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Biorestoration of the textile industry sludge (TS) was carried out through a process of vermistabilization involving
earthworms, Eudrilus eugeniae. TS were mixed with cow dung (CD) at different concentrations, which were
subjected to vermicomposting studies for a period of 12 weeks. During the study, maximum viability of worms and
cocoons production were observed for CD70 and TS30 during the sixth week of incubation. The maximum worm
weights were observed on CD90 and TS10 at 4th week, while hatchling production was observed maximum on
CD90 and TS10 during twelfth week. The physico-chemical parameters such as pH, EC, TDS, OC were found to be
significantly decreased in the final product of vermicompost while parameters such as Ca,N,P,K,Na was found to be
significantly increased in the final product of vermicompost. Further, Fe, Cr, Cu, and Zn also decreased in the final
product. Allium cepa root chromosomal aberration assay was used to assess the genotoxicity of pre-vermicompost
and post-vermicompost samples of TS to understand the effect of vermistabilization on the reduction of toxicity.
Genotoxicity analysis of vermistablilized TS revealed 68% decline in the chromosomal aberration frequencies.

TEXTILE SLUDGE, VERMISTABILIZATION, EUDRILUS EUGENIAE ,GENOTOXICITY, CHROMOSOMAL

ABERRATION, ALLIUM CEPA.

There are numerous textile industries present in the
world which produces high volumes of textile effluent.
During the treatment process of these effluents, a large
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volume of textile sludge (TS) is produced which is a
potential source of contamination of agricultural land,
surface, and ground water systems causing public health
hazards. The space requirement, stringent national waste
discarding system and public consciousness have made
land filling highly expensive and impractical (Ndegwa
and Thompson 2001). Vermicomposting is seen as an
alternative technology for the bioconversion of this textile
sludge into organic manure. During vermicomposting,
earthworms degrade organic matter present in the
waste and convert it into high-grade fertilizer called
vermicompost. This is a simple and low cost technique
used for the breakdown of complex chemical into
nontoxic forms. Application of vermicomposting
in sludge management is named vermistabilization
(Garg et al., 2005; Datta et al., 2018).



Application of earthworms and biodegrading
microorganisms in vermicomposting offers an efficient
technique for the recycling of various nutrients.
Application of vermistablilized sludge into land can
increase water holding capacity, decrease soil bulk
density, increase soil aeration, root penetration and
stimulate microbial activity Munawar (2016) and Ramu
et al. (2019). The aim of the present study is to biorestore
textile industry sludge amended with cow dung through
vermistabilization involving E. eugeniae. Further, the
efficiency of vermistabilization in the reduction of
toxicity is assessed in Allium cepa. Toxicity evaluation
through A. cepa root chromosomal aberration is the
most suitable Genotoxicity study recommended by the
International program on Plant Bioassay (IPPB) for
testing environmental pollutants (Chandrakant et a.,
2016) and especially many researchers have used it to
evaluate genotoxicity of industrial effluents (Bhat et al.,
2014; Shivika et al., 2018).

Collection of textile Sludge (TS), cow dung (CD) and
Eudrilus eugeniae: Textile Sludge (TS) was collected
from the Common Effluent Treatment Plant (CETP) of
State Industries Promotion Corporation of Tamil Nadu
(SIPCOT), Perundurai, Erode District, Tamil Nadu, India.
Cow dung (CD) was collected from a single source in a
local cattle farm , Karumandapam, Trichy. The initial
physico-chemical characteristics of PS and CD are given
in (Table 1). Eudrilus eugeniae were collected from
Periyar Research Organization for Bio-Technique and
Eco-system (PROBE), Periyar Maniyammai University,
Vallam, Thanjavur, Tamil Nadu, India.

Experimental design: The experiments were conducted
in a specially designed perforated plastic basket
(diameter 21.5cm and depth 11.5cm). TS and CD were
completely air-dried and sieved (2.0mm mesh) before
mixing. The experiments were repeated thrice for each
feed mixture. TS were mixed with CD in different ratios
and 100 percent CD was used as control. TS was mixed
with CD in different ratios VO 0:100, V190:10, V2
80:20, V370:30, V4 60:40, V550:50, V640:60, V730:70,
V820:80, V910:90, V100:100. These mixtures were turned
manually every day for 30 days in order to eliminate
volatile gases which are potentially toxic to earthworms.
After 30 days, E. eugeniae (20 gram) were introduced into
each vermireactors. Moisture content was maintained at
70% by periodic sprinkling of water. All the vermireactors
were kept under ambient conditions (room temperature
25+2°C which is the appropriate temperature for E.
eugeniae). At the end of experiment total earthworm
number, cocoon and hatchling was counted. The Oth day
refers to the time of initial mixing of textile sludge and
cow dung that is before pre-composting. The samples
were air-dried in the shade at room temperature and
stored in plastic bags for further chemical analysis.

Physico-chemical analysis: pH, TDS and EC was measured
by using digital meter (Eutech Instrument, PCST test 35
series) by dissolving double distilled water suspension

of each sample in the ratio 1:10 (w/v). Organic Carbon
(0C) was measured on igniting the samples in a Muffle
furnace at 550°C for 1 hour by the method of (Nelson
and Sommers 1996). Nitrogen (N) was determined by
Bremner and Mulvaney (1982) procedure. Phosphorous
(P) was analyzed using the colorimetric method of
molybdenum in sulphuric acid. Potassium (K), Sodium
(Na) and Calcium (Ca) was Sodium (Na) was measured
using a Systronics Flame Photometer-128 after digesting
the samples in diacid mixtures (HCI04:HNO3 in 4:1 ratio).
Heavy metals were measured by using Agilent AA 240
model Atomic Absorption Spectrophotometer (AAS).

Preparation of extract for genotoxicity analysis: Pre-
vermicomposted and post-vermicomposted samples were
prepared by mixing 50g of samples in 500 ml of distilled
water, after which the sample were continuously stirred
for 24 h. Then all sample was filtered through Whatman
Filter paper 1 A (pore size 11pm) and was tested for
genotoxicity effect. 100% of raw textile sludge was
used as positive control and sterile distilled water served
as negative control according to French Standardized
Method (Ferrari et al., 1999; Sharma et al., 2012).

Experimental procedure: The Allium cepa (commonly
called as small onion) was purchased at local market and
sorted for equal size of onion bulb for all treatment along
with control. The surface scales of the onion bulbs were
gently removed from the bottom of the root. The rings of
the root primordial were left intact Genotoxicity test was
described by Rank and Nielsen (1994). The experiments
were performed in triplicates and four bulbs were used
per treatment. The onion bulbs were inoculated for 24-48
h in distilled water until the development of roots of 0.5-
1cm lenght. Then the onion bulbs were exposed to the
various concentrations of pre and post vermicomposted
extract (10%, 20%, 30%, 40 %, 50 %, 60 %, 70 %, 80
%, 90 %, and 100%) as well as positive and negative
control. It was exposed of 3 and 6 h in arrange to evaluate
occurrence of chromosomal aberration and abnormalities
before and after treatment. Later the bulb is washed with
distilled and the roots are gently removed and were
fixed the Farmer’s fluid (glacial acetic acid and ethanol
at 1:3 ratio) for 24 h and stored at 4°C. After fixation
the root tips were hydrolyzed in 1N HCl for 2 min and
then squashed in 4% of aceto carmine after intermittent
heating for for 2-4 min. (Sharma et al. 2012).

Later the root caps are removed from the well-stained root
tips and were immersed in a drop of 45% acetic acid on a
clean glass slide. Further squashed under a cover slip with
matchstick, sealed (with nail polish) and were examined
under light microscope. The presence of chromosome
aberrations was observed in a minimum of 500 cells for
each treatment groups. The genotoxicity analysis was
performed from the pre to post vermicomposted samples.
The Mitotic Index (IM) was calculated by observing a
minimum of 500 cells per slides for each treatment. The
root growth inhibition experiment (root length) was
formed after a 12h exposure test on pre-vermicomposted
and post-vermicomposted extract (Rank 2003). After the
treatment onion bulb was washed with tap water and
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then the root length was measured. The mitotic index
was calculated by using the following formula:

Number of dividing cell
Total number of Cells

Mitotic Index (MI) =

Statistical analysis: One-way ANOVA was used to
calculate the differences among various feed mixtures.
Tukey’s post-hoc analysis was used to compare the
means (n=3) between initial and final compost values
of different physico chemical parameters. For MI, and
root length, means + SE was calculated and the stage of
significant was determined by Tukey’s post-hoc test. For
chromosomal aberration the linear relationship between
different concentration was obtained by regression and
correlation study. The experimental data is accessible
as (means + SE) triplicate experiment. The statistical
analysis was done with help of SPSS version 16.0 among
Origin pro 8 software programs.

Figure 1: Viability of earthworm (numbers) in various
concentration of textile sludge mixture with cowdung
:All values are mean (n=3) + S.D Viability earthworm
in different vermireactors during the experiment of 12
weeks are different feed mixture of textile sludge and
cow dung

Viablilty of worms

Treatment perfod of week

VO WV EV2 EVZ mV4 mVS mV6 BV VB EV9

RESULTS AND DISCUSSION

The highest viability of worms (in numbers) were
observed in VO (20+0.0), V1 (20+0.0), V2 (20+0.0) and
V3 (2040.0) in the 6th week and the lowest viability
of worms were observed on V5 (3.334+0.33) and V6
(8.66+0.33) in the 10 week but V7 (0.33+0.33) almost
declined in the 6th week. The mean viability of worms
observed on various concentration of feed mixture was
statistically significant (p<0.05). Viability of E. eugeniae
was zero in V8, V9 and V10 from 1st day to 12th week
of the experiment period. The net mortality rate were
noted on V6 and V7 on 10th week and then in V4 and
V5 on 12th week but no mortality was observed in VO
till end of experiment. Significant change was noted on
V1and V2 on 8th week followed by V3 on 4th week and
subsequently in V4, V5,V6 on 5th week when compared
with all other vermireactors in their respective week
(Figure 1). The viability of worms gradually decreased in
V2 and V3 from 8th week to 12th week while V4, V5 and
V6 from 4th week except V7 till end of the experiment.
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The mortality rate was directly proportional to the
concentration of textile sludge in the vermireactors.
Similar observations had been reported by Elvira et al.
(1998), Garge and Priya (2003) for E. andrei and on E.
foetida by Kaushik and Garg (2004) in textile mill sludge
vermistabilization.

The highest earthworm weight was observed in V1 (22.2
+0.00), V2 (24+0.39) € V3 (21.56+0.76) during 4th week
and lowest worm weight was observed in V4 (7.8+0.03),
V5 (10.03+0.03), V6 (5.93+0.03) € V7 (2.43+0.23) during
8th week of the experiment period (Figure 2) .The worm'’s
weight at concentrations of feed mixture was statistically
different (p<0.05). Significant changes were observed in
V1 & V2 on 8th week; in V3, V4, V5, V6 & V7 for the
6th week compared with all vermireactors from the 1st
week up to 12th week of the experimental period. The
earthworm weight showed insignificant decreased from
VO to V3 from 6th week and V4 to V7 from 2nd week of
the experimental period. The loss in worm weight can be
recognized to the exhaustion of food Renuka and Garg
(2007). When E. eugeniae conventional the food under a
maintenance level, it lost weight at a rate which depended
upon the quantity and nature of its ingestible substrates
by Yadav and Garg (2009) .This was in compatibility with
the study carried out by Neuhauser et al. 1980; Renuka
et al (2007) in E. foetida.

Figure 2: Earthworm weight (g) in various concentration of
textile sludge mixture with cow dung. All values are mean
(n=3) + S.D Earthworm weight in different vermireactors
during the experiment of 12 weeks are different feed
mixture of textile sludge and cow dung

= BEo=

Earthworm weight

- B
—
—
- =

Y T T T T T (R
Treatment of weeks

BVC mV] OV2 W3 mV4 mV5 mv6 mvT nvE mve avio

The cocoon production started from the 2nd week up
to 12th week of the experiment. The highest number of
cocoon was noted in V1 (48+1.11) and V2 (43+1.00) on
8th week and VO (36.33+1.45) on 6th week during the
experimental periods. The lowest cocoons production
was observed in V4 (3.00+0.33) on 10th week and V5
(1.33+0.33) in 6th week as well as V6 (4.66+0.33), while
no cocoons production was observed in V7, V8, V9
and V10 (Figure 3). The cocoon production in various
concentrations of feed mixture was also statistically
significant (p<0.05). The differences among rates of
cocoon production in different vermireactors could be
related to the biochemical quality of the feed mixtures,
which was one of the important factors in determining
the onset of cocoon production Edwards et al (1998).
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Results reveal the maximum cocoon production in V2 at
7" week during the entire treatment period. The results
recommend that if higher proportion of TS added, it could
not be suitable for cocoon production by E.eugeniae.
Similar results were also observed by Sartaj et al (2014)
on Press Mud (PM) where it is found that the higher
percentage of PM in the feed mixtures significantly
affected cocoon production and delayed the sexually
maturity and reproduction of E.fetida.

Figure 3: Number of cocoon production in various
concentration of textile sludge mixture with cow dung
:All values are mean (n=3) + S.D Cocoon production in
different vermireactors during the experimental period
of 12 weeks are feed mixture of textile sludge and cow
dung V8, V9 & V10 were not plotted in the graph since
no cocoon production was observed throughout the
experiment period.

P
s 85 =

=

Number of cocoons
= =

=

Treatment of weeks

BV2 V3 VA s Ve vy

The hatchling started from the 4th week of experiment
in V1, V2, V3, V4, V5 and VO. The highest number
of hatchling were observed in V1 (126.05+0.06), V2
(118.33+0.20) and V3 (37.33+6.65) on 12th week
followed by VO with 156.33+2.62 while the lowest
number of hatchling was observed in V5 (6.33+0.33) on
8th week. It was observed that hatchling had gradually
increased in V1, V2, V3 and V4 except V5 (Figure 4).
The hatchling production in various concentrations of
feed mixture was also statistically significant (p<0.05).
The hatchling production was not observed in V6, V7,
V8, V9 and V10 which may be due to high concentration
of TS. Thus present study shows that higher proportion
of TS could not suitable for hatchling production by E.
eugeniae. The maximum number of hatchlings in V4 was
supported by the studies conducted by Bhat et al (2015)
where maximum number of hatchlings was observed
in 60 - 100% amendment of cow dung with sugar beet
mud in E. fetida.

In the present study, a decrease of pH was observed in
the final product with maximum decrease in V2 (6.57%)
and minimum in V6 (1.67%). The pH showed significant
difference (p<0.05) in different concentration of feed
mixtures (Table 2 and 2 a ). The lower level of pH in
the final vermicompost is attributed to the production
of CO2 and organic acids by microbial activity through
the process of bioconversion of various substrates in the
feed given to earthworms (Gupta and Garg 2007). The pH

change towards neutral is attributed to mineralization
of the nitrogen and phosphorus into nitrites/ nitrates
and orthosphates and bioconversion of the organic
materials into intermediate species of organic acids
(Yadav and Garg 2009).

Figure 4: Hatchling production in different various
concentration of textile sludge mixture with cow dung

130
2 160

Number of hatchling:
s EBEE

=

0 L-n. “In l“l IL II:
i i § [ 7
Treatment of weeks
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£ 9 10 il

1
V0 mVl oWV Vi omve mvE o avE vy

Table 1. Initial Physico- chemical parameters of raw textile
sludge and cow dung (Mean +SE)

S. No. Physico- Textile Cow
chemical sludge dung
parameters (TS) (CD)
1 pH 8.78+0.10 7.69+0.24
2 EC(Ms/cm) 12.32+0.04 12.54+0.40
3 TDS( mg/L) 21.83+2.09 1.84+0.05
4 Na(g/kg) 3.43+0.22 3.60+0.09
5 K(g/kg) 0.15+0.02 6.88+0.11
6 Ca(g/kg) 274.47+4.00 18.48+0.54
7 0C(g/kg) 5.93+0.15 38.15+0.74
8 P(g/kg) 1.48+0.24 1.68+0.62
9 N(g/kg) 9.47+0.64 16.12+0.22
10 C:N ratio 0.85+0.18 2.55+0.38
1 Zn(mg/g) 2.41+0.07 1.140.10
12 Cu(mg/g) 1.840.11 0.88+0.08
13 Cr(mg/g) 1.02+0.06 0.15+0.01
14 Fe(mg/g) 8.07+1.19 1.03+0.16

The electrical conductivity (EC) was found to be
significantly decreased in vermicompost as compared
to initial feed mixture. The maximum decrease in EC
was observed in V1, V2, V3, V4, V5, and V6 while
minimum decrease was observed in V7, V8, V9 and V10.
Decrease in EC in vermicompost is due to stabilization
of mixtures. Singh et al. (2010) also observed a decline
in EC in the vermicompost from the bio sludge of a
beverage industry. Bhat et al (2015) have reported that
the acceptance limit of EC for plant growth as 4.0 m
Scm-1 and our results are in accordance to it. The total
dissolved solids (TDS) were found to be significantly
decreased in vermicompost when compared to initial the
initial feed mixture. Minimum decrease was observed in
V8 (0.33%) and maximum decrease of TDS was observed
in V4 (52.15 %). The calcium significantly increased in
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vermicompost as compared to initial feed mixture and
the maximum increase was observed in V1 (182.35%)
and minimum increase in V4 (10.27%). Previous study
have found calcium metabolism in earthworm is mostly
associated with gut secreted enzymes (Suthar 2010).

A significant increase (p<0.05) in K in final product
was observed as compared to the initial feed mixture
in all different concentration. Maximum increase in
potassium was observed in V4 (132.3%) and lowest was
in V9 (7.09%). Most of previous report on vermicompost

Ramu S & Senthil

have reported a higher K at the end of experiment
(Khwairakpam and Bhargava 2009; Hait and Tare 2011).
The acid production by microorganism is the major role
for solubilizing of insoluble potassium. It is evident
that the inoculation of earthworms in waste feedstock
enhances the waste mineralization process. Basically
organic waste, during the respiration period pass through
the earthworm gut and some fraction of minerals is
changed in to the additional available nutrients (i.e
exchangeable forms) due to the work endogenic and/or
exogenic enzyme (Suthar et a., 2012).

Table 2. Initial and final physico-chemical parameters (mean +SE) different proportion of textile sludge mixed with cow

dung*
Parameters VC Vi V2 V3 V4
pH Initial 7.494+0.06 7.72+0.13 7.81+0.06 7.85+0.60 7.974+0.07
Final 6.58+1.14 6.78+0.11 7.06+0.11 7.25+0.01 7.194+0.00
% change -12.14 -12.17 -10.74 -7.60 -8.40
EC (ps) Initial 5.874+0.09 5.784+0.12 5.39+0.40 5.89+0.58 5.41+0.21
Final 2.26+0.05 2.09+0.00 3.46+0.05 4.11+0.00 4.99+0.01
% change -61.49 -65.05 -35.80 -30.22 -7.76
TDS mg/ml Initial 3.91+0.64 4.874+0.16 4.25+0.05 5.57+1.37 5.56+1.40
Final 1.7340.34 1.59+0.00 2.26+0.25 2.52+0.28 2.29+0.00
% change -55.75 -67.35 -46.82 -54.67 -53.41
Ca g/kg Initial 18.14+0.06 19.50+0.53 36.11+1.00 73.89+0.54 114.34+0.91
Final 25.46+0.55 55.06+9.13 59.27+0.17 99.26+0.33 122.59+5.79
% change 40.35 182.35 62.13 34.33 7.21
K(g/kg) Initial 3.70+1.12 3.86+1.90 3.14+0.10 2.99+0.00 2.974+0.40
Final 9.33+0.57 7.99+40.11 7.8740.27 6.88+0.98 6.90+0.27
% change 152.16 141.88 150.63 130.10 132.32
P (g/kg) Initial 1.88+0.96 1.52+0.52 1.43+0.88 1.48+0.46 1.20+0.10
Final 4.30+0.60 4.10+0.17 4.33+0.57 3.22+0.06 2.99+0.30
% change 128.91 164.51 202.79 117.56 149.16
C:N g/kg Initial 2.5340.22 2.51+0.72 2.344+0.36 2.43+0.14 1.64+0.07
Final 0.66+0.11 0.914+0.06 0.89+0.08 0.96+0.07 0.89+0.25
% change -73.91 -63.74 -63.63 -60.43 -45.73
N g/kg Initial 17.08+0.94 16.99+1.00 16.29+0.61 16.84+1.09 16.78+0.08
Final 27.38+1.40 26.17+1.48 25.36+0.54 25.61+2.19 21.89+1.35
% change 60.30 54.03 55.67 52.07 30.45
0C g/kg Initial 43.25+2.19 44.33+9.80 45.89+2.30 41.2140.51 28.18+1.34
Final 18.07+1.40 28.47+2.58 26.14+1.75 26.13+0.04 19.40+4.08
% change -58.21 -32.74 -43.03 -36.59 -32.15
Cu (mg/kg) Initial 1.24+0.04 1.49+0.43 1.5740.35 1.72+0.30 1.56+0.19
Final 0.514+0.44 0.99+0.09 1.05+0.11 1.08+0.06 1.1540.11
% change -86.29 -33.55 -33.12 -37.20 -26.28
Cr (mg/kg) Initial 0.38+0.01 0.56+0.90 0.74+0.12 0.88+0.00 0.93+0.05
Final 0.17+0.01 0.19+0.01 0.20+0.01 0.23+0.01 0.26+0.13
% change -.55.26 -66.07 -72.97 -73.86 -72.04
Zn (mg/kg) Initial 2.634+0.12 2.59+0.51 2.7940.16 2.84+0.26 2.9240.23
Final 0.53+0.00 1.37+0.29 1.58+0.04 1.66+0.17 1.60+0.11
% change -79.84 -38.99 -43.36 -41.54 -45.20
Fe (mg/kg) Initial 0.80+0.06 1.90+0.34 2.81+0.37 2.85+0.12 2.96+0.06
Final 0.40+0.08 0.17+0.28 0.58+0.39 0.78+0.00 2.08+0.13
% change -50 -91.05 -79.35 -72.63 -29.72

Weight in (g/kg) and (mg/kg) Significance level was determined by Tukey test p < 0.0*
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Table 2 a. Initial and final physico-chemical parameters (mean + SE) different proportion of

textile sludge mixed with cow dung*

Parameters V5 V6 V7 V8 V9 V1o
pH Initial 7.954+0.60 | 7.96+0.06 | 7.98+0.07 8.1940.03 | 8.424+0.40 | 8.50+0.03
Final 7.41+0.00 | 7.52+0.02 7.84+0.11 7.954+0.00 | 7.96+0.00 | 7.95+0.00
% change -6.20 -1.01 -.1.38 -2.95 -5.46 -.2.92
EC (ps) Initial 6.20+0.51 7.35+0.03 7.21+0.18 7.65+0.00 | 7.4240.39 | 7.96+0.09
Final 5.87+0.56 | 7.18+0.00 | 7.04+0.06 | 7.14+0.12 | 7.1740.29 | 7.86+0.23
% change -5.32 -2.31 -2.35 -6.66 -3.23 -1.25
TDS mg/ml Initial 6.16+1.57 | 6.66+1.57 | 7.62+0.54 | 7.66+0.41 13.243.46 | 15.80+1.32
Final 2.7340.05 | 3.66+0.25 | 3.5240.41 7.75+0.33 | 7.43+0.40 7.91+0.21
% change -55.68 -45.04 -53.80 -1.17 -43.71 -49.93
Ca g/kg Initial 147.81+0.51| 156.41+0.50 | 164.30+1.09 164.75+4.58| 171.30+11.5| 171.47+10.1
Final 204.15+0.17| 235.80+0.59|289.44+0.49 | 289.55+0.55|287.48+0.15/288.63+0.30
% change 43.89 85.05 75.44 75.33 67.82 68.32
K(g/kg) Initial 2.96+0.69 | 2.88+0.12 | 2.09+0.84 1.5340.12 1.55+0.10 1.56+0.17
Final 6.20+0.50 5.21+40.23 | 4.86+0.05 1.9240.12 1.94+0.06 1.95+0.06
% change 109.45 80.90 132.53 25.49 25.16 24.99
P (g/kg) Initial 1.1940.22 1.2340.36 1.16+0.14 1.08+0.07 1.0340.04 | 0.99+0.00
Final 2.85+0.05 | 2.69+0.33 | 2.22+0.23 1.40+0.19 1.2340.00 1.174+0.06
% change 139.49 118.69 91.37 29.62 19.41 18.81
C:N g/kg Initial 1.344+0.12 1.54+0.07 1.01+0.10 0.99+0.07 | 0.984+0.40 | 0.96+0.03
Final 0.7240.06 | 0.69+0.04 | 0.94+0.06 | 0.92+0.12 0.91+0.07 | 0..89+0.10
% change -45.26 -55.19 -6.93 -7.07 -7.14 -10.10
N g/kg Initial 14.40+0.52 | 13.7740.58 | 13.40+1.21 | 9.15+0.45 | 9.52+0.42 | 9.40+1.22
Final 18.84+1.10 | 17.3640.35 | 15.01+0.00 | 12.61+0.58 | 12.34+0.58 | 11.77+1.41
% change 30.83 26.07 12.01 37.81 29.62 25.21
0C g/kg Initial 19.40+0.86 | 21.244+0.54 | 13.61+0.40 | 12.76+0.40 | 11.65+0.16 | 12.43+0.18
Final 13.98+0.00 | 12.52+0.15 | 12.63+0.61 | 10.48+0.06 | 9.62+0.32 9.41+0.61
% change -27.93 -41.05 -.7.20 -17.86 -17.42 -24.29
Cu (mg/kg) Initial 1.85+0.22 | 2.2940.32 | 2.34+0.40 | 2.50+0.34 | 2.60+0.56 | 2.37+0.47
Final 1.3740.01 1.58+0.00 1.68+0.00 1.774+0.02 1.90+0.01 1.874+0.01
% change -25.94 -31.00 -32.80 -29.2 -26.92 -21.09
Cr (mg/kg) Initial 0.99+0.01 0.99+0.01 0.96+0.05 1.14+0.06 1.40+0.41 1.44+0.50
Final 0.30+0.08 | 0.42+0.11 0.62+0.22 | 0.82+0.21 0.81+0.22 | 0.93+0.38
% change -69.69 -57.57 -35.41 -28.07 -28.07 -35.41
Zn (mg/kg) Initial 3.36+0.46 | 3.3840.39 | 3.40+0.40 | 3.80+0.51 3.85+0.61 3.88+0.32
Final 1.65+0.03 1.774+0.00 1.8240.11 1.87+0.02 2.0040.11 2.374+0.54
% change -52.31 -47.63 -46.47 -50.78 -48.05 -30.29
Fe (mg/kg) Initial 2.96+0.06 | 3.06+0.40 | 3.25+0.55 | 4.34+0.12 | 4.38+0.24 | 4.53+0.39
Final 2.4140.00 | 2.74+0.04 | 2.89+0.00 | 4.04+0.01 4.08+0.02 | 4.09+0.00
% change -18.58 -10.45 -11.07 -6.91 -6.84 -9.711

Weight in (g/kg) and (mg/kg) Significance level was determined by Tukey test p < 0.05

Results reveal the significant increase (p<0.05) of
phosphorus content after inoculation of earthworm.
V2 showed highest increase in with 242% and V9
showed a minimum increase of 19.41%. The increase in
P is possibly due to activities of P-solubilizing bacteria
and enzymatic activities of earthworm gut (Garg et al
2005; Suthar 2012). The level of P in the final product
indicates that the vermistabilized sludge is ready as soil
amendment material.

The C: N ratio is an important indicator of vermicompost
maturity. In this study the C: N ratio of vermicompost
material was significantly low than initial substrates.
Decline in C: N ratio in this study was due to higher
loss of carbon through microbial respiration in the
form of CO2 along with an increase in nitrogen and
stabilization of waste by the action of E. eugeniae.
Similar results were observed by Bhat et al. (2014).
Earlier studies suggest that a C: N ratio below 20 is an
indicative of acceptable maturity, while a ratio of 15 or
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lower is being preferred for agronomic use of composts.
The vermicompost obtained in this study showed C: N
ratio within the preferable limits as described by Morais
and Queda (2003).

Table 3. Root length of Allium cepa (mean+SE) exposed
to pre-compost Extract and post-compost (100%) textile
sludge

Concentration Pre compost Post compost
(%) Root Root
length(cm) length(cm)
PC 2.80+0.52 2.80+0.52
NC 8.30+0.36 8.30+0.36
109% 6.70+0.55 8.50+0.61
200% 5.63+0.55 8.06+1.00
30% 4.86+0.23 7.00+1.00
409% 4.33+0.57 6.80+0.72
509% 3.99+0.00 6.33+0.57
60% 3.7340.15 6.76+1.04
70% 3.96+0.05 6.60+1.03
80% 3.33+0.57 5.33+1.36"
90% 3.66+0.41 5.43+0.45%
100% 3.06+1.00 4.60+£0.45*

NC = negative control (distilled water), PC =positive control
(Fresh ST), Signification level was determined by t- test
*p<0.01. **p<0.05

The nitrogen content was significantly increased (p<0.05)
in all feed mixture at end of the experiment. N Maximum
increase was observed in V2 (61.65%) and minimum was
observed in V6 (12.01%). Generally body secretions of
earthworm (excreta, mucus) add nitrogen in substrate
if earthworms were inoculated in organic wastes for
longer periods. Earthworms also alter the microclimatic
conditions of vermireactors which consequently
promote microbial populations responsible for nitrogen
enrichment (Suthar et al. 2012). Hence in the present
study the combination of the organic waste CD and
textile sludge acted as good energy stuff for nitrogen
fixing bacteria enhanced by E. eugeniae.

Organic carbon in the final product was significantly
reduced when compared with the initial feed mixtures.
The maximum reduction in OC was observed in V2
(21.12%) and minimum reduction was observed in V10
(2.06%). Reduction may be due to combined action
of earthworm and microorganisms where the loss for
organic carbon from the initial waste is in the form of
release of CO2 by respiration of earthworms. Kaviraj
and Sharma (2003) reported 45% loss of carbon during
vermicomposting of municipality and industrial wastes.
Similarly, Prakash and Karmegam (2010) reported
reduction of OC in vermicomposting of sugar industry
waste. Vermicomposting brings about significant reduced
in TOC level of the waste property and accelerates waste

Ramu S € Senthil

Table 3. Root length of Allium cepa (mean+SE) exposed
to pre-compost Extract and post-compost (100%) textile
sludge

Concentration | Mitotic index in Mitotic index

pre- in post-
vermicompost? vermicompost®
NC 12.46+2.73 12.46+2.73
PC 2.06+0.11 2.06+0.11
10% 3 h 7.16+0.05 10.33+0.57
6h 7.66+0.57 10.63+1.09
200 3 h 7.53+0.57 9.73+20.70
6h 7.33+0.41 9.33+1.52
300% 3 h 6.40+0.69 8.83+1.25
6h 7.86+0.61 9.56+2.18%
40% 3 h 5.66+1.03 6.66+1.15%
6 h 6.06+1.81 6.93+1.00*
509% 3 h 5.66+1.30 6.40+2.16™
6h 6.65+1.44 7.60+0.87%
60% 3 h 4.66+0.83 4.86+0.64™
6h 4.46+0.41 5.73+0.30**
70% 3 h 3.90+0.23 4.46+0.23*
6 h 4.70+0.20 4.80£0.20%
80% 3 h 3.36+0.70 4.20+0.20**
6h 3.7340.61 4.86+0.83*
90% 3 h 3.60+0.34 4.204+0.50*
6h 3.80+0.11 4.4040.34™
100% 3 h 2.40+0.40 2.80+0.52*
6 h 2.60+0.69 3.06+0.80™

NC Negative control (distilled water); PC= Positive control
(fresh ST); aFrom each group 3000-5000 cells were scored
to determine MI; bFrom each group 4000-6500 cells were
scored to determine MI; The level of significance was
determined by t- test:*p<0.01 **p<0.05

stabilization process (Singh and Suthar 2012; Hait and
Tare 2011).

The sodium content was significantly increased (p<0.05)
in all feed mixture with maximum increase in V3
(77.31%) and minimum in V9 (16.37%). Our results are
in corroboration with Singh et al. (2010).The heavy metal
analysis reveals Cu, Cr, Zn and Fe decreased from initial
feed mixture to final product of vermicomposting (Table
2 and 2 a). Reduction in the heavy metal concentrations
could be related to discharge of these cations by excess
water drainage (Garg etal. 2003). Genotoxic effects
of textile sludge on meristematic cells of A.cepa were
estimated on the basis of mitotic index and chromosomal
aberrations.The root length was observed in different
concentration of pre and post vermicomposting of textile
sludge along with negative and positive controls after
five days of exposure.

The average root length of onion in the positive and
negative controls was (2.80+0.52) and (8.30+0.36)
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respectively. The increase in root length was observed in
post-vermicompost as compared to initial textile sludge
extract. The maximum root length was observed at
10% (8.50+0.61), 20% (8.06+1.00) and 30% (7.00+1.00)
concentration of post-vermicompost while minimum
root length was observed at the 100% TS (4.60+0.45)
post-vermicompost (Table. 3). By observing the results
it can be concluded that vermistabilization reduce toxic
effect of textile sludge. In the A.cepa test, inhibition of
root development and the appearance of stunted roots
indicate retardation of growth and cytotoxicity while
root wilting explain toxicity (Sartaj et al 2014).

The total number of dividing cells in the cell cycle is the
characteristics of Mitotic Index (MI) and in this study the
MI increased as the concentration of the TS increased.
(Table 4 ). The MI was maximum during 6 h exposure
on 10%, 20%, 30% post-vermicompost extract. It is
observed that the lesser the concentration of the textile
sludge the lesser was the impact on the roots. Higher the
concentration of TS showed higher abnormalities on root
meristem cells. MI decrease in the A. cepa test has been
reported by Jiang and Liu (2000); Jain et al.

Table 5. Different Chromosomal Aberration and nuclear abnormalities in the root meristem cells of Allium cepa exposed
to pre-vermicompost and post-vermicompost textile sludge extract®.

Chromosomal Negative | Positive
Aberration control | control 10% 20% 30% 40%
No .of No. of | No .of aberrant | No of aberrant No .of aberrant | No .of aberrant
aberrant | aberrant cells cells cells Cells
cells cells 3h 6h 3h 6h 3h 6h 3h | 6h
Different Chromosomal Aberration and nuclear abnormalities in pre-vermicompost
C- Mitosis 0 23 5 5 6 7 9 9 11 11
Delayed anaphase 2 10 3 4 4 6 6 6 8 8
Stickiness 1 17 3 3 3 7 9 8 10 11
Chromosomal loss 1 21 2 5 2 1 3 5 6 7
Multipolarity 1 8 1 2 1 2 4 5 4 4
Vagrant 1 9 2 3 4 4 5 7 2 4
Chromatin bridge 5 23 5 16 5 6 8 8 10 | 12
Chromosomal breakage 3 22 4 |5 6 6 7 9 6
Micronuclei 0 4 0 |0 2 1 1 1 3
Polyploidy 0 5 11 1 1 1 2 3
Stars 0 0 0 0 1 1 0 0 0
Total aberration 14 151 26 |28 36 37 56 60 65 68
Percent aberration (%) 2.8 30.2 5.2 |5.6 7.2 7.4 11.2 12 13 | 13.6
Different Chromosomal Aberration and nuclear abnormalities in post-vermicompost

C- Mitosis 0 23 0 1 1 2 3 5 6 6
Delayed anaphase 2 10 1 2 2 2 3 4 5 7
Stickiness 1 17 1 2 2 2 4 4 5 7
Chromosomal loss 1 21 1 1 2 1 3 3 5 6
Multipolarity 1 8 1 1 1 1 1 1 1 1
Vagrant/s 1 9 2 1 1 1 3 2 2 4
Chromatin bridge 5 23 2 2 2 5 4 5 4 3
Chromosomal breakage 3 22 2 2 2 3 3 4 6 6
Micronuclei 0 4 1 1 2 2 2 2 1 3
Polyploidy 0 5 0 |0 1 1 1 1 1 1
Stars 0 0 0 0 0 0 0 0 0 0
Total aberration 14 151 10 |13 16 18 27 30 35 41
Percent aberration % 2.8 30.2 2 2.6 3.2 3.6 5.4 6 7 8.2

*Out of 500 cells examined

(2004) and Sartaj et al. (2014) and they have correlated
the decrease of MI to exposure with heavy metals in the
feed mixture. The significantly less MI of all the treatment
groups when compared to the negative controls reflects
an alteration in chromosomes due to the adverse effect

of substances in the TS on the growth and development
of exposed cells.

The chromosomal aberrations were studied by using
A. cepa root meristem cells exposure to pre- and post-
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vermicompost TS extract. (Table 5 and 5a ) Results reveal
that the levels of aberration in concentration-dependent
as the post-compost showed significantly reduced
aberration. The aberration percentage was highest in
the pre-compost of V10 (100% TS) with 28.8 percent
and it reduced to 24 percent after vermistabilization.
Abnormalities such as C-mitosis, delayed anaphase,
stickiness, chromosomal loss, multipolarity, vagrant,
chromatin bridge, chromosomal breakage, micronuclei,

polyploidy, and stars were observed. This is corroboration
with the findings Dixit and Nerle (1985); Joshi and Singh
(1989); Qian (2004) and Sartaj et al (2014) reported that
the increase in the concentration of various effluents
increased the aberration rate. It is evident from the results
that the raw textile sludge has Genotoxicity potential
and the proposed vermistabilization has the potential
to mitigate the effect that arises through land filling or
dumping of textile industry sludge.

Table 5a. Different Chromosomal Aberration and nuclear abnormalities in the root meristem cells of Allium cepa exposed
to pre-vermicompost and post-vermicompost textile sludge extract®.

Chromosomal 50% 60% 70% 80% 90% 100%
Aberration No .of No. of | No .of aberrant No .of aberrant | No .of aberrant No .of aberrant

aberrant aberrant cells cells cells Cells

cells cells
3h 6h 3h |6h 3h  6h 3h 6h 3h  6h 3h 6h
Different Chromosomal Aberration and nuclear abnormalities in pre-vermicompost

C- Mitosis 13 | 14 15 16 18 | 17 19 19 21 | 21 20 20
Delayed anaphase 10 | 11 10 12 0|1 11| 12 12 | 13 13 15
Stickiness 11 11 11 12 14 | 15 16| 16 12 | 14 15 15
Chromosomal loss 9 10 12 12 14 | 16 16 | 17 19 | 19 20 21
Multipolarity 5 5 6 3 3 417 7 6 8 8
Vagrant 6 7 9 9 m | 12 8 | 7 10 11 6 8
Chromatin bridge 12 | 13 13 17 19 | 18 20| 20 20 | 21 24 20
Chromosomal breakage 7 1 1 16 | 16 21| 22 23 | 24 22 22
Micronuclei 2 2 4 4 3 3 45 6 7 6 7
Polyploidy 2 3 4 305 4| 4 5 5 7 7
Stars 0 3 1 1 0 0 0 0 0
Total aberration 77 | 84 95 106 114 | 117 123129 135|138 139 144
Percent aberration (%) 15.4/16.8 19 [21.2 22.8123.4 24.625.8 27 127.6, 27.8 | 28.8

Different Chromosomal Aberration and nuclear abnormalities in post-vermicompost

C- Mitosis 5 6 8 10 12 14 15 | 16 18 | 20 20 | 23
Delayed anaphase 9 | 10 9 10 8 9 10 9 10 | 11 10 | 12
Stickiness 4 6 4 8 9 9 10 | 12 12 | 14 13 15
Chromosomal loss 4 7 10 10 10 10 12 | 14 13 | 15 17 | 18
Multipolarity 1 1 1 1 2 2 113 2 1 1 2
Vagrant/s 3 5 2 5 6 8 8 | 9 10 |13 12 | 12
Chromatin bridge 6 8 10 9 1 13 12 | 17 20 | 18 21 | 20
Chromosomal breakage 5 7 8 9 10 12 13 12 16 | 17 20 | 15
Micronuclei 1 1 1 2 4 3 313 4 4 2 2
Polyploidy 11 2 2 a 1 oo 1|1 1 1
Stars 0 0 0 0 [0 0 0 0 0 0 0 0
Total aberration 39 | 44 51 66 72 81 83 | 92 106 | 118 113 | 120
Percent aberration % 7.8 | 8.8 10.2 |13.2 14.4 16.2 16.6/18.4 21.2 |23.6 | 22.6 | 24

* Qut of 500 cells examined

The use of textile sludge as raw material in the
vermistabilization system can potentially help to convert
the waste into a value added final product and the
preeminent growth and fecundity of Eudrilus eugeniae

in CD 70: TS 30 is an evident for it. The study revealed
that vermicompost produced from E. eugeniae possessed
higher nutrient content, lower C/N ratio, and lower
electrical conductivity. Further the genotoxicity study
clearly indicate that the vermitechnology reduced the
toxicity potential of raw TS. It also reflects the potential
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of the earthworm E. eugeniae to convert raw textile
sludge into nutrient- rich manure and play a major role
in solid waste management.
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