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Abstract
The present study is aimed at biodegradation of 4-Chlorophenol and 2,4-
Dichlorophenol using Pseudomonas aeruginosa and Bacillus subtilis in the form of
mixed and pure cultures. Optimum degradation conditions of 30°C temperature and 7
pH for maximum removal rate of chlorophenols have been established in this study.
The mixed culture consisting of 50/50 Pseudomonas aeruginosa and Bacillus subtilis
cultures shows maximum chlorophenol removal efficiency as compared to pure culture.
After about 130 hours of contact, mixed culture could degrade the chlorophenols
completely. Finally considering the difficulties related to segregating pure cultures and
then using them for degradation, the use of mixed culture for chlorophenols removal

has been proposed.
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INTRODUCTION

Various chemical, biochemical and petrochemical
industries produce a wide range of highly toxic
pollutants in the environment. Amongst these
industrial pollutants organic compounds are the
most hazardous in general. The effluents often
consist of organic compounds, which have
developed a resistance towards biological
degradation, and hence they remain existing in the
environment. Hence, they have a capability of
getting accumulated and stay in animal and plant

tissues for a longer period of time. Many organic

pollutants in the effluent can definitely cause
serious hazards to the human life [1]-[4]. Many
organic aromatic compounds such as phenols and
phenolic compounds pose a serious threat to water
bodies, soil; has caused a great concern
worldwide. Different phenol derivatives are
considered as the most omnipresent types of
synthetic toxins in modern wastewater, produced
for the most part from oil refineries, coal plants,
polymer industries, petrochemical industries and

pharmaceutical industries [5]-[8].
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Phenolic  compounds are severely toxic
compounds to human life, aquatic life and others
[9]-[11]. Consumption of ~1 g of phenol is
considered to be deadly to humans [12].

Phenolic compounds are considered to be very
hazardous pollutants, and they are most difficult to
be eliminated [13]. They are not agreeable to
traditional treatment forms and, within the sight of
chlorine, can respond to deliver chlorophenols,
which are cancer-causing and considerably more
impervious to degradation than phenol itself. [14],
[15]. The Environmental Protection Agency
(USA) has made it mandatory to lower the content

of phenol in wastewater below 1 mg/L [16].

Chlorophenols are the most common foreign
impurities, which widely exist in wastewater from
many industrial conglomerates based on biocides,
plastics, paper and pulp, petrochemicals, oil
refineries [3], [17], [18]. Some of them get
produced while chlorinating of water bodies,
pesticides and chlorinated aromatic compounds
use [18]-[20]. Because of the high virulence,
exceptionally solid odour, ingenuity in the
environment and as they are cancer-causing to
living lifeforms, chlorophenols represent a genuine
biological issue as natural contaminators [18],
[19], [21].

2, 4 dichlorophenols, 2 chlorophenol (2 CP) and
other phenolic compounds have been incorporated
into EPA norms rundown of priority pollutants.
Also, 2 CP, 4 chlorophenol (4 CP) and 2, 4 DCP
are the most significant phenolic compounds
produced after water chlorination [15], [22], [23].
Worldwide, the highest tolerable concentration of
total content of phenol in the water bodies is set to
be less than 1 mg/L [24].

In any case, higher fixations were often found
polluted, where the prescribed levels of
chlorophenols could range from 150 - 200 mg/L
and beyond [25]. Ecological enactment in as far as
possible, the aggregate phenolic compounds in
water bodies released into the marine environment

ranges beyond 0.1 mg/L [26].

A biofilm reactor was used in continuous and
batch operation to determine the chlorophenol
degradation potential. It was concluded that, in
continuous flow biofilm reactor (CFBR) a
gradation of biomass happened, while biomass in
the sequencing batch biofilm reactor (SBBR) grew
consistently because of the utilization of a

propelled blade technique.

Under the shock loading conditions, degradation in
SBBR was superior to in CFBR. Be that as it may,
even the CFBR demonstrated a high adaptability,
i.e. it performed superior than anticipated [27], A
biofilm reactor consisting of activated granular
carbon was utilized for the degradation of 4-CP
and was explored under persistent stream task
utilizing a feed ranging from 20— 50 mg/L with a
living arrangement time of 1020 sec over 180 days
and the reactor showed 4-CP expulsion efficiency
ranging from 69-100% [28].

Soybean peroxidase and hydrogen peroxide were
utilized for removal of 4-CP from aqueous
solutions in a continuous tank reactor. The impact
of enzyme and substrate concentrations and
contact time, on the removal effectiveness of 4-CP
was contemplated. The reactor display was
fathomed and the hypothetical estimations of the
unfaltering state change were ascertained utilizing

inborn dynamic parameters.
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Forecast of enduring state conduct of the reactor
was affirmed utilizing the motor condition and the
design model, and in addition the intrinsic Kinetic
parameters by making a decent estimation between
the test and ascertained estimations of the
consistent state transformation [29].

In light of expanding political and social interest
regarding the environmental research on
purification of water which has been developing
widely over the most recent couple of years. As
quality of water and directions against unsafe
poisons have turned out to be stricter in numerous
nations [14], [30].

The administration of wastewater containing high
convergences of phenolic compounds speaks to a
noteworthy financial and ecological test to
generally businesses. This investigation goes for
building up an incorporated framework for
biodegradation of chlorophenols, thinking about 4-
chlorophenol (4-CP) and 2, 4-dichlorophenol (2,4-

DCP) as model contaminants.

2. EXPERIMENTAL

2.1 Methods

2.2.1 Stock solution of chlorophenol

The stocks of 800, 1000, 1200 and 1500 mg/L, 4-
Chlorophenol and 2,4-Dichlorophenol  were
prepared by dissolving chlorophenol in deionized
water. All compositions were prepared by diluting
the stock solution with deionized water, and pH
was changed in accordance with a particular
incentive with 1 M NaOH or HCI.

2.1.2 Wastewater containing Phenols

The synthetic wastewater (SWW) and Mineral salt
medium utilized for the batch assays was
preparedusing phosphate buffer (50 mmol)at 7.5
pH (Table I & I1).

Table 1. Composition of Phosphate buffer and

mineral salt medium

Phosphatebuffer Mineral salt medium
Constitue  Concentrati  Constitue Concentrat
nt on (g/L) nt ion (g/L)
Peptone 0.16 KoHPO4 0.5
Meat 011 MgSO4 0.2
extract
CaCl,. 0.01
Urea 0.03 2H,0
Sodlgm 0.007 NH;NO3 3
chloride
Calcium FeSO,.7H; 1.36
chloride 0.004 0
Magnesiu Na;MoOsa. 0.24
m sulfate 0.002 2H,0
CuS04.5H; 0.25
0]
ZnSQO4.7H; 0.58
0]
NiSO,4.6H; 0.11
0]
MnSOs4.H; 1.01
0]
HZSO4 1 mL/L

Table Il. Composition of synthetic wastewater

Constituent Quantity (mg/L)
Glucose 1000
Magnesium Sulphate 100
Di Potassium hydrogen phosphate 1100
Potassium di-hydrogen phosphate 550
Urea 250
Calcium Chloride 1

2.1.3 Batch experiments of chlorophenol
biodegradation

The biomass was generated by incubating the
cultures. The SWW was utilized for the
development of microbial cultures. Batch
cultivation experiments were performed utilizing
chlorophenols as single restricting substrate for
blended and unadulterated culture. Loopfull of
biomass is added to the manufactured wastewater
4-Chlorophenol and 2,4-
Dichlorophenol independently. The degree of

containing

chlorophenol degradation utilizing these diverse

initial concentrations was explored for a few times
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by discontinuous inspecting at each twelve hours
interim.

2.1.4 Continuous tubular reactor

A tubular glass bioreactor (0.4 cm id.; 5 mL
working volume) was utilized for the present
study. The mixed culture was immobilized onto
sodium alginate beads and the same were
sandwiched in between alternate glass wool
packings inside the reactor. Continuous flow of
mixed chlorophenols was maintained from the
bottom of the reactor using peristaltic pump at
very low flow rates. The effluent chlorophenol
stream was collected from the top of the reactor

and the samples were analyzed accordingly.

The degradation of Chlorophenols(R), was most
commonly utilized as a measure of biodegradation.
R=(C—-Cp)*D 1)

where C;= influent chlorophenol concentration,
Cf =steady state concentration of effluent

chlorophenol, and D = dilution rate.

Like numerous studies in the past on chlorophenol
removal, the unit utilized widely for R is mg/(L.h).
The unit is capable to be scaled-up to kg/(m.day)
(the degradation occurring per unit time per unit

volume) by multiplying a specific factor.

2.1.5 Analytical methods

Concentration of chlorophenol was measured
using  4-aminoantipyrine
method by Shimadzu UV-Vis 1800 model and the

absorbance of chlorophenol was measured at a

spectophotometric

wavelength of 510 nm.

RESULTS AND DISCUSSION

3.1 Batch removal of 4-Chlorophenol

The degradation behaviour of 4-chlorophenol was
studied at 800 ppm using microbial cultures of

Pseudomonas aeruginosa (PsA) and

Bacillussubtilis (BS) in pure and mixed forms. It is
clearly evident (Fig.1) that the mixed culture is
able to reduce chlorophenol concentration in less
amount of time. The measurements of
chlorophenols degraded using various cultures
were followed until it was completely degraded.
The results of these investigations show that the
mixed culture is efficient in biodegradation as
compared to the pure ones. At higher
concentrations, lag phase was observed, though the
well-acclimatized inoculum was utilized in these
investigations. Initially there is no chlorophenol
reduction until 36 hours of contact. The 4-
chlorophenol reduction potential is observed to be
similar for both the pure cultures. The mixed
culture is able to completely degrade the 4-
chlorophenol in a time span 120 hours. It was
observed that towards the end of the substrate
consumption curve, there is a region of relative
reduction in the rate of substrate removal. Two
possible explanations may be offered at this stage.
One is the deficit in availability of oxygen as these
experiments were done in cotton-plugged conical
flasks. Second being the reduction in pH levels
with the further consumption of the substrate. In
addition, the mixed culture must be creating a
synergistic effect and hence has a better

degradation efficiency towards 4-chlorophenol [6].
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Fig. 1 Effect of various bacterial cultures on

biodegradation behaviour of 800 ppm 4-
Chlorophenol
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3.2 Batch removal of 2,4-dichlorophenol

The degradation behaviour of 2,4-dichlorophenol
at 800 ppm concentration utilizing pure and mixed
microbial cultures shows a considerable variation
as compared to for 4-CP (Fig. 2). The
biodgradation potentials of various cultures were
assessed for individual chlorophenols to determine
their capabilities. The complete degradation of 4
CP takes a longer time duration as compared to for
2,4-DCP, which extendsupto 144h. The
degradation activity by mixed culture for 2,4-DCP
starts at a bit later stage of about 60h as compared
to for 4-CP. Similar results were obtained for
biodegradation of chlorophenols using
Pseudomonas fluorescensin co- culture with

Rhodococcuserythropolis[31].
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Fig. 2 Effect of various bacterial cultures on

biodegradation behaviour of 800 ppm 2,4-

Dichlorophenol

3.3 Batch

chlorophenols

biodegradation  of  mixed

The bacterial cultures utilized in the present study
were significantly able to degrade mixed
chlorophenols at 800 ppm (Fig. 3). The
degradation was found tobe complete usingall the
bacterial cultures. The difference in the
degradation using mixed and pure cultures was
much lesser while degrading mixed phenols, as

compared to 2,4 DCP. The degradation behaviour

using mixed culture is almost similar for mixed
chlorophenols as compared to 2,4-DCP.A
significant amount of degradation started after 30
h of contact time. After about 130 h of incubation
mixed culture is significantly able to degrade
mixed chlorophenols completely. There is no
reduction in degradation potential when mixed
chlorophenols are reduced using mixed culture.
Similar results were observed for phenol
biodegradationutilizingAspergillus awamori cells
[11].
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Fig. 3 Effect of various bacterial cultures on

biodegradation behaviour of 800 ppm mixed phenols

CONCLUSIONS

It can be concluded that mixed culture bacterial
strains were observed to be abetter substitute to
pure cultureschlorophenol degraders at an
optimum 7 pH and 30°C incubation temperature.
Introduction of glucose up to a certain specific low
concentration could certainly escalate the rate of
degradation, but inhibited the process of
degradation at higher concentrations. In addition,
few column degradation studies were performed.
This study puts a bright light on more cost-
effective applications of mixed bacterial strains for
chlorophenol removal at large scale specificallyin
industries, where it poses alarming difficulties, due

to its hazardous effects on environment.
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