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Abstract

Water pollution control is at present one of the major areas of scientific activity. The textile wastewaters are
characterized by extreme fluctuations in many parameters such as chemical oxygen demand (COD), hiochemical
oxygen demand (BOD), pH, colour and salinity. Biotreatment offers a cheaper and environmentally friendlier
alternative for colour removal in textile effluents. The ubiquitous nature of bacteria makes them invaluable tools in
effluent biotreatment. Potential decolourization and COD removal of the simulated effluent by each isolate were
investigated. The gram staining test showed the isolate to be non-motile, gram positive, spore forming, rod-shaped
bacteria. Biochemical characterization of the isolate revealed it to be negative for Indole, Methyl Red test. The
potential strain was phylogenetically identified as Bacillus. Only effluent-adapted isolates of Bacillus species have
relatively high COD removal activities while all the non-adapted isolates have high COD removal capabilities. This
study discovered effluent adapted strains of Bacillus with potentials for colour removal and strains of Bacillus
with potential use for COD removal. The results suggest that the non-adapted adapted isolates. Reports however
indicate that though several microorganisms may seem to have a potential for dye degradation, very few strains
can withstand the conditions of dyeing effluents thus the effluent-adapted strains may be better candidates for

potential bioremediative uses.
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[. INTRODUCTION

Water pollution control is at present one of the
major areas of scientific activity. Textile industries are
large industrial consumers of waters as well as
producers of wastewaters. With the increased demand
for textile products, the textile industry and its
wastewaters have been increasing proportionally,
making it one of the main sources of severe pollution
problems worldwide. The diversity in composition of
chemical reagents used in textile industries contributes
to much of the water pollution. The reagents range from
inorganic compounds to polymers and organic
products. Waste water generated by different
production steps of a textle mill have high pH,
temperature, detergents, oil, suspended and dissolved
solids, dispersants, leveling agents, toxic and
non-biodegradable  matter, color and alkalinity.
Important pollutants in textile effluent are mainly
recalcitrant organics, color, toxicants and surfactants,
chlorinated compounds (AOX). The textile wastewaters
are characterized by extreme fluctuations in many
parameters such as chemical oxygen demand (COD),
biochemical oxygen demand (BOD), pH, colour and
salinity.The process of adding colour to the fibres is
known as dyeing which normally requires large volumes

of water not only in the dye bath, but also during the
rinsing step? The process of dyeing involves the use
of different chemicals like salts, metals, surfactants,
organic  processing  assistants,  sulphide and
formaldehyde. There are more than 8,000 chemical
products associated with the dyeing process and over
100,000 commercially available dyes exist with over
7x105 metric tons of dyestuff produced annually
(chagas & duarrnt, 2001).

Approximately a half of all known dyes are azo
dyes, making them the largest group of synthetic
colorants. Azo dyes consist of a diazotized amine
coupled to an amine or phenol. Atleast 3000 different
varieties of azo dyes are extensively used in the textile,
paper, food, cosmetics and pharmaceutical industries
(yatome etal., 1981). Azo dyes are characterized by
the presence of one or more azo groups (R1-N=N-R2)
which are responsible for their colorations and when
such a bond is broken (degraded) the compound loses
its color. A related topic having received considerable
interest is the presence of color in effluents associated
with production of dyes. Biotreatment offers a cheaper
and environmentally friendlier alternative for colour
removal in textile effluents. The ubiquitous nature of
bacteria makes them invaluable tools in effluent
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biotreatment. The chemical nature of dyes varies, but
azo dyes are the most widely used. The oxidative
decolourizations of dyes of several classes have been
reported and azo dyes were found to be the most
recalcitrant compounds. (Maeir et al., 2004). The
decolourization of azo dyes has been found to be
effective under anaerobic conditions However, the
anaerobic degradation yields aromatic amines which
are mutagenic and toxic to humans and cannot be
metabolized further under the conditions which
generated them (Chung and Stevens, 1993; Do et al.,
2002). In activated sludge treatments of dye effluents,
reactive azo dyes and aromatic amino derivatives are
a non-biodegradable class of compounds which can
even inhibit activated sludge organism (Maeir et al.,
2004). It is thus important to explore the possibilities
of isolating efficient aerobic degraders for use in
decolourization and biotreatment of textile effluents. In
a hid to exploit the biodegradation abilities of our
indigenous microbial flora for premeditative purposes,
we isolated and screened organisms for the ability to
decolourize and/or reduce the COD of textile effluents.
The isolates were also screened for plasmids in order
to determine the contribution of extra-chromosomal
genetic factors to the degradative ability. The study is
aimed at discovering isolates with the potential for use
in biological treatment of textile effluents.con

Il. MATERIALS AND METHODS

(A) Sampling and analysis of effluent

Coimbatore is one of the most industrialized cities
in Tamil Nadu, India. It is known as the textile capital
of South India or the Manchester of the South India
(Lat.11°00'N, Long. 77°00" E) and was chosen for
effluent sample collection. The Effluent sample was
collected from the middle point of the area. Standard
procedures (Spot and Grab) were followed during
sampling. The Temperature and pH were determined
at the sampling site. The pH was determined by using
pH meter (Hanna digital pH meter, model-671-p) and
temperature with laboratory thermometer. The sample
was transported to laboratory at 4°C as in accordance
with the standard methods. The physicochemical
parameters such as (Colour, Electrical Conductivity
(EC), Biological Oxidation Demand (BOD) Chemical
Oxygen Demand (COD), Total Suspended Solids
(TSS), Total Dissolved Solids (TDS), heavy metal ions)
were determined as soon as the sample was brought
to the laboratory and are reported in Table 1

(B) Materials

All chemicals used are of analytical grade. The
reactive dyes used: Orange P3R, Yellow P3R, Blue
H5R, Violet P3R, Brown P5R, Black V3R, Orange P2R
were kindly donated by one of the textile companies
whose effluent was used as a source of effluent
adapted bacteria.

Table 1. Physicochemical characterization of the
textile effluent

S.No Parameter Units Effluent
1. |Colour - Black
2. | Smell Plungent
3. | Temperature |°C 40
4. |PH - 751
5. |EC 9565
6. |TSS Mhos/cm 1750
7. |TDS Mg It 5875
8. |C Mg It 2013
9. |Ca Mg | -1 1500
10. |Mg Mg It 889

(C) Sterilization techniques

All glass wares were washed with detergent,
rinsed thoroughly with distilled water and oven sterilized
at 80°C for 2.5 h. All polypropylene tubes and tips used
as well as media and solutions prepared were sterilized
by autoclaving at 121°C for 15 - 25 min. Inoculations
were done with flame sterilized loops and all
experiments were performed wearing sterile disposable
hand gloves.

(D) Sources of organisms

Textile effluent-adapted bacteria were isolated
from effluent samples collected from the discharge and
drainage pipes of three textile industries. The textile
effluent non-adapted bacteria were isolated from soil
samples taken from a municipal landfill. All isolations
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were done on nutrient agar using enrichment culture
techniques and the organisms identified to the generic
level using the Cowan and Steel Scheme (1993).

(E) Preparation of simulated effluent

A stock dye solution was prepared with 80 mg
of each of the seven dyes used per L; giving a
concentration of 5.6 g dyes mix/L. To prepare the
simulated effluent the stock solution was supplemented
with modified minimal medium (Mills et al., 1978) to
get a final conc- Olukanni et al. 1981 entration of 56
mg/L.

(F) Determination of biodegradation activity

Potential decolourization and COD removal of the
simulated effluent by each isolate were investigated.
Into 20 ml simulated effluent 2 x 105 cfu of the isolate
was added in transparent bottles (200 mg/L starch and
250 mg/L yeast extract were added as cosubstrates)
and cocked with sterile cotton wool. After 14 days
decolourization and COD removal were measured.
Decolourization was determined by measuring the
absorbance of the simulated effluent at the effluent
pre-determined | max (485 nm) and the absorbance of
the treated simulated effluent. The % decolourization
was calculated as [(Ao — At)/Ao] x 100%, Where is
absorbance of the simulated effluent and At the
absorbance of the treated simulated effluent 14 days
post microbial innoculation. The COD of the simulated
and treated effluents were determined by a standard
spectroscopic method (APHA, 1980).

(G) Plasmid screening

The isolates were screened for plasmids using
the plasmid isolation technique described by Kado and
Liu (1981) followed by electrophoresis on 0.8% agarose
gels. The gels were stained with ethidium bromide and
viewed on a UV transilluminator.

37

lll. RESULTS

(A) Isolation and identification

The study was started by screening for potential
textile Azo dye decolorizing bacteria isolated from the
textile industry effluent. Colonies surrounded by a
nearly decolorized zone were isolated and then tested
for dye removal capability using submerged culture.
Strains isolated from the white colonies were inoculated
in 100ml.of Nutrient broth in a 250ml.conical flask and
incubated at 35°C under static conditions. One strain
exhibiting highest decolorizing activity was chosen for
further studies. The gram staining test showed the
isolate to be non-motile, gram positive, spore forming,
rod-shaped bacteria. Biochemical characterization of
the isolate revealed it to be negative for Indole, Methyl
Red test. The potential strain was phylogenetically
identified as Bacillus. The results are compiled in
Table 2

(B) Source and identity of isolates

A total of 24 isolates were obtained; eighteen
organisms belonging to the genera, Bacillus, were
isolated from the textile effluents (effluent-adapted
bacteria) while six isolates belonging to the genus
Bacillus were isolated from the landfill site (effluent
nonadapted isolates).

(C) Biodegradation

The majority of the effluent adapted isolated
showed colour-removing activities between 40.74 and
47.73%. For the effluent adapted bacteria, isolates of
Bacillus may be potentially useful in decolourization
processes, Whereas the six nonadapted Bacillus
isolates seem to be potentially useful. The non-adapted
isolates had decolourization activities of between 40.25
and 46.63% . This was similar to that of the majority
of the effluent adapted organisms. The non-adapted
Bacillus isolates had a relatively higher mean % COD
removal when compared to the adapted microbes of
the same species or to the mean % COD removal for

Table 2 The sources and identity of the isolates

. Lactose .
Lab # G“"ms Shape Aerobic |MacConke fermentati Endospore Motility | Catalase | Oxidase \dentity
reaction growth [y growth (Genus)
T1 + Rod + + + + + - Bacillus
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all the adapted isolates. Only effluent-adapted isolates
of Bacillus species have relatively high COD removal
activities, while all the non-adapted isolates have high
COD removal capabilities.

(D) Plasmid screening

Plasmids were not detected in any of the isolates
from the effluent adapted or non- adapted sources.

[V. CONCLUSION

The textile industries are multi-chemical utilizing
concerns of which dyes of various types are of
importance. During the dyeing process a substantial
amount of dyes and other chemicals are lost in the
waste water. Estimates put the dye losses at between
10-15% (Vaidya and Datye, 1982). Though not
generally toxic to the environment, dyes colour water
bodies and may hinder light penetration thereby
affecting aquatic life and limiting the utilization (Ajayi
and Osibanjo, 1980; Goncalves et al., 2000). It has
been reported that a typical textile effluent contains a
dye mass concentration of 10-50 mg/L (Clarke and
Anliker, 1980). However, the human eye can detect
levels as low as 0.005 mg/L of reactive dyes in a clear
river (Pierce, 1994). In our study a simulated effluent
with a dye mass of 56 mg/L was used. The simulated
effluent was supplemented with starch and yeast
extract to provide nutrients for biomass maintenance
and to enhance biodegration (Do et al, 2002,
Padmavathy et al., 2003). The Biodegradation of
simulated textile effluent under aerobic condition and
the mean biodegradative activities of the isolated
genera are shown in Tables 3 and 4.

This study discovered effluent adapted strains of
Bacillus with potentials for colour removal and strains
of Bacillus with potential use for COD removal. The
municipal landfill site soils yielded strains of bacillus
with potentials for use in colour and COD removal.

Table 3 Biodegradation of simulated textile
effluent under aerobic condition

COD mgl/l
%
Decolour
Removal ization

Lab # | '9entity [initial [ Final | %
(Genus)

T1 |Bacillus | 1038 | 788 | 24.08 | 47.24

Table 4 Mean biodegradative activities of the
isolated genera.

%
0,
Genus N % COD Decolourizati
removal #
on#
Bacillus
T - Strains 11 42.40+4.92 | 41.13£1.69
N - Strains 6 55.89+1.70 | 43.95+0.91

This may be due to the significant exposureof
these organisms to a myriad of chemicals and materials
some of which contain dyes which are deposited in the
landfill which may cause a release of dyes to the soil.
The results suggest that the non-adapted bacillus
species have a relatively higher potential use than the
textile effluent adapted isolates. Reports however
indicate that though several microorganisms may seem
to have a potential for dye degradation, very few strains
can withstand the conditions of dyeing effluents (Maeir
et al.,, 2004); thus the effluent-adapted strains may be
better candidates for potential bioremediative uses.
However, our result does not indicate the involvement
of extra-chromosomal genes in the degradative activity
of the isolates. In conclusion, as a preliminary step in
the development of textile effluent biotreatment
processes involving indigenous microbes, we have
discovered textile effluent adapted strains oF Bacillus,
and effluent non-adapted Bacillus species with potential
use in effluent treatment.
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