthetic medium were set from 5 to 9
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with the increment of one unit and autoclaved. A&atoclaving the media were cooled and 1 ml of the
inoculum was added in a sterile condition. Follagvinoculation, the flasks were incubated under dark
condition for 72 hrs. Decolourization was measurgd-amino antipyrene method, every 24 hrs tilhv2
using UV spectrophotometer at 500 nm.

Selection of the optimum temperature: Temperature plays an important role in the growththe
organisms, so as to optimize the temperature fb#st degradation activity by the bacterial issatt

has been checked with different temperatures ssI@0%C, 25°C, 30°C, 35°C, 40°C and 45°C. The Minera
Salt broth medium substituted respectively withltleset carbon and nitrogen source was prepareden th
Erlenmeyer flasks (each containing 100 ml of theliaeand the optimized pH was set to the medium and
autoclaved. After autoclaving the media were coaed 1 ml of the inoculum was added in a sterile
condition. Following inoculation, the flasks wemcubated under dark condition at 20°C, 25°C, 30°C,
35°C, 40°C and 45°C for 72 hrs. Decolourization megsured by 4-amino antipyrene method, every 24
hrs till 72 hrs using UV spectrophotometer at 560 n

Molecular characterization of the isolatesThe selected isolates were grown in LB broth acdlated

at 37°C for 24 hrs at 200 rpm. Extraction of theamic DNA was done using Bacterial Genomic DNA
Isolation Kit RKT09 (Chromous Biotech Pvt. Ltd., ®glore, India) according to the manufacturer
instructions and visualized using 0.8% (w/v) agargsl electrophoresis. The 16S rRNA gene sequences
were amplified using the forward primer (5"-AGAGTGEATCCTGGCT CA -3") and reverse primer (5-
ACGGCTACCTTGTTACGACT-'3). The parameters for PCRsé&d amplification were as follows: an
initial denaturing cycle at 95°C for 4 minutes |éaved by 25 cycles of denaturation at 95°C for hume,
annealing at 60°C for 1 minute and extension aC7&t 3 minutes. A final extension cycle was catrie
out at 72°C for 7 minutes. The size of the PCR-#mpl product was verified by 1% (w/v) agarose gel
electrophoresis.

The genomic DNA of each selected isolate was semubat Chromous Biotech Pvt. Ltd., Bangalore,
India. The sequence obtained (about 1500 bp) wasiatlyt aligned using the Basic Local Alignment
Search Tool (BLASTN) and compared with small-subuiBSU) sequences deposited with NCBI
GenBank.

RESULTS AND DISCUSSION

The massive mobilization of organic pollutants atural resources or the introduction of xenobioitite

the biosphere leads to the persistence of a numfbenemicals in the biosphere and thus constitates
source of contamination. Often these organic patitsd comprise a potential group of chemicals whanh

be dreadfully hazardous to human health and aristaes to degradation. As they persist in the
environment, they are capable of long range tramspon, bioaccumulation in human and animal tissue
and biomagnification in food chain.

Biodegradation is used to describe the completeralization of the starting compound to simplersone
like CO,, H,0, NO; and other inorganic compouritisMicroorganisms play an important role in thediel

of environmental science by degrading and transfagnioxic compounds into non-toxic or less toxic
forms. Phenol and its derivatives are major xendtsip which are derived from the industries such as
paper and pulp, textiles, gas and coke, fertilizeesticides, steel and oil refineries &t€hey cause many

of the ill effects on human beings including candesides causing a natural imbalance. Phenol and
pentachlorphenol cause carboxylic odour in watdcrdbes found in natural water and soil have broad
ability to utilize virtually all naturally and somg&ynthetically occurring compounds as their soldaa

and energy sources, thus, recycling the fixed ocgaarbon back into harmless biomass and carbon
dioxide and resulting in clean up of environmertiefie are reports on many microorganisms capable of
degrading phenol through the action of variety nkynes. These enzymes may include oxygenases
hydroxylases, peroxidases, tyrosinases and oxidase.

109< | J. Chem. Bio. Phv. Sci. SeD. 2012. Vol.2. 10.2.1093-1101



Ex situ... Sourav Bhattacharya et al

Aerobically, phenol is first converted to catecramd subsequently, the catechol is degraded i ant
meta fission to intermediates of central metabalidine initial ring fission is catalyzed by an ortho
cleaving enzyme, catechol 1, 2 dioxygenase or Inyeta cleaving enzyme catechol 2, 3 dioxygenase,
where the product of ring fission is a cis-mucoaaid for the former and 2-hydro cis muconic semi
aldehyde for the latt&r

Isolation of phenol utilizing bacteria: When cultured on the MSM agar plates (supplemeniigd 50
mg/I of phenol), a total of 28 bacterial isolatesrg/obtained from the three effluent samples, atlwhl
(AL, A2, A3, A4, A5, A6, A7, A8, A9, A10 and All)eve from sample A, 7 from sample B (B1, B2, B3,
B4, B5, B6 and B7) and 10 from sample C (C1, C2,C8 C5, C6, C7, C8, C9 and C10) respectively.
Out of the 28 isolates, 3 isolates (A9, B5 and €®)wed considerable amount of degradation potemtial
200 mg/l concentration of phenol.

Morphological characterization of the isolates:In the present study, based on the selective angoh
methods using phenol as sole carbon source, ABangrew as translucent, non spreading, bluish green
pigment diffused colonies on nutrient agar plates were found to be gram negative rods in scattered
form while C3 appeared as opaque, flat, dirty whitéonies and was found to be gram positive rods in
short curved chain@able 1). All the three isolates were motile.

Table 1: Morphological characterization of the selecteddtes

Characteristics Bacterial isolates
A9 B5 C3

Shape Circular Circular Irregular

Color Green Green Dirty white

Opacity Translucent Translucent Opaque

Texture Mucoid Mucoid Non mucoid

Spreading . : .

nature Non spreading Non spreading Spreading

Elevation Flat Flat Flat

Margin Smooth Smooth Irregular

Gram Staining | Negative rods, scatte elgegatlve rods, POS.'“Ve rods ,short
Scattered chains

Motility Test Motile Motile Motile

Biochemical characterization of the isolateslsolates A9 and B5 tested positive for indole piaiitun
and methyl red test while C3 showed negative reQ8texhibited positive result for vogesproskaest t
and starch hydrolysis. All the three isolates weositive for gelatin hydrolysis, lecithinase protiog,
nitrate reduction and oxidase reaction. Only B5dpoed a diffusible, fluorescent pigment. PHB
accumulation was accounted in C3 alone. Amongdblates, A9 and C3 grew well at 41°C while only B5
demonstrated growth on nutrient agar plates at 4iGerms of the utilization of sugars, ribose and
mannitol remained unutilized. Xylose was utilizedyoby B5 and maltose was fermented by C3. Among
the amino acids, none of the isolates could utViakne, but alanine was utilized by A9 and arginlyy

B5 (Table 2).

Several studies on biological degradation of phdmase been conducted using various pure and mixed
cultures ofPseudomonas sf?, in which, phenol is degraded via the meta-pattfvayowever it has been
found that these bacteria suffer from substratebitian, whereby growth and consequently phenol
degradation is inhibited at high phenol concerdredf. Various methods have been proposed to overcome
substrate inhibition in order to treat high strénghenolic wastewater. These include adapting ¢lie to
higher phenol concentratibh immobilization of the cell§ and using genetically engineered
microorganisms. Another possible method increasing the tolerasfdie cells to substrate inhibition is

to supplement the growth medium with conventiorabon sources, such as yeast extract or glucose. It
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has also been noted that the presence of yeasicerinhanced the affinity é&fseudomonas putidi@r
phenof®.

Table 2 Biochemical characterization of isolates A9, B5 &&d

Biochemical Tests A9 B5 C3
Fluorescent, diffusible pigment - + -
Diffusible, non- fluorescent
pigment

PHB accumulation - -
Growth at 4°C - + -
Growth at 41°C + - +
Gelatin Liquefaction + + +
Lecithinase (egg yolk reaction) + + +
Nitrate as nitrogen source + + +
Denitification + - -

Indole + + -

Methyl red test + + -
Vogesproskauer test - - +
Oxidase reaction + + +
Starch Hydrolysis - - +
Utilization of D- Xylose - + -
Utilization of Maltose - - +
Utilization of D-Ribose - - -
Utilization of Mannitol - - -
Utilization of L- Valine - - -
Utilization of B- Alanine + - -
Utilization of L- Arginine - + -
Identified isolate P. aeruginosa| P. fluorescens | B. cereus

Effect of carbon supplement on phenol degradationMicrobial activities allow the mineralization of
some recalcitrant components into carbon dioxidd waater, and hence microbial transformation is
considered a major route for complete degradatfothese componerits The potency of microbes as
agents for degradation of several compounds thdisdtes biological treatment can be a major prowgisi
alternative to attenuate environmental impact ciuse pollutant®’. Many scientific approaches have
been used in thén situ and ex situ biodegradation of organic pollutants. However, thdent of
biodegradation is critically dependent on tempeggtipH, heavy metals, surfactants, nutrients and
presence of readily assimilable carbon sodfces

In our study, when the MSM was supplemented witkileumy carbon sources the best results of phenol
degradation of around #6% was achieved witP. fluorescensin media supplemented with glucose
(Figure 1).

Earlier studies on the role of simpler carbon sesircevealed that glucose supports growth and the
addition of this conventional carbon source suliisty increases cell densfy Similarly, addition of
non-toxic compounds may stimulate the viabilitycells and enhance degradation. It was proposed that
the presence of a more metabolizable carbon sqaguitted more rapid growth and the activity of the
phenol degradation pathway was suppressed in towagricken biomass acclimatization to glucose as th
alternate carbon source

109¢ | J. Chem. Bio. Phv. Sci. SeD. 2012. Vol.2. 10.2.1093-1101



Ex situ... Sourav Bhattacharya et al

B P. fluorescens 24 hrs
B P. fluorescens 48 hrs
u P. fluorescens 72 hrs

B P. geruginosa 24 hrs

M P. geruginosa 48 hrs

Percentage of Phenol
Degradation

H P. aeruginosa 72 hrs

B. cereus 24 hrs

Carbon Sources B. cereus 48 hrs

Figure 1: Effect of different carbon sources on percentageheinol degradation

Effect of nitrogen supplement on phenol degradation When the MSM was supplemented with
different sources of nitrogen it was found thattpaep supported the best degradation and a conbldera
amount of increase in the biomass occulfeidure 2). Our study is in accordance with an earlier study,
where the presence of peptone attenuated the faphemol removal to the highest level by using
Pseudomonas spn a mediumwith peptone and glucose as additional nutrfénfEhe rate of phenol
degradation was improved when peptone was supptechanthe concentration between 0.25 and 1.0 g/L,
with an optimum of 0.25 g/L. Peptone at low concaidn influences the rate of degradation; however
above 1.0 g/L peptone was inhibitory. A novel iredigusPseudomonas aeruginosérain MTCC 4996
was isolated from a pulp industrial effluent-conitaated site and was found to be capable of deggadin
phenol up to a concentration of 1,300 m{ lwithin 156 h using glucose and peptone at lower
concentrations which enhanced phenol degraddtion

90
g 5738 B P. fluorescens 24 hrs
- g gg B P. fluorescens 48 hrs
=
3 -§ %8 m P. fluorescens 72 hrs
[T}
= 10
2 g}’ 0 B P. geruginosa 24 hrs
Q
o e e 2 & 2 2 2 i
9 &00 &o‘\ \5@ & o"‘\ \Q,z;s "é,z;\. M P. geruginosa 48 hrs
K KL ¢ K& .
@ &< @o o & M P. aeruginosa 72 hrs
& S &
o 3 S B. cereus 24 hrs
& &
Yoo B. cereus 42 hrs
Nitrogen Sources B. cereus 72 hrs

Figure 2: Effect of different nitrogen sources on percentaigehenol degradation

Effect of pH on biodegradation of phenol:For optimum microbial activity in the environmerthe
preferred range of pH is between pH 6 t8. 8Therefore, it is not surprising to find that most
microorganisms have evolved with pH tolerancesiwithis rangé’. Figure 3 demonstrates the pattern of
phenol degradation by the three isolates undeetteet of different medium pH. All the three isaat
were able to grow on a wide range of pH from 5.9.thachieving the phenol degradation efficiencgin
range of 29.3 % to 78.3 %.The maximum degradatfiniency of 78.3 % was achieved at 7.0 By
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fluorescens High degradation efficiency was recorded at p® ahd 8.0. However, when the pH values
were lower than 7.0 and higher than 8.0, biodegiauafficiency was affected significantly.

Following growth, the decrease in the medium pH learan indicator of the phenol degradation and one
of the factors significant in the success of theldgical treatment. A slight reduction is obserasl
biomass grows and pH variation increases whennitialiphenol concentration increadeshe decrease

in pH suggests that biological degradation of pheyuzurs and with a stable pH of about 7 (and a
sufficient oxygen supply) phenol was successfuélgrdded. The pH significantly affects the biochexhic
reactions required for phenol degradation. Sew&ralies indicate that the best pH range for thenghe
degradation from effluents is 6.5- 7.5. Tests \pitieP. putidacould not efficiently resist pH charfge

90 -
80 - B P. fluorecsens 24 hrs
70 -
60 -

B P. fluorecsens 48 hrs

H P. fluorecsens 72 hrs

50
40 - = W P. aeruginosa 24 hrs
30 -+ M P. aeruginosa 48 hrs
20 - W P. aeruginosa 72 hrs
1 -
g B. cereus 24 hrs
pH5 pH 6 pH7 pH 8 pH9

Percentage of Phenol Degradation

B. cereus 48 hrs

B.cereus 72 hrs
pH

Figure 3: Effect of pH on percentage of phenol degradation

pH of the medium affects the substrate decompasitimte and phenol decomposition leads to a
considerable decrease in pH. Consequently, phegshdation is deteriorated as the medium pH deviate
from neutral conditioff. pH affects the surface charge of the cells ofativated sludge biomass. The
surface charge of biomass is predominantly negatree the pH range of 3—10. Phenol could be exgecte
to become negatively charged in phenoxide ion alzop#l of 9. Below a pH of 3, the overall surface
charge on cells becomes positive due to isoeleptiiat of activated sludge so the electrostati@ation
between phenol and activated sludge biomass witigignificant®.

Effect of incubation temperature on phenol degraddbn: Phenol degradation seems to be determined
by some environmental factors such as temperatnde paf® 2 3 *2 The rate and the extent of
degradation are relatively sensitive to deviationsside the optimal range A variation of 5°C may
cause a decrease in phenol degradation rate @stt50% at the lower end and almost 100% at titeehi
end. Regarding the temperature effect, our resams almost unanimous with the findings of other
workers, who found higher phenol removal efficiemmar 30°GFigure 4). Though significant level of
degradation was observed both at 25°C and 35%&astless than that at 30°C. Degradation was affecte
both at low as well as high temperatures.

Such decrease in the degradation rates could hiégdsn terms of the effect of temperature on the
bacterial growth. Growth rates, in general, rougtdyuble for each 10°C rise in temperature withi@ th

usual mesophilic range and the growth rates gdgedal not change between 35°C to 40°C, but
denaturation of proteins at higher temperaturesssigrowth rates of the mesophiles. However, differe

mixed cultures adapted at higher temperatures ttinum temperatures range of 40 to 45°C.

109¢ | J. Chem. Bio. Phv. Sci. SeD. 2012. Vol.2. 10.2.1093-1101



Ex situ... Sourav Bhattacharya et al

90 -+
-s 80 -
-E W P. fluorescens 24 hrs
© 70 -
o B P. fluorescens 48 hrs
[7) 60 -
o
S B P. fluorescens 72 hrs
< 50
£ 10 - . B P. geruginosa 24 hrs
L
;D 30 - &= W P. geruginosa 48 hrs
g 20 - M P. geruginosa 72 hrs
S 10 - B. cereus 24 hrs
a
0 - B. cereus 48 hrs
20°C  25°C 30°C 35°C 40°C 45°C B. cereus 72 hrs
Temperature

Figure 4: Effect of temperature on percentage of phenol digien

The findings of our study are similar to that insiog phenol degradation by soil pseudomonad and
Pseudomonas pictoruifh® The difference between phenol removal efficieac0°C is probably due to
the higher production of metabolites at this terapee”. However a study revealed thahenol
degradation was significantly inhibited at 36°C

Molecular characterization of the isolates using pdial 16S rDNA sequencing: The sequences of the
isolatesP. aeruginosa, P. fluoresceasdB. cereusbtained after the partial 16S rDNA sequencingef t
1500 bp long PCR-amplified products were depositedsenBank and subjected to the nucleotide
BLAST. The query sequences revealed that the eslatP. aeruginosa, P. fluoresceasd B. cereus
wereMTCC 1034, MTCC 2421 and ATCC 9634 with the acaassiumbers AF094719.1, CP000076.1
and U02893.1, respectively. The homology value & ABTN search showed 98%, 98% and 100%
sequence homology, respectively, with the regigté@S rDNA gene sequence in NCBI data base.

CONCLUSION

Results from this study have demonstrated thathiree isolates were capable to degrade phenolrend t
degradation was greatly influenced by the preseh@ixiliary carbon and nitrogen sources and caltur
conditions like pH and temperature. For all thdases, the optimum conditions for growth and phenol
degradation were 30°C, pH 7.0, 1 g/ | (0.1%) ofcgke and peptone. A degradation of 76%, 83% and
74% was obtained fd?. aeruginosaMTCC 1034 P. fluorescen$TCC 2421 and. cereusATCC 9634
respectively within a time period of 48 hrs. Theass of the study lies in the fact that these leze
natural isolates from the industrial effluents ptad with phenol and its derivatives and do nodnmaech
attenuation to bring about degradation. While nodghe phenol degradation studies have been peefdrm
anaerobically, this study was an attempt to study potential of the organisms to degrade phenol
aerobically. This observation can be considerddture as an alternate method to aerobically fpaanol
contaminated site .We recommend that the procasbeastudied further for it to be applied as areitu
technology.
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