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Abstract India has a large network of textile industries of varying capacity and
textile effluent is one of the main contributors of water pollution and it adversely
affects fauna and flora. Phytoremediation technology can be effective approach for
remediating contaminated sites of such textile dyeing effluents. The objective of this
research is to study the efficiency of aquatic macrophytes plant contributed for
remediation of textile waste water. In this study, lab scale wetland was constructed
and tested with Alternanthera sessilis, sand and gravel as filter. Results indicated
that, textile effluent degradation and significant reductions in TS (78%), TDS
(83%), TSS (38%), COD (65%), BOD5 (66%), chloride (44%), hardness (76%) and
TDS (59%) were observed by the combined use of plants within 24 hrs. The
removal efficiency of unplanted were TS (50%), TDS (50%), TSS (29%), COD
(27%), Hardness (57%), Chloride (26%), BOD5 (27%) respectively. When com-
pared the removal efficiency of planted with unplanted, planted shows a maximum
removal the results showed that the removal efficiencies of the organics TDS,
COD and BOD5 were improved significantly with the extension of HRT. This
objective of study and efficiency of plants and proposed mechanism of aquatic
macrophytes plant contributed for remediation of textile waste water.
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1 Introduction

Industrial revolution, the beginning has accelerated toxic metal in polluted water is
a major problem and is leading cause of diseases/death worldwide (Sayyed and
Sayadi 2011). Textile industrial production uses different chemicals and dyes
according to textile wastewater practices, their dilution after production and
wastewater management. Worldwide, textile industries commercially produce
around 10,000 different dyes with an annual production more than 7 � 105 metric
tons. The textile processing produce wastewater that in different stages of dyeing,
fixing, washing and other processing, which contain suspended solids, high amount
of dissolved solids, unreacted dyestuffs and other chemicals (Mohan et al. 2005).
Textile effluents are dark color, high turbidity of the receiving water body due to
usage of dyes and chemical. Improper disposal of textile wastewater causes direct
contamination of ground water and surface water (Thilakar et al. 2012).

Treatment process include physical, chemical and biological methods for
achieving color removal and reduction of TDS, BOD5, COD, which have merits
and economical limitations (Prajapati et al. 2012). The physical, chemical dye
removal methods are expensive and have limited versatility (Zee and Villaverde
2005). Recycling the wastewater from the industries involve various methods,
including aerobic and anaerobic microbial degradation, coagulation (Guendy 2010),
absorption (Sivakumar 2014; Sivakumar et al. 2014), activated carbon (Syafalni
et al. 2012), electrochemical process (Dogan and Haluk 2012), reverse osmosis
(Ramesh Kumar et al. 2013), ozonation (Guendy 2007), adsorption (Shankar and
Sreenivasa 2012; Sivakumar and Shankar 2012), catalytic oxidation (Hussein and
Abass 2010) and membrane processes (Abdulraheem and Abiodun 2012) etc. for
color removal from wastewater, these processes have high operational costs and
limited applicability.

Phytoremediation is one of the waste water treatment methods by using plant
based systems for removing the contaminants from various natural sources. To
clean up the contaminated water, selection of an appropriate and efficient plant
system is highly essential. Those plant systems should have high uptake of both
organic and inorganic pollutants, grow well in polluted water and be easily con-
trolled in quantitatively propagated dispersion (Roongtanakiat et al. 2007).
Phytoremediation is easier to manage because it is an autotrophic system of large
biomass that requires little nutrient input. Moreover, plants offer protection against
water and wind erosion, and prevents contaminants from spreading (Cluis 2004).
Phytoremediation treatment is used for treating many classes of contaminants like
petroleum hydrocarbons, chlorinated solvents, pesticides, explosives heavy metals
and radionuclides and landfill leachates. These technologies involve moderately
relatively high capital expenditure and manpower as well as long-term operating
costs (Shenbagavalli 2007; Prithabai 2008). In recent years, considerable attention
has been focused on absorption process using aquatic plants because of its
advantage over conventional treatment methods include low cost, high efficiency,
minimization of chemical and biological sludge (Roy et al. 2010). In India,
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terrestrial plants like Helianthus annuus, Phragmites karka, Datura innoxia,
Brassica juncea, Alternanthera sessilis and Zea mays have been used to treat dif-
ferent metals contaminating effluent soil and sludge from various types of industries
(Meagher 2000; Kramer and Chardonnens 2001; Peuke and Rennenberg 2005;
Prithabai 2008). The objective of study is to examine the proposed mechanism of
aquatic macrophytes plant contribution for remediation of textile waste water.

2 Materials and Methods

2.1 Experimental Setup

The lab-scale vertical-flow container beds with 44, 34 and 14.2 cm (length, width
and height) dimension were constructed 2 in number. The beds were white plastic
tray and planted with Alternanthera sessilis (Fig. 1). Each bed was filled with the
media consisting 5 cm of gravel layer and sand on the top as the supporting layer.
Approximately 10 L of raw effluent from factories was brought to the laboratory in
plastic containers and the experiments were setup in plastic containers. The
experiment plants were initially subject to stabilization in tanks containing tap water
for one month for acclimatization.

Ten liters of the particularly diluted effluents were prepared and then transferred
to plastic tank. For each experimental set, one control was maintained in stock tanks
and were collected, cleaned, introduced in the experimental tanks. Approximately
250 g each experimental plant used for the study, each occupying half of tanks.
Triplicate of each experimental setup was maintained and 500 ml from each effluent
were examined. The wastewater was treated at different hydraulic retention time for
24 h. The textile effluent was brought to the laboratory, diluted with tap water and

Fig. 1 Schematic diagram of vertical flow constructed wetland (a) A. sessilis (b) control
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placed in the storage tank with control flow to feed 0.3 L wastewater to the bed in a
one minute interval on a daily basis.

2.2 Analytical Methods

The effluent samples were collected in a sterile 500 ml plastic bottles, stored at 4 °C
and physico-chemical parameters like temperature, pH, electrical conductivity
(EC), total solids (TS), total dissolved solids, (TDS), total suspended solids,
chemical oxygen demand (COD) and biological oxygen demand (BOD5) were
analyzed as described by APHA (1998). The percentage concentration decrease
efficiency was evaluated according to Eq. (1) proposed by the International Water
Association.

E ¼ Ci � CO=CO � 100 ð1Þ

where, E = percentage concentration decrease efficiency (%), Ci = inlet concen-
tration (mg/l) and Co = outlet concentration (mg/l).

3 Result and Discussions

3.1 Physico-Chemical Characterization of Textile Effluents

The characteristics of textile effluent collected from Tirupur common effluent
treatment plant was brought to laboratory and was diluted with tape water. The
physico-chemical parameters are showed in Table 1.

Table 1 Characteristics of textile effluent (Raw wastewater 10:1 with diluted tape water)

Parameter Mean Minimum Maximum Std. deviation

Temperature (°C) 28 28.6 28.8 0.03

pH 8.75 8.68 8.86 0.02

Electrical conductivity (mS/cm) 7.08 7.05 7.12 0.01

TS (mg/l) 6500 6200 6700 61.72

TDS (mg/l) 6000 5800 6400 87.28

TSS (mg/l) 500 200 800 92.58

Total alkalinity (mg/l) 250 230 270 4.87

Total hardness (mg/l) 277 260 310 6.15

Chloride (mg/l) 648 610 680 9.11

DO (mg/l) 2.5 2.2 2.8 0.09

BOD5 (mg/l) 362 345 385 4.61

COD (mg/l) 1400 1200 1600 141.42
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3.2 Effect on Temperature

The temperatures determine the solubility of dissolved oxygen in water, its con-
centration and its availability to aquatic organisms (Anon 1996). The effect of the
textile effluent, on the phytoremediation was studied at temperature values ranging
from 24.5 to 25.5 °C (Fig. 2). The effluent from the bed planted with A. sessilis was
effectively removed (14%) at temperature of 24.5 °C during hydraulic retention
time (24 h) when compared to control.

3.3 Effect on PH

The pH of textile effluent was 8.25, the alkaline nature might be due to dyes and
other chemicals. The effluent from the planted A. sessilis had a mean pH of 7.76 and
unplanted bed had a mean pH of 7.8 during hydraulic retention time of 24 h
(Fig. 3). This result is consistent with the behaviour of pH in other treatment
wetlands (Belmont et al. 2004). The pH reduction in effluents is due to nitrification
that produces the hydrogen ion in constructed wetlands (Lin et al. 2005).

3.4 Effect on Electrical Conductivity

The EC of textile effluent was observed (Fig. 4), the A. sessilis planted bed had
mean value 0.89 lS/cm, whereas the unplanted bed had a mean of 1.32 lS/cm
during retention time 24 h. EC was reduced due to evapotranspiration and/or
movement of substrate by plant roots (Hench et al. 2003) and earlier reports for
pilot-container experiments in papyrus-based treatments showed higher reductions
(Kyambadde et al. 2004).
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3.5 Effect on Total Solids

Total solids of textile effluent 6814 mg/l, when treated with A. sessilis, had a mean
of 1500 mg/l whereas unplanted bed had mean of 3500 mg/l during HRT of 24 h.
In the present study, plants removed TS in 78% textile effluent whereas in the
unplanted it is 49% (Fig. 5).
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3.6 Effect on Total Dissolved Solids

The TDS removal by A. sessilis was good in almost all concentrations (Fig. 6)
while the textile effluent was observed with 577.48 mg/l TDS. The effluent from the
planted had a mean TDS of 73.26 mg/l and unplanted bed had a mean 115.14 mg/l
during the HRT of 24 h. There occurred an 83% increase in planted while lowest
occured at 50% in unplanted.

3.7 Effect on Total Suspended Solids

The TSS of textile effluent was 814 mg/l, after treated with A. sessilis the mean was
300 mg/l, whereas unplanted bed had a mean TSS 714 mg/l during the HRT of
24 h (Fig. 7). TSS removal efficiencies were reported in similar studies (Neralla
et al. 2000; Steer et al. 2002). In the present study the performance efficiency was
38% which is higher than the control (12%).

3.8 Effect on Total Alkalinity

The average TA concentration of textile effluent was 250 mg/l, after treatment with
A. sessilis it reduced to 90 mg/l, during the HRT of 24 h (Fig. 8) which is 64%
effective whereas in the unplanted bed TA reduced at 18% rate in 24 h.

3.9 Effect on Total Hardness

The hardness of textile effluent was 272 mg/l and reduced to 90 mg/l by phy-
toremediation during the HRT of 24 h and 160 mg/l was found in control (Fig. 9).
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3.10 Effect on Chloride

The chloride content in textile effluent was 648 mg/l which are alarmingly high
values. The effluent from the treatment had a mean chloride of 425 mg/l and
unplanted bed had a mean chloride of 551 mg/l during the HRT of 24 h (Fig. 10).
In the present study it has been found that A. sessilis removed 44% of chloride
whereas in unplanted it reduced to 26%.

3.11 Effect on Dissolved Oxygen

The dissolved oxygen was increased (5.85 mg/l) with in 24 h by A. sessilis treat-
ment than the 2.5 mg/l of textile effluent (Fig. 11). According to Reddy (1981), it
might be the reason that the presence of plants in wastewater depletes dissolved
CO2 during the period of photosynthetic activity and an increase in DO of water,
thus creating aerobic conditions in wastewater.
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3.12 Effect on Biological Oxygen Demand

The BOD5 of textile effluent was 162 mg/l and increased by A. sessilis treatment to
110 mg/l which is efficient than unplanted bed which had a mean BOD5 of
130 mg/l during the HRT of 24 h (Fig. 12). BOD5 removal between planted and
unplanted wetlands may be due to microbial degradation of organics coupled with
root zone oxygen input (Klomjek and Nitisoravut 2005). The BOD reduction study
by Steer et al. (2002) reported that the sedimentation, adsorption and microbial
metabolism are considered to be the primary mechanisms for BOD removal, it is
likely that the plant roots and falling residues provide a more effective settling
medium than gravel alone, while at the same time increasing surface area for
attachment and food sources for the microbial populations. In the present study the
plant removed BOD5 at maximum of 66% and minimum of 27% in textile effluent.

3.13 Effect on Chemical Oxygen Demand

The COD was reduced by A. sessilis to 180 mg/l (65%) from the observed 460
(20%) mg/l in the textile effluent (Fig. 13). In control the COD was reduced to
280 mg/l during the HRT 24 h, this data agrees with the finding of Mashauri et al.
(2000) who found that longer retention time would reduce COD. The removal of
COD is attributed to microbial degradation of substrate by the plants roots
(Greenway and Woolley 1999; Vymazal 2002; Steer et al. 2002). This is in
agreement with the observations made by Lim et al. (2001) but also in contrast to
the results reported by Tanner et al. (2005). However, daytime photosynthes is done
by plants could actually generate oxygen to balance the oxygen used for organic
mineralization and nitrification (Lin et al. 2005).
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4 Conclusion

There are various methods employed for effluent treatment in textile industry. But,
all the methods are not significantly used in textile industry because of various
difficulties such as time, cost, raw material unavailability, etc. In this study, the
investigation was carried out in the textile dye effluent by natural adsorbents namely
phytoremdiation. The results indicated that the removal of organic pollutant was
enhanced by the presence of plants. It is possible that the presence of plants roots
with rhizobacteria had an advantageous effect on improving the organic pollutant
degradation. It is observed that these adsorbents are active in removal of dye and
harmful pathogenic bacteria. From this study, the promising attributes of
Alternanthera sessilis includes its tolerance to dye and dye absorption along with
good root development, low maintenance and ready availability in contaminated
regions. These characteristics helps to prove that the suitability of the plant in
dyeing industry effluent treatment ponds. Hence, it is concluded that A. sessilis has
the potential in removal of dye and harmful pathogenic bacteria and more useful for
waste water treatment applications.
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