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ABSTRACT

Azo dyes containing effluent from various textile industries adversely affects water resources,
soil fertility, aquatic organisms as well as animals. Pure cultures of bacteria or bacterial consortia
have been successfully applied for the biodegradation of toxic dye effluents. In this view,
toxicity analysis of Red BS and Methyl Red dyes and their biologically decolorized solutions
were studied on earthworm (Pheretima phosthuma), plants, and micro-organisms. Different types
of morphological symptoms were observed upon exposure of dye solutions on earthworm.
Mortality rate in terms of LD50 value was determined for both the dye solutions. The LD50 of
untreated Red BS and Methyl Red dye solution was 120.22 and 218.77mg l�l, respectively.
Alteration in the protein content was observed in various organs, head, clitella, and abdomen of
earthworms on exposure of dye solutions and the presence of proteins under stress condition
was studied using Sodium dodecyl sulphate-Polyacrylamide Gel Electrophoresis. Microbial
toxicity study revealed the impact of toxicity to be dependent on dye concentration and biologi-
cally decolorized dye samples are less toxic. Phytotoxicity study suggests that, percent germina-
tion, length of shoot, and leaf of Phaseolus mungo and Triticum aestivum are adversely affected
by the exposure of dye solutions in comparison to the decolorized dye solutions.

Keywords: Azo dye; Earthworm (Pheretima phosthuma); Phaseolus mungo; Triticum aestivum;
Red BS; Methyl Red

1. Introduction

In the past few decades, environmental pollution
has become one of the world’s major concerns. Azo
dyes are synthetic organic compounds characterized
by the presence of one or more azo bonds (–N=N–)

in association with one or more aromatic systems.
These synthetic dyes are extensively used in the tex-
tile and dyestuff industries. They are also widely
used in paper, food, cosmetics, and pharmaceutical
industries. Especially, dyes have been identified as
one of the most problematic compounds in textile
effluents as around 30% of the dye quantity remains
in the aqueous phase, mainly in hydrolyzed form
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thus imparting color to the resulting effluent stream
apart from their negative esthetic effects. Certain azo
dyes have been proved to be highly toxic [1] and in
some cases these compounds have also shown to be
mutagenic and carcinogenic [2]. Several physical and
chemical methods have been proposed for the treat-
ment of dye loaded waste streams, but generation of
sludge cause subsequent disposal problems. One of
the promising approaches is to promote the use of
microbes for the degradation of these compounds in
waste water treatment systems. Use of microbes/bio-
logical methods provide a more natural and a com-
plete clean up of the pollutants in a more economical
way [3]. Thus, in the present study, bacterial consor-
tium-Pseudomonas.aeruginosa, Escherichia hermanii and
Stenotrophomonas maltophilia (PES) was used for the
biological treatment of two azo dyes.

Among various hazardous compounds, accumula-
tion of dyes in the soil causes multiple problems
such as alteration in physico-chemical nature of the
soil, decrease in soil fertility, and causes adverse
effect on microbial fauna and flora and on soil inver-
tebrates. Therefore, it is necessary to investigate the
toxic impacts of dyes on environment using various
living organisms or cells as “analytical devices” [4].
One of the common soil invertebrate is the earth-
worm. Earthworms play an important role in the
enhancement of soil structure and fertility so benefi-
cial to plant growth and nutrient recycling [5]. More-
over, earthworms ingest soil contaminants and
absorb them through the skin, thus mortality of
earthworms may be considered as a valuable and
sensitive biomarker to diagnose adverse effect of
dyes in soil environment [6]. Dissolved substances in
industrial effluents even create an immediate envi-
ronment concern with regard to water quality which
directly influences the growth and productivity of
plants. Thus, plant growth parameters, namely per-
cent germination, seedling survival, and seedling
height, have been taken as criteria to assess plant
response to dye solutions by various researchers [7–
9]. Similarly, microbes are ubiquitously present in
soil and water, their growth is adversely affected by
the dye solutions. The toxicity of a chemical to
micro-organisms is normally measured in terms of
growth inhibition [10], oxygen consumption [11],
adenosine triphosphate level [12], enzyme activity
[13], and agar diffusion plate assay [14–16]. Thus, the
present study describes the effect of untreated (origi-
nal) and decolorized dye solutions on earthworm,
soil flora as well as on plants. The comparative study
determines the significance of biological treatment in
terms of decolorized sample which is less toxic than
native dye solution.

2. Materials and methods

2.1. Earthworm toxicity

2.1.1. Test organism

Earthworm (Pheretima phosthuma) was used as a
test organism in the present work.

2.1.2. Methods for collection

Earthworm is commonly found in the upper layer
of the earth, up to the depth of 30–50 cm from the sur-
face. The suitable appropriate time for the collection
of earthworm was found to be early morning in the
summer and noon time during the winter. The col-
lected live earthworms were stored in the plastic bags
filled with wet compost soil. Earthworms were placed
at 25˚C in the laboratory conditions. The experiments
were carried out as prescribed in the Organization for
Economic Cooperation and Development test protocol
[17]. Prior to the use of earthworm for experimental
work they were acclimatized for seven days under the
laboratory conditions. A wide mouth jar covered with
a muslin cloth having moist soil compost manure was
used as a feed medium for the earthworms. Adult
earthworms weighing 300–600mg having clitellum
were used in experiments.

2.1.3. Test solution/compound

Untreated and decolorized solutions of Red BS
and Methyl Red azo dyes were used in the present
study. These dye samples were procured from CAB
Chemicals GIDC, Ankleshwar, Gujarat.

2.1.4. Preparation of the test compound

Stock solutions of Red BS and Methyl Red were
prepared having a concentration of 25,000mg l�1.
From this stock solutions four different concentrations
100, 200, 300, 400mg l�1 and 100, 300, 500, and
700mg l�1 were prepared for Red BS dye and Methyl
Red dye solutions, respectively.

2.1.5. Toxicity determination

2.1.5.1. Method for treatment. Contact feeding
method was used for the exposure of the earthworms
to the untreated dye and decolorized solutions. Three
air-dried plastic beakers containing 500 g of soil were
amended with suitable dose of the untreated and
decolorized solutions of Red BS and Methyl Red,
respectively. The plastic beakers were marked for
their respective concentration, whereas one beaker
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was kept as a reference to determine the environmen-
tal effect. Five adult earthworms of same age and size
were released in each of the beakers. At regular time
intervals, weight of the earthworms and morphologi-
cal as well as pathological symptoms were monitored.
Percent mortality was determined on the basis of data
obtained on earthworms exposed to untreated dye
solutions. If mortality was found to be more than 20%
in the control set, then the entire experiment was
repeated.

2.1.5.2. Determination of the lethal dose (LD50). The
LD50 of Red BS and Methyl Red dyes was determined
by Probit-mortality curves [18]. Probit analysis was
used for assessing the acute toxicity of contaminants
in soil to earthworm. Oneway ANOVA (p< 0.05) and
correlation analysis was used for assessing the effects
of contaminants on growth and reproduction.

2.1.6. Determination of the total protein content

The effect of Red BS and Methyl Red dye solutions
was studied on the total protein content of the earth-
worms. Five adult earthworms were exposed to LD50

dose of respective dye solutions. Thereafter, the
exposed earthworm’s clitellum, head, and abdomen
were removed and suspended in 2ml of deionized
water and homogenized for 15min. The homogenate
thus obtained was centrifuged at 5,000 g for 10min at
4˚C and the supernatant was used for the estimation
of protein. Protein estimation was carried out using
bovine serum albumin as a standard [19].

2.2. Microbial toxicity

The microbial toxicity of the untreated and decol-
orized dye solutions was determined against test
microbes such as Escherichia coli, Azotobacter vinelandii,
and Azospirillum brasilence. Microbial toxicity study
was determined by agar well diffusion assay. Actively
grown micro-organisms were seeded on the nutrient
agar plates. Four wells of 8mm diameter each were
bored in nutrient agar media. The wells were filled
with 100ll of different concentrations of untreated
and decolorized solutions of Red BS and Methyl Red
dyes. The plates were incubated at 30˚C for 48 h and
zone of inhibition (in mm) was measured representing
the index of the toxicity.

2.3. Phytotoxicity

Phytotoxicity test was performed in order to assess
the toxicity of untreated and decolorized dye solutions
on plant growth. The phytotoxicity study was carried
at room temperature on two important crops Phaseolus

mungo and Triticum aestivum. Small plastic beakers
were first labeled as per the concentration of Red BS
and Methyl Red dye solution. Ten seeds of P. mungo
and T. aestivum were sown in the beakers containing
soil solution. At regular time interval different
concentrations (100 and 400mg l�1) of Red BS and
Methyl Red untreated and decolorized dye solutions
(10ml) were added and a beaker was supplied with
distilled water served as control for 7 days [20]. The
toxicity effect was measured in terms of percent ger-
mination and lengths of shoot/stem and leaves.

3. Results and discussion

Azo dyes Red BS and Methyl Red dye solutions
were decolorized using bacterial consortium-PES. Bac-
terial consortium-PES consists of three bacterial cul-
tures which were identified by using Bio Log 1420
system as well as on the basis of 16S rRNA sequence.
The phylogenetic tree was constructed by the neigh-
bor-joining method on the program Mega 3.1 and the
bacterial strains were identified as: Pseudomonas aeru-
ginosa (Gene Bank Accession No. GQ884172), Esche-
richia hermanii (Gene Bank Accession No. GQ884173),
and Stenotrophomonas maltophilia (Gene Bank Accession
No. GQ884174). The consortium had ability to decol-
orize the azo dyes (Red BS and Methyl Red) within 30
and 24 h, respectively. In order to study the effect of
untreated and decolorized dye solutions on different
biological systems, toxicity studies were done on
earthworm, plants, and micro-organisms.

3.1. Determination of earthworm toxicity

The earthworms which were selected for experi-
ment weighed more than 600mg and were about 10–
13 cm long. It has been reported that immature earth-
worms below 5 cm are generally susceptible to rapid
death regardless of exposure to concentration of toxic
compound [21]. The toxic effect of dye solutions were
recorded on earthworms between 7 and 14days of
exposure through direct contact cum feeding method.

Upon exposure to untreated Red BS and Methyl
Red solutions, the morphological symptoms of toxicity
in the earthworm (P. phosthuma) were observed. Slug-
gish movement of earthworms was observed which
may be due to excessive mucus secretion within three
days of incubation.

Upon further incubation, the disappearance of pig-
mentation was observed in the posterior region of the
earthworms exposed to untreated Methyl Red dye
(700mg l�l) and Red BS dye (400mg l�l) solution on
fourth and fifth days (Fig. 1(a)). However, in reference
earthworms no such changes were observed. Similar
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observations were also reported in the case of azodrin
pesticide exposed earthworms (Eisenia foetida) [22].
The exposed earthworms to untreated Methyl Red
and Red BS solutions also developed multiple lesions,
swelling of the clitellum, fragmentation, and subse-
quent autolysis (Fig. 1(b) and (c)) upon incubation of
5–6days. Such degeneration of earthworms indicates
the complete drain of utilizable level of energy
reserves and lead to the subsequent autolysis of its
own tissues to meet the energy requirements. The
results thus obtained could be an adaptive strategy
tide over the adverse conditions. Inherent capacity of
regeneration, the utilization of its own tissue from the
posterior region sparing anterior region containing
vital organs, thus arrest energy drain beyond its stor-
age capacity without affecting its survival. In earth-
worms (Polypheretima elongate), 50% detachment of one
or two of their posterior parts was observed after
three days of exposure to textile dyes [23]. Body rup-
tures, bloody lesions, and internal excessive formation
of glandular cell mass and disintegration of circular
and longitudinal muscles, which failed to regulate the
internal coelomic pressure, leading to fragmentation
in earthworms like morphological changes were
observed in earthworms (E. foetida) upon exposure of
an organ phosphorous pesticide [24]. Furthermore, in

the case of earthworms exposed to dye solutions,
coiling with weight loss was observed which may be
due to the muscular alterations and thereby leading to
difficulties in locomotion and their related ability to
feed themselves [25]. The findings are in agreement
with the observation of other researchers [25–27].

3.1.1. Mortality study of earthworm (P. posthuma)

Toxicity of Red BS and Methyl Red dye was deter-
mined using four different concentrations of test solu-
tions against P. phosthuma. The effect of dye solution
was concentration dependent with an increase in con-
centration of the dye, the percentage survival
decreased. The increase in mortality rate was observed
after 7 days of incubation with respect to the concen-
trations of dyes applied. The mean mortality values
were plotted against applied concentration of the dye
and LD50 was calculated according to the method
described by other researchers [18,28]. The LD50

obtained was 120.22 and 218.77mg l�l for the
untreated dye solution of Red BS and Methyl Red
solutions, respectively (Table 1(a) and (c) and Fig. 2(a)
and (c)). The LD50 for decolorized Red BS and Methyl
Red dye solutions was 229 and 331.1mg l�1,

Fig. 1. Morphological symptom due to adverse effect of Red BS and Methyl Red dyes exposure (a) loss of pigmentation
in the posterior region; (b) extrusion of coelomic fluid from the posterior; (c) fragmentation in the posterior end; and (d)
multiple lesion.
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respectively (Table 1(b) and (d) and Fig. 2(b) and (d)).
Low mortality values have also been reported in
earthworms by other researchers [21,26,27]. The death
of the earthworms was observed in reference was
with respect to the time.

3.1.2. Effect of dyes on total protein content

The amount of protein present varies in different
organs/body parts of the earthworm. The protein con-
tent of head, clitellum, and abdomen was measured
on 9th and 11th days in the earthworms exposed to
LD50 dose of dyes and in the reference (control) earth-
worm. The total protein content was found to be
1,212± 0.1 lgml�1 in the head; 2,145 ± 1.1 lgml�1 in
the clitellum, and 4,570 ± 0.56lgml�1 in the abdomen
region. For earthworms exposed to untreated Red BS
dye solution, total protein content was found to be
958± 0.11lgml�1 in the head; 1,045 ± 0.15lgml�1 in
the clitellum, and 1,950 ± 0.2lgml�1 in the abdomen
region, whereas in the case of decolorized Red BS dye
exposed earthworm total protein content was found to
be 1,067± 0.25 lgml�1 in the head; 1,546 ± 0.12lgml�1

in the clitellum; and 3,410 ± 0.6 lgml�1 in the abdo-
men region. The total protein content in earthworms
exposed to untreated Methyl Red solution was found
to be 1,000 ± 0.01lgml�1 in the head; 1,212
± 0.12lgml�1 in the clitellum, and 2,400 ± 0.4lgml�1

in the abdomen region, while in earthworm exposed
to decolorized Methyl Red dye solution the total pro-
tein content was found to be 1,170 ± 0.02lgml�1 in the
head; 1,610 ± 0.06lgml�1 in the clitellum, and 2,764
± 0.5 lgml�1 in the abdomen region. There was reduc-
tion in protein content in all parts of the earthworm
exposed to dye solutions as compared to the reference
(control) earthworms (Fig. 3). The decrease in protein
content may be attributed to catabolism of protein
and glycogen in response to worm energy demand
and to overcome the stress situation [29–31]. Reduc-
tion in total protein content upon long-term exposure
to chemical fertilizer and this decrease in protein con-
tent were due to a mechanical lipoprotein formation
which may be used to repair the damages to various
tissues and organs [32]. Even reduction of worm pro-
tein content was one of the primary toxic effects of
various pesticides and the decrease may be due an

Table 1
Percent mortality of (a) untreated Red BS, (b) decolorized Red BS dye and percent mortality of, (c) untreated Methyl Red,
and (d) decolorized Methyl Red dye solution on the earthworm

No. Concentrations (mg l�l) Log dose Earthworm exposed % killed % correcteda Probit

(a)

1 100 2 5 40 38 4.75

2 200 2.3 5 60 57 5.25

3 300 2.47 5 80 76 5.84

4 400 2.6 5 100 95 6.64

(b)

1 100 2 5 0 5 3.36

2 200 2.3 5 20 19 4.16

3 300 2.5 5 60 57 4.69

4 400 2.6 5 80 76 5.18

(c)

1 100 2 5 20 19 4.16

2 300 2.5 5 60 57 5.25

3 500 2.7 5 80 76 5.84

4 700 2.9 5 100 95 6.64

(d)

1 100 2 5 0 5 3.36

2 300 2.5 5 20 19 4.75

2 500 2.7 5 80 76 5.85

3 700 2.9 5 100 95 6.64

a% Corrected values are with 95% confidence limit.
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early defense reaction to the pesticides stress [33].
Similar kind of studies and effect of pesticide on pro-
teins and enzymes of different organisms have been
also cited by various researchers [34–36].

3.1.3. SDS-PAGE

Upon exposure of earthworms to untreated Red
BS and Methyl Red dyes, change in protein content
was observed. The crude protein content of head,
clitellum, and abdomen of earthworm showed the
distinct bands from low to high molecular weight.
Fig. 4 represents protein profile of clitellum, head,
and abdomen of earthworms exposed to Methyl Red
and Red BS dyes and reference earthworm. The
result determines less numbers of bands were seen
in head, clitella, and abdomen content of Methyl Red
and Red BS dye exposed earthworms in contrast
to reference earthworms. This pattern indicates the
level of expression of protein differs under stress
conditions.

3.2. Microbial toxicity

Microbial toxicity was determined by an agar
well diffusion assay. Different concentrations, 100–
400mg l�1 of untreated and decolorized Red BS and
100–700mg l�1 of Methyl Red dye solutions, were
used and tested against certain microbial cultures
such as E. coli, A. vinelandii, and A. brasilence. Zone
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Fig. 2. Mortality curve of earthworm P. posthuma exposed to (a) untreated Red BS dye; (b) decolorized Red BS dye; (c)
untreated Methyl Red; and (d) decolorized Methyl Red.

Fig. 3. Effect of Red BS and Methyl Red untreated and
decolorized dye solution on the head, clitellum, and
abdomen protein content of earthworm. UN RBS:
Untreated Red BS, UN MR: Untreated Methyl Red, Dec
RBS-Decolorized Red BS, Dec MR-Decolorized Methyl
Red.
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of inhibition was obtained with untreated Red BS
and Methyl red dye solutions and in contrast no
zone of inhibition was obtained with the decolorized
samples as well as reference (Table 2). A. vinelandii
was found to be the most sensitive among the vari-
ous test cultures used. In the case of microbial toxic-
ity study of dye Navy blue Rx, the native dye was

found to be more toxic in comparison to decolorized
sample using A. vinelandii and P. aeruginosa as test
organisms [37]. In accordance to obtained results,
similar kinds of microbial toxicity study of dye solu-
tions against various soil microbes were also investi-
gated and decolorized samples have shown less
toxicity [8,38].

Fig. 4. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis analysis of earthworm protein. Lane 2 and 3
Corresponds to proteins extracted from clitellum of earthworms exposed to Methyl Red and Red BS dyes; Lane 1, 6, and
8: Reference-clitellum, head, and abdomen, respectively; Lane 4 and 5 corresponds to proteins extracted from head of
earthworms exposed to Methyl Red and Red BS dyes; Lane 7: Marker; and Lane 9 and 10 corresponds to proteins
extracted from abdomen of earthworms exposed to MR and Red BS dyes.

Table 2
Microbial toxicity of untreated Red BS and Methyl Red dye solutions (values are mean± SD from three measurements)

Name of dye sample Concentration
(mg l�1)

E. coli A. vinelandii A. brazilence

Diameter of zone of
inhibition (mm)

Diameter of zone of
inhibition (mm)

Diameter of zone of
inhibition (mm)

Untreated Red BS Dye
solution

100 10 ± 0.0 13.33 ± 0.33 10.3 ± 0.7

200 11 ± 0.58 14± 0.58 11.3 ± 0.3

300 11.7 ± 0.88 19.3 ± 0.88 12 ± 0.6

400 12.3 ± 0.33 21.3 ± 0.33 14 ± 0.0

Decolorized Red BS dye
solution

400 0.0 0.0 0.0

Untreated Methyl Red
dye solution

100 10 ± 0.0 10± 0.0 10 ± 0.67

300 10.3 ± 0.6 11 ± 0.58 11.3 ± 0.0

500 11 ± 0.6 11.7 ± 0.88 12 ± 0.58

700 12.0 ± 0.0 13 ± 1 13 ± 0.33

Decolorized Methyl Red
dye solution

700 0.0 0.0 0.0
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3.3. Phytotoxicity

Aromatic sulfonic azo group and their metabolic
intermediates (sulfonated and unsulfonated aromatic
amines) represent an important group of environmen-
tal pollutants having a toxic nature [39,40]. Improper
disposal of the dye effluents containing reactive
groups cause a serious problem to environment and
health. Such effluents when disposed in the water
bodies are of major concern particularly when such
water is to be used in irrigation.

3.3.1. Effect of Red BS and Methyl Red untreated and
decolorized dye solutions on P. mungo

Effect of untreated and decolorized dye solutions
on seed germination and shoot and leaf length was
studied on P. mungo seeds. The 43 and 10% germina-
tion and 60 and 13% germination of P. mungo seeds
were observed in the presence of 100 and 400mg l�l

untreated Red BS and Methyl Red dye solutions,
respectively (Table 3). However, 100% seed germina-
tion was observed with 100mg l�l of Red BS and
Methyl Red decolorized dye solutions and 83 and 43%
seed germination was observed with a concentration

of 400mg l�l of Red BS and Methyl Red decolorized
dye solutions, respectively. In decolorized solutions of
both dyes (400mg l�1), 16 and 28% reduction in shoot
and leaf length was observed whereas 70 and 56%
reduction in the shoot and leaf length was observed
in plants exposed with 400mg l�1 untreated and
decolorized dye solutions of Red BS and Methyl Red,
respectively. Thus, the obtained results demonstrates
that decolorized Red BS and Methyl Red dye samples
are less toxic than untreated dye samples. Maximum
shoot and leaf length was obtained in the reference
plants (Table 3). Similarly, maximum leaf and shoot
height was observed in reference plants in comparison
to dye exposed rice (Oryza sativa) plants [9]. Negative
influence of textile effluent was reported on seed ger-
mination and shoot length of peanuts plants [41] and
similar kinds of negative impacts on the length of
shoot and root of P. mungo and Sorghum vulgare plants
as compared to the metabolites obtained after degra-
dation of Remazol Red and Golden yellow dyes were
also described [42]. Toxicity in terms of germination
and growth of seeds irrigated with extracted metabo-
lites (color less) less than native dye compound was
demonstrated with the phytoxicity study of antraqui-
none and azo dyes [43].

Table 3
Effect of untreated and decolorized Red BS and Methyl Red dye solutions on P. mungo and T. aestivum (values are mean
±SD from three measurements)

Plant species Treatment Concentration
(mg l�1)

Seed germination
(%)

Shoot length
(cm)

Mean length
of leaf (cm)

Control 100 18 2.5

P. mungo Untreated Red BS 100 43± 0.02 12 ± 0.58 11.3 ± 0.03

400 10± 0.0 6.97 ± 0.55 1.5 ± 0.07

Decolorized Red BS 100 100 ± 0.00 14.7 ± 0.1 2.3 ± 0.2

400 83± 0.03 14.7 ± 0.37 1.8 ± 0.06

P. mungo Untreated Methyl Red 100 60± 0.0 6.9 ± 0.58 1.2 ± 0.03

400 13± 3.33 5.33 ± 0.22 1.1 ± 0.07

Decolorized Methyl Red 100 100 ± 0.0 14.7 ± 1.53 1.9 ± 0.29

400 43± 0.02 6 ± 0.0 1.3 ± 0.1

T. aestivum Untreated Red BS 100 60± 0.1 11.33 ± 0.2 ––

400 43± 3.0 5.5 ± 0.79 ––

Decolorized Red BS 100 70± 0.2 14.7 ± 0.0 ––

400 57± 3.0 15.4 ± 0.48 ––

T. aestivum Untreated Methyl Red 100 23.3 ± 0.04 7.9 ± 0.1 ––

400 13± 0.3 4 ± 0.56 ––

Decolorized Methyl Red 100 73.3 ± 0.05 12.5 ± 0.4 ––

400 40± 0.0 10 ± 0.57 ––
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3.3.2. Effect of Red BS and Methyl Red untreated and
decolorized dye solutions on T. aestivum

Effect of untreated and decolorized dye solutions
on percent germination and shoot height was analyzed
in T. aestivum seeds. The 60 and 43% germination and
23.3 and 13% germination of T. aestivum seeds were
observed in the presence of 100 and 400mg l�l

untreated Red BS and Methyl Red dye solutions,
respectively (Table 3). However, 70 and 73.3% seed
germination was observed with 100mg l�1 of Red BS
and Methyl Red decolorized dye solutions, whereas 57
and 40% seed germination was observed with a con-
centration of 400mg l�l of Red BS and Methyl Red
decolorized dye solutions, respectively. Similarly, 100%
germination inhibition of T. aestivum was observed at
150mg l�l of untreated dye solution and only 10% inhi-
bition was observed by decolorized solution [44].
Moreover, 37 and 56% and 67 and 78% reduction in
shoot length was observed with both decolorized dye
solutions, whereas 16 and 28% and 16 and 54% reduc-
tion in the shoot length were observed in plants
exposed with (100 and 400mg l�1) concentration con-
taining untreated dye solutions of Red BS and Methyl
Red, respectively. The outcome of results demonstrate
lesser toxicity of metabolize obtained upon decoloriza-
tion of dyes decolorized Red BS and Methyl Red dye
samples and maximum shoot length were reported in
the reference plants in comparison to dye exposed
plants (Table 4). Similar kinds of effect on growth,
shoot length, and seed germination have also been
reported upon exposure of tetrazine dye and distillery
effluent, respectively, in T. aestivum plants [45,8].

4. Conclusion

The untreated dyes were found to be highly toxic
and adversely affected the growth of the earthworms,
test bacterial cultures as well as T. aestivum and
P. mungo seeds and its growth. Moreover, the untreated
dye solutions also showed different physiological and
observable changes in earthworms and plants, whereas
toxicity was significantly reduced for same concentra-
tion containing decolorized dye solutions after the bio-
logical treatment using bacterial consortium-PES.
Overall study revealed the potential role of biological
treatment in reduction of toxicity which is essential for
safe disposal of dye-contaminated waste waters.
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