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ABSTRACT

The conventional methods of removing phenols from wastewater are very
expensive. Degrading phenols and phenolic compounds by microorganisms is an
aternative technology. A variety of microorganisms are known to utilize phenol as
the sole carbon or energy source. Exploring the ability of microorganisms to
metabolize phenols has received much attention due to the environmental
persistence and its toxicity. In the time course study, Pseudomonas aeruginosa was
able to completely utilize phenol within 3 days with 0.02 h™ and 2819 mgL™* h™
specific growth rate and substrate consumption rate, respectively. In the present
study we also enhanced biodegradable capacity of P. aeruginosa by its media
optimization. Phenol degradable media was supplemented with different organic
nitrogen sources (Aspartic acid, Beef extract, Peptone, Tryptone and Y east extract,)
and metal ions (Copper, Iron, Nickel, Selenium, and Zinc). The maximum 89% of
phenol degradation was found to be yeast extract and peptone present media and
other nitrogen sources also showed the significant percent of biodegradation. The
metal ions zinc and selenium contained media showed the maximum 87% of
phenol degradation at a constant pH 7.0 and 35°C. This work may be supported to
select the best organic nitrogen source and meta ions for the large scae
biodegradation of phenal.

I ntroduction

Phenol is widely distributed as a
characteristic  pollutant due to its
commonly found in waste byproduct of
many industries such as oil refineries,
petrochemicals, dying, textiles, and coal
conversion (Bandhyopadhyay et al., 2001;
Yemendzhiev et al., 2008). Phenols
containing industry effluents are often

recalcitrance of phenol compounds. The
untreated industrials effluents which are
containing phenols compounds may lead
to contamination of soil and groundwater,
and their toxicity seriously affects living
organisms even at a low concentration.
The efficient removal of these compounds
IS necessary and gignificant  for
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environmental protection (Kibret et al.,
2000; Wang et al., 2009).

In environmental remediation, biological
methods have the advantage of reduced
capital and operating costs compared with
other methods, besides being ecofriendly.
Contemporary research underscores the
significance of microbia bioconversion as
a better strategy for remediation and
environmental  conservation  (Vidali,
2001). Recent literature on the methods of
removal of phenol and their compounds
from waste water focuses on adsorption
and microbial biodegradation process
(Battaglia-Brunet et al., 2002; Annadirai et
al., 2007; Chakraborty et al., 2010; Abd
El-Zaher et al., 2011)

The capability of microbes to remove
harmful  chemicals from  polluted
environments strongly depends on the

presence of other compounds. The
fluctuation in substrate loading aso
influenced the composition of the

microbial community in the biological
treatment system. The population shift in
microbial community was regarded as one
of the causes of the breakdown of those
treatment processes (Watanabe, 1999).
Certain species like Pseudomonas sp.
under very controlled conditions of pH,
temperature and in the presence of some
specific nutrients can degrade phenaol
(Rasmussen et al., 2002; Annadirai et al.,
2007). Babu et al., (1995) demonstrated
that the efficient degradation of phenol or
cresols/3-CBA  mixtures by a defined
mixed culture of two strains of
Pseudomonas at appropriate inoculums
and substrate ratios.

So many studies showed that optimizing
the culture medium could enhance the
biodegradation of xenobiotics. A positive
impact on biodegradation of some
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aliphatic chlorinated xenobiotics has been
observed when the culture medium
supplemented with minerals (Henery and
Grbic-Galic, 1995). It was also showed
that yeast extracts, vitamins, nitrogen
source and trace elements could
significantly  enhance the  aerobic
degradation rate of chlorobenzoic acid
isomers (Armenante et al., 1995; Fava et
al., 1995; Abd-El-Haleem et al., 2003). In
the present study we describe the effect of
different organic  nitrogen  sources
(Peptone, Beef extract, Yeast extract,
Tryptone and Aspartic acid) and metal
ions (Iron, Nickel, Selenium, Copper and
Zinc) on phenol degradation by newly
isolated Pseudomonas aeruginosa SPD10.

Materials and M ethods
Microorganism

In the present study newly isolated
Pseudomonas aeruginosa SPD10 was
used and it was maintained on nutrient
agar medium incorporated with yeast
extract (1.5 g/l), Beef Extract (1.59/1),
NaCl (5.0g/l), Agar (15g/l), tryptone (5
g/l), KH,PO, (1 g/l), MgSO,4 7H,0 (1 g/l),
thiamine (1 g/l), glucose (5 g/l) and stored
at 4°C until further use.

Biodegradation of phenal

Phenol degradation experiments were
caried out in 500 ml shake flask
containing 200 ml of Minimal Salt
Medium (MSM) as follows : NaoHPO, (6
g/l), KH,PO4 (3 g), NaCl (0.5 g/l), NH,CI
(1 dl), CaCl.2H,O0 (1 M/l) and
MgS0.7.H,0 (1 M/I). 2500mg" of phenol
was added to MS medium as sole carbon
source. Culture media pH was adjusted to
7.0 with 1 N NaOH or HCI and incubated
at 35°C in a temperature controlled orbital
shaker at 150 rpm for 72 hrsin triplicates.
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Phenol degradation and bacterial growth
was observed by P. aeruginosa SPD10
growing in MS medium containing
maximum concentration of 2500mg’ of
phenol. For each experiment freshly
prepared 5% (v/v) inoculums of OD 0.92
was used. Samples were taken at 6 h
intervals and analyzed for bacterial growth
and phenol concentration.

Phenol degradation rate (Qs, mgL™* h™)
and cell yield coefficient (Yxs, mg cell
mg * phenol) during the time course study
of the biodegradation processes were
determined by using the method of Pirt
(1975). Qs was determined from the
maximum slope in plot of phenol
concentration (mg L) versus time of
incubation.

Effect of different nitrogen source and
metal ions on phenol biodegradation

Effect of different nitrogen source on the
biodegradation of phenol was determined
by adding 1% of Peptone, Beef extract,
Yeast extract, Tryptone and Aspartic acid
separately to MS medium containing 1000
mg L™* phenol. Medium was adjusted to
pH 7.0 and incubated at 35°C in a
temperature controlled orbital shaker at
150 rpm for 48 hrsin triplicates. Similarly
effect of different metal ions (Iron, Nickel,
Selenium, Copper and Zinc) on the
biodegradation of phenol was also studied.

Estimation of phenol

Phenol was estimated by the
spectrophotometric  Method  4-amino-
antipyrene was used as the colouring agent
and the absorbance was measured at 510
nm by UV-Visible spectrophotometer
(APHA 1992). The percentage degradation
of phenol was calculated by the following
equation:
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Po — Pf
Po

X100

% of Degradation =

Results and Discussion

The time course for phenol degradation by
P. aeruginosa SPD10 was studied in
mineral salt medium amended 1000 mg
L™ of phenol and incubated for 4 days.
Periodic observations were made on
growth and phenol degradation. The
results are shown in Figure .1. Phenol
degradation began with an initial lag
period for about one day. This strain was
able to completely utilize phenol within 3
days with 0.02 h* and 2819 mg L' h™*
specific growth rate and substrate
consumption rate, respectively.
Muhammad Afzal et al., (2007)
reported that the maximum initia
concentration of phenol utilized by P.
aeruginosa was 2600 mg L™ with 0.016
h™ specific growth rate and 26.16 mg L™
h™* phenol degradation rate. The previous
reports on biodegradation of phenol in
batch processes were to a maximum
concentration of 1750 mg L7’
(Arutchelyan et al., 2006). In the present
investigation we found that the newly
isolated P. aeruginosa phenol degradation
capacity is high. This might be due to the
adaptation of P. aeruginosa at high phenol
concentration of industry effluents from
where we isolated.

1% of different nitrogen source such as
Peptone, Beef extract, Yeast extract,
Tryptone and Aspartic acid were
supplemented to MS medium containing
1000 mg L phenol and incubated at 35°C
in a temperature controlled orbital shaker
a 150 rpm for 48 hrs in triplicates.
Maximum 89% of phenol degradation was
found to be at yeast extract and peptone
present media (significant, <F) (Figure. 2).
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Figure.1 Time course study of phenol degradation by P. aeruginosa SPD10
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Figure.2 Effect of different nitrogen source on phenol degradation by P. aeruginosa SPD10
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Figure.3 Effect of different metal ions on phenol degradation by P. aeruginosa SPD10
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Other nitrogen source also showed
significant phenol degradation. Sourav
Bhattacharya et al. (2012) reported that the
the low concentration of Peptone
influences on phenol degradation as well
as above 1.0 g/L peptone was inhibitory.

Effect of different metal ions on phenal
degradation by P. aeruginosa SPD10

Effect of different metal ions such Cu, Fe,
Ni, Se and Zn on the biodegradation of
phenol was determined by adding 1%
separately to the culture medium. These
study were carried out in MS medium
containing 1000 mg L' phenol and
incubated at 35°C in a temperature
controlled orbital shaker at 150 rpm for 48
hrs in triplicates. Maximum 87% of
phenol degradation was achieved by
selenium and zinc amended media
(significant, <F) (Figure. 3). Other metal
ions also showed significant effect on
phenol degradation by P. aeruginosa
SPD10. The essential elements Cu, Fe, Mn
and Zn are required in low concentrations
by al kinds of life because they play
important role in metabolic processes
taking place in living cells (Botkin and
Keller 2005). However, elevated levels of
these elemnets are toxic to most organisms
(Kaplan, 2004).

In the present study, the newly isolated P.
aeruginosa SPD10 degraded phenol to a
maximum initial concentration of 1000 mg
L™ within 72 hours. P. aeruginosa SPD10
also proved to be a better strain in terms of
degrading higher concentration of phenol
and phenol degradation rates. Among
different nitrogen source yeast extract and
peptone enhanced the phenol degradation.
The presence of heavy metals selenium
and zinc in MS medium had a significant
(significant, <F) effect of phenol
biodegradation by P. aeruginosa SPD10.

68

The newly isolated P. aeruginosa SPD10
could be used as a potential organism for
bioremediation of phenol.

Acknowledgment

The authors would like to thank The
Director, Centre for Research and
Development, Bharathiar  University,
Coimbatore-46 for giving this opportunity.
The authors aso acknowledge and
gratefully thank Dr. Mazher Sultana,
Professor and Head, Dept. of Anima
Biotechnology, @ Presidency  College,
Chennai-5 for her helpful comments and
valuable discussions during the tenure of
the work. We also thank Ms. M. Narayani
for proofreading and language check.

References

Abd El-Zaher, EH. F., Y.A.G. Mahmoud
and Aly, M. M. 2011. Effect of different
concentrations of phenol on growth of
some fungi isolated from contaminated
soil.  African. J. Biotechnol. 10(8):
1384-1392.

Abd-El-Haleem Desouky, Usama Beshay,
Abdu O. Abdelhamid, Hassan Moawad
and Sahar Zaki. 2003. Effects of mixed
nitrogen sources on biodegradation of
phenol by immobilized Acinetobacter
sp. strain W-17, African. J.Biotechnol.
2(1):8-12.

Annadurai, G., L.Y. Ling and Lee, JF.
2007. Biodegradation of phenol by
Pseudomonas pictorum on immobilized
with chitin African. J.Biotechnol. 6(3):
296-303.

APHA (American Public Health
Association). 1992. Standard methods
for the examination of water and
wastewater (18" ed.). Washington DC,
USA.

Armenante, P., F. Fava and Kafkewitz, D.
1995. Effect of yeast extract on growth
kinetics during aerobic biodegradation



Int.J.Curr.Microbiol.App.Sci (2013) 2(6): 64-69

of chlorobenzoic acids. Biotechnol.
Bioeng. 47: 227-233.

Arutchelvan, V., V. Kanakasabai, R.
Elangovan, S. Nagargjan and
Muralikrishnan, V. 2006. Kinetics of
high strength phenol degradation using
Bacillus brevis, J. Hazard. Mater. B 129:
216-222.

Babu, K.S., P.V. Ajith-Kumar and Kunhi
A.A.M. 1995. Simultaneous degradation
of 3-chlorobenzoate and phenolic
compounds by a deWned mixed culture
of Pseudomonas spp. World. J
.Microbiol. Biotechnol. 11:148-152.

Bandhyopadhyay, K., D. Das, P
Bhattacharyya and Maiti, B.R. 2001.
Reaction engineering  studies on
biodegradation of phenol by

Pseudomonas putida MTCC 1194
immobilized on calcium alginate.
Biochem. Eng. J. 8:179-186.

Battaglia-Brunet, F., M.C. Dictor, F.
Garrido, C. Crouzet , D. Morin, K.
Dekeyser, M. Clarens and Baranger,
P.2002. An arsenic (lll)-oxidizing
bacterial population: selection, charact-
erization, and performance in reactors. J.
Appl. Microbiol. 93: 656-667.

Botkin, D.B., and Keller, E.A. 2005.
Environmental Science. 5" Edn. USA,
John Wiley and Sons.

Chakraborty, S., T. Bhattacharya, T.N.
Patel and Tiwari, K.K. 2010.
Biodegradation of phenol by native
microorganisms isolated from coke
processing wastewater. J. Environm.
Biol. 31: 293-296.

Fava, F., P. Armenante and Kafkewitz, D.
1995. Aerobic  degradation, and
dechlorination of 2-chlorophenol, 3-
chlorophenol and 4-chlorophenol by a
Pseudomonas pickettii  strain.  App.
Microbiol. Biotechnol. 43: 171-177.

Henery, S., and Grbic-Galic, D. 1995. Effect
of minera media on trichloroethylene
oxidation by aquifer methanotrophs.
Microb. Ecol. 20: 151-169.

Kaplan, D., 2004 Water pollution and
Bioremediation by Microalgae:

69

Absorption and Adsorption of Heavy
Metals by microalgae. In: Handbook of
Microalgal Culture: Biotechnology and
Applied Phycology. Richmond, A (Ed.).
Oxford, Blackwell 264-272.

Kibret, M., W. Somitsch and Robra, K.H.
2000. Characterization of a phenol
degrading mixed population by enzyme
assay. Water. Res. 4:1127-1134.

Muhammad Afzal, Samina Igbal , Sakandar
Rauf , Khaid, ZM. 2007.
Characteristics of phenol biodegradation
in saline solutions by monocultures of

Pseudomonas aeruginosa and
Pseudomonas pseudomallei.
J.Hazard.Mat.149 (2007) 60-66

Pirt, SJ., 1975. Principles of Cdll
Cultivation. Blackwell Scientific,
London.

Rasmussen, G., G. Fremmersvik and
Olsen, R.A. 2002. Treatment of

creosote-contaminated groundwater in a
peat/sand permeable barrier, a column
study. J. Hazard. Mater. 93: 285-306.

Sourav Bhattacharya, Arijit Das and Nalini,
P.2012. Ex ditu Biodegradation of
Phenol by Native Bacteria Flora
Isolated from Industria Effluent. J.
Chem. Bio. Phy. Sci. Sec., 2(2);1091-
1101.

Vidali, M., 2001. Bioremediation. An
overview. Pure. Appl. Chem 73:1163-
1172.

Wang, G., J. Wen, K. Li, C. Qiu and Li, H.
2009. Biodegradation of phenol and m-
cresol by Candida albicans PDY-07
under anaerobic condition. J .Ind.
Micraobiol. Biotechnol. 36:809-814.

Watanabe, K., M. Teramoto and Harayama,
S.1999. An outbreak of nonflocculating
catabolic  populations caused the
breekdown of a phenol-digesting
activated-sludge process. Appl. Environ.
Microbiol. 65:2813-2819.

Yemendzhiev, H. M. Gerginova, A.
Krastanov, . Stoilova and Alexieva, Z.
2008. Growth of Trametes versicolor on
phenol. J. Ind. Microbiol .Biotechnol.
35:1309-1312.



