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Abstract  Textile industries play a crucial role in Indian economy and also cause 
serious issues on environmental pollution. The demand of colors, fade-resistant gar-
ments, and other hue products are increasing in day-to-day lifestyle, triggering the 
blooming of dyeing industries. These factories utilize colossal volume of water and 
various chemical substances for dyeing process and release toxic organic pollutants 
such as organic azo-dyes, surfactants, and phenolic compounds with effluent to the 
environment which severely disturb the natural balance and affect all forms of living 
beings. Higher concentration of colored compounds in the effluent mixed with sur-
face water reduces the flow of sunlight and prevents the photosynthetic process of 
aquatic vegetation. Also, it affects the fertility of agricultural land and health impacts 
in human and animals. The changes in physicochemical nature of surface and under-
ground water quality due to textile effluent lead to water crisis. Conventional treat-
ment methods are expensive and not sufficient in efficient removal of organic 
pollutants from the wastewater. Thus, economically and ecologically safe approaches 
are needed for the treatment of textile industry effluent to prevent and conserve 
natural resources without affecting the growth of this sector. In this chapter, eco-
friendly techniques such as bioremediation, phytoremediation, coagulation process 
by natural coagulants, and biogenic nanomaterials applied for the removal of 
organic pollutants from the textile effluent are elaborately discussed.
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1  �Introduction

Globally, environmental pollution is considered as a serious issue due to the rapid 
escalation of diverse industries as well as human population explosion (Ali et al., 
2020). Textile dyeing industries are economically important, and it holds the second 
place after agriculture sector in India. Among all the type of industries, textile 
industries are contributing 14% overall production in India (Raichurkar & 
Ramachandran, 2015). These industries consume huge quantity of water for dyeing 
and finishing process; generate wastewater with toxic organic contaminants such as 
unfixed dye stuffs (e.g., xanthenes, Congo red, anthraquinones, phthalocyanines), 
phenolic compounds, and surfactants (Chanwala et  al., 2019; Yang et  al., 2019; 
Fernandez et al., 2010; Mahajan et al., 2019).

Annually, 2,80,000 tons of unfixed dyestuffs waste water from textile dyeing 
industry is released into the environment with or without partial treatment (Gita 
et al., 2019). In India, around 10,000 textile factories, 2100 bleaching as well as 
finishing units are running to produce textile products such as readymade cloth, 
handlooms, silk, wool, jute, nylon, and polyester and these factories are exporting 
their produce to various countries (Sachin et al., 2010).

2  �Textile Dyeing Process

Textile dyeing industries widely implement a conventional approach known as “wet 
processing” method for dyeing the cotton yarn and fabric materials. In this process, 
various complex sequential steps such as sizing, desizing, scouring, bleaching, dye-
ing, and finishing processes are being employed to manufacture a complete fur-
nished colorful garment (Punzi, 2015; Bisschops & Spanjers, 2003; Mattioli et al., 
2002; Verma et al., 2012). Wet dyeing process of cotton fabric materials is summa-
rized in Fig. 1. Before weaving and spinning steps, the yarn or cotton fabrics are 
subjected to sizing process with diverse kinds of sizing materials (starch, carboxy-
methylcellulose, polyvinyl alcohol, polyacrylase). The desizing process removes 
impurities and chemical substances attached to the sized fabrics. Diluted H2SO4 
(0.5%) is generally used as a desizing agent along with alkali, surfactants, and 
enzymes.

In the scouring process, the organic impurities such as oil, grease, fats, wax, and 
other dirt present in the fabric material are removed before dyeing process. This 
process is carried out by boiling the raw materials with alkaline solution and scour-
ing agents (soaps, detergents, wetting agents, alkalis, lubricants, defoaming agents) 
to improve the dye fixation ability. After this treatment, the materials are washed 
thoroughly with caustic soda, sodium silicate, detergents, and water. The bleaching 
step is a major step which eradicates any natural tint found in the fabric and bleaches 
it into white by bleaching substances such as hydrogen peroxide, sodium hypochlo-
rite, and optical brightness for efficient dyeing attachment. Subsequently, the 
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mercerizing process, which is a continuous chemical process, enhances the strength, 
appearance, luster, and dye binding ability of fabrics toward the dye substances. 
Sodium hydroxide is commonly used as a mercerizing agent. After this process, 
alkaline pH of the processed material has to be neutralized by sequential washing 
with water. Figure 2 shows the wet dyeing process of cotton fabric material.

Fig. 1  Steps in the wet dyeing process

Fig. 2  Cotton fabric dyeing by wet processing method
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Dyeing process is an essential step of wet processing, which makes use of vari-
ous kinds of organic and inorganic dye stuffs (Imtiazuddin et al., 2012) that belong 
to azo, reactive, disperse, direct, and vat dye classes. The dye fixation with the fab-
rics takes place under alkaline condition with higher temperature. This method uti-
lizes various organic, inorganic, and polymeric compounds for processing (Robinson 
et al., 2001). In the printing process, processed materials are headed to print required 
designs with multi-colored dyes and pigments. The printing paste comprises water, 
dyes, thickening agents, solvents, surfactants, and urea. Various methods such as 
flatbed screen, heat transfer, resist style, direct style, and rotary screen are widely 
employed for printing process (Bisschops & Spanjers, 2003; Wadje, 2009). The 
finishing process improves and enhances the quality, appearance, durability, and 
acceptability of the printed fabrics for commercialization. Generally, formaldehyde 
mixed with dye fixing agents, resins, softeners are used to increase water and flame 
resistant, antimicrobial, antistatic, antiwrinkling and insect repellent properties of 
the printed fibers. The finished garments are subjected to quality analysis, folding, 
packing, and exporting to national as well as international level.

3  �Water Consumption for Wet Processing

Wet processing requires large quantity of water for dyeing, washing, chemical pro-
cessing, bleaching, and finishing process. USEPA reported that a typical dyeing 
factory utilizes approximately 36,000 L of water for producing 20,000 Ib/day for a 
fully furnished fabric garment. Nigam et al. (2000) have reported that the textile 
dyeing units use 200–500 L of water to manufacture 1 kg of processed products. 
Also, 1 kg of cotton materials dyeing with reactive dyes requires 70–150 L of water, 
30–60  g of dye substances, and 0.6–0.8  kg of sodium chloride for dye fixation 
process.

Marcucci et al. (2002) stated that a classic dyeing industry needs 200–500 L of 
water to produce 1 kg of processed garments. Mainly, the water consumption level 
depends on the employing process, raw materials, dye types, and machines used in 

Table 1  Overall water requirement for wet processing

Water required for wet processing (cotton)
Process Requirements in L/1000 kg of fabrics

Sizing 500–8200
Desizing 2500–21000
Scouring 20000–45000
Bleaching 2500–25000
Mercerizing 17000–32000
Dyeing 10000–300000
Printing 8000–16000

Source: http://www.fibre2fashion.com

K. G. Ahila et al.

http://www.fibre2fashion.com


429

the industries. Table 1 illustrates the liters of water required for wet process (http://
www.fibre2fashion.com). Figure 3 shows the percentage of water consumption in 
overall process.

4  �Organic Dyes in Textile Dyeing Processes

Mankind has used dyes for thousands of years and the earliest known use of a colo-
rant is believed to be with a Neanderthal man about 1,80,000 years ago. Though, the 
first known use of an organic colorant was much later, being nearly 4000 years ago, 
when the blue dye indigo was found in the wrappings of mummies in Egyptian 
tombs (Gupta & Suhas, 2009). Dye molecules generally comprise chromophore 
groups, which are responsible for color formation and auxochrome and act as elec-
tron acceptor and assist in water solubility nature. In addition to this, it enhances the 
binding affinity of dye toward the fibers, and it increases the color intensity. Thus, 
the auxochromes are also represented as “color enhancer.” Chromophore groups are 
usually found in the organic dyes as carbonyl group (=C=O), =C=C=, C=NH, or 
C=S sulphur bonding (Hunger, 2003; Pereira & Alves, 2012). Most of the dyes are 
of synthetic origin with complex aromatic structural property. The dye structures 
are based on the presence of hydrocarbons such as naphthalene, benzene, toluene, 
xylene, and anthracene (Rivera et  al., 2011). Dye classes and few examples of 
organic dyes used in dyeing industries are given in Table 2. The structure of some 
widely used organic textile dyes is shown in Fig. 4.

Fig. 3  Overall water usage in a classic textile dyeing industry
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5  �Characteristics and Effects of Textile Industry Effluent

The characteristics and composition of waste water generated from dyeing indus-
tries depend on the utilization of organic, inorganic chemicals and dye substances as 
well as processing methods. The physicochemical parameters, such as color, pH, 
temperature, total solids, total dissolved solids, chemical oxygen demand, 

Table 2  Dye classes and examples of organic dyes used for dyeing purposes

Dye class Example Molecular formula Applications

Acid dye Congo red C32H22N6Na2O6S2 Silk
Nylon
Wool fibers
Paper
Leather

Methyl orange C14H14N3NaO3S
Methyl red C15H15N3O2
Acid orange (II) 7 C16H11N2NaO4S
Naphthol blue black C22H14N6Na2O9S2
Acid blue C20H13N2NaO5S
Acid yellow C12H9N3Na2O6S2
Acid violet 7 C20H16N4Na2O9S2

Basic dyes Basic blue 41 C20H26N4O6S2 Silk
Nylon
Wool
Polyester

Rhodamine B C28H31ClN2O3
Methylene blue C16H18ClN3S
Aniline yellow C12H22N3

Crystal violet C25H30ClN3
Disperse dyes Disperse blue 1 C14H12N4O2 Polyamide

Fibers
Polyesters
Nylon
Poly-acrylonitriles

Disperse red 1 C16H18N4O3
Disperse orange 1 C18H14N4O2
Disperse yellow 26 C12H9ClN2O2
Disperse brown 1 C16H15Cl3N4O4

Direct dyes Direct black 38 C34H25N9Na2O7S2 Silk, cotton
Wool
Flax, rayon
Paper
Leather

Direct orange 34 C33H24N6NaO9S2
Direct blue 71 C40H23N7Na4O13S4
Direct violet 35 C34H24N5Na3O11S3
Direct red 80 C45H26N10Na6O21S6

Reactive dyes Procion brilliant blue C23H14Cl2N6O8S2 Wool
Cellulosic fibers
Polyamide
Nylon
Silk

Reactive black 5 C26H21N5Na4O19S6
Reactive red 120 C44H30Cl2N14O20S6
Remazol red B C18H14N2Na2O10S3
Reactive yellow 14 C20H19ClN4Na2O11S3
Reactive blue 19 C22H16N2Na2O11S3

Vat dyes Indigo C16H10N2O2 Wool
Flax
Wool
Rayon

Benzanthrone C17H10O
Vat blue 6 C28H12Cl2N2O4
Vat green 1 C36H20O4
Vat violet 18 C17H7Cl4NO2S
Vat black 25 C45H22N2O6
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biological oxygen demand, chloride, carbonate’s heavy metal content in the efflu-
ent, show extreme fluctuation in the concentration, which indicates the quality of 
dyeing wastewater (Phalakornkule et al., 2010; Carmen & Daniela, 2012). The per-
sistent organic dyes are difficult to degrade due to its complex structural feature and 
higher molecular mass (Verma et al., 2011). The toxic dyeing effluent chiefly con-
tributes to the deterioration of terrestrial as well as aquatic environment (Tehrani-
Bagha & Mahmoodi, 2010).

In Tamilnadu, the quality of Noyyal (Erode), Amaravathy (Karur), Cauvery 
(Trichy), and Bhavani (Coimbatore) river water is drastically polluted by the direct 
release of treated or untreated dyeing effluent (Sathiyaraj et al., 2017). The waste-
water with higher concentration of color and TDS impedes the re-oxygenation 
potential, prevents sunlight penetration, affects the biological activities as well as 
photosynthetic process, and leads to destroy aquatic flora and fauna (Zaharia et al., 
2009). In addition to this, phosphorous and nitrogen from the industrial effluent 
mixed into the river cause eutrophication (Qasim & Mane, 2013), reduction in 

Fig. 4  Structure of some organic dyes used for dyeing applications
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yielding crop in agriculture land, pollution due to the organic contaminants like 
carboxylate, azo compounds, naphthalene (Annamalai et  al., 2014), and cause 
human health issues like infertility, cancer, skin allergy, and respiratory problems. 
Fernandes et al. (2018) and Bonet et al. (2018) reported liver damage, inflammatory 
diseases, and bladder cancer because of the toxic effects of organic dye substances.

The reservoir bed of Orathapalayam dam increased several meters with settling 
of toxic sludge from textile dyeing industries released with higher TDS content. 
Due to this harmful effect, about 400 tons of fishes died. In Coimbatore, the Bhavani 
River has been polluted with dyeing effluent, and the farmers utilize polluted water 
for the irrigation to cultivate vegetables, paddy, banana, and turmeric. The toxic 
compounds which enter into the food chain may cause severe health impacts in all 
trophic levels.

6  �Organic Pollutants in Dyeing Wastewater

The processed wastewater discharge during the dyeing as well as finishing process 
is characterized with higher concentration of organic contaminants, unfixed toxic 
organic dye stuffs, heavy metals, and various kinds of chemical impurities (Wu 
et al., 2016; Arslan-Alaton & Alaton, 2007). The recalcitrant organic dyes, surfac-
tants, salts, and chlorinated chemicals used for dyeing purpose are considered as the 
most important organic pollutants in dyeing effluent (Ben Mansour et al., 2012). 
Most of the organic toxicants contain different characteristics and include aliphatic 
or aromatic cyclic rings or halogenated substitution compounds especially chlorine 
that enhances their persistent nature, which are difficult to remove from the environ-
ment; also its carcinogenic properties cause severe health impacts in humans and 
other animals (Huang et al., 2017). The foremost ingress of organic pollutants to the 
textile effluent is from the raw materials used for garments production. Natural (cot-
ton, wool) and chemical-based fibers (nylon, polyester) are widely used as a raw 
material for the production textile products. Natural fibers usually contain organic 
pollutants like oil, grease, fats, wax which also contributes in the increase of COD 
and BOD of textile industry wastewater (Le Marechal et al., 2012). In addition to 
this, the organic chemical compounds of pesticides and herbicides such as penta-
chlorophenol, diazinon, fenvalerate, cypermethrin, and cyromazine used during the 
cultivation period remain attached with the natural fibers thereby increasing the 
organic pollutant load in the effluent. The lipophilic properties of certain pesticides 
also aided to strong affinity with cotton fibers. Various kinds of pollutants are 
released from each step of wet processing due to the usage of different organic 
chemical substances.

In sizing and desizing process, the discharge of organic pollutants depends on the 
raw materials (cotton, linen, synthetic fibers) as well as chemical substances. Typical 
organic contaminants produced during these processes are enzymes, hemicellu-
loses, carboxymethyl cellulose, starch, fats, etc. During the scouring process, 
anionic, ionic, non-ionic surfactants, formate, wool waxes, and anionic detergents 
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are liberated into the effluent. After the bleaching process, the organic pollutant load 
increased with the presence of bleaching agents and other chemical matter, includ-
ing EDTA, polyacrylates, and gluconates. Higher organic contaminants are formed 
after the dyeing, finishing, and printing processes. Volatile organic compounds like 
benzene, xylene, and methane used in printing process are also released into the 
atmosphere. Major pollutants are unfixed lethal organic dyes (contribute to rise of 
color intensity in wastewater) along with auxiliary chemical components such as 
alkylphenol, EDTA, methylenephosphonic acid, fatty amine ethoxylates, ammonia, 
glycerin, polyvinyl alcohol, mineral oil, and halogenated compounds, which 
dynamically lift the concentration of organic pollutants, TDS, COD, and salts in the 
textile industry wastewater. Generally, these noxious contaminants present in the 
contaminated environment are detected qualitatively and quantitatively by spectro-
scopic (UV-visible spectroscopy and surface-enhanced Raman scattering) as well as 
chromatographic (LC-MS and GC) instrumental analytical methods (Borah et al., 
2020). Dan et al. (2018) detected organic pollutants using UV spectrophotometer in 
the wavelength ranges from 250 to 300 nm. The persistent, recalcitrant dye compo-
nents and other organic contaminants entirely alter the nature of dyeing effluent and 
lead to difficulty in the reduction of pollutants and also cause inefficiency in treat-
ment process. A few examples of organic pollutants released during the wet pro-
cessing method are presented in Table 3.

7  �Eco-friendly Techniques for the Removal 
of Organic Pollutants

Traditionally, the organic contaminants present in the polluted environment are 
eliminated by physical (adsorption, reverse osmosis, membrane filtration, photoly-
sis, sonication), chemical (coagulation, flocculation, precipitation, chemical 

Table 3  Several organic pollutants present in wet processing wastewater

Process Organic pollutants

Sizing and 
desizing

Cellulose, enzymes, starch, fats, oil, polyvinyl alcohol, gelatin, etc.

Scouring Surfactants, detergents, soaps, petroleum spirit, nitrogenous matter, glycerol, 
grease, waxes, fats

Bleaching Gluconates, polyacrylates, cellulose, surfactants
Mercerizing Alcohol sulphates, cyclohexanol, surfactants
Dyeing Organic dye substances, amine ethoxylates, ammonium compounds, 

polymeric substances, ethylenediaminetetra (methylenephosphonic acid), 
EDTA

Printing and 
finishing

Aliphatic hydrocarbons, organic dyes, polysaccharides, polyvinyl alcohol, tin 
organic compounds, methylpyrrolidone, glycols, acrylamide, polyacrylates, 
etc.

An Overview on Eco-friendly Remediation of Toxic Organic Contaminants from Textile…
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oxidation and reduction), physicochemical (electrocoagulation, ion-pair extraction, 
electrochemical treatment), biological (aerobic and anaerobic digestion, oxidation 
ponds, microbial degradation, enzymatic and plant-based treatment), and combina-
tion of all these approaches (Robinson et al., 2001; Kabra et al., 2013; Jain et al., 
2020; Zhou et al., 2019; Senthilkumar et al., 2018; Santhanama et al., 2019).

Schematic treatment process typically carried out in effluent treatment plant 
(ETP) is given in Fig. 5. Most of the abovementioned techniques involve high cost; 
tedious, ineffective, and difficult to degrade certain kinds of toxic dyes; and produce 
secondary pollutants like intermediate compounds, huge amount of sludge, and 
alteration in pH of the treated water. Moreover, many of these methods are harmful 
to the environment. To overcome these disadvantages, various researchers reported 
biological methods for industrial effluent treatment. In this chapter, eco-friendly 
treatment techniques such as adsorption, coagulation (plant and animal-based 
adsorbents and bio-coagulants), microbial biodegradation (bacteria and fungi), phy-
toremediation (terrestrial and aquatic plants), and green-synthesized nanomaterials 
(silver, iron, copper, zinc oxide, graphene oxide nanoparticles) adapted to remove 
organic contaminants from the textile dyeing industry wastewater are provided.

Fig. 5  Typical dyeing effluent treatment process
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7.1  �Adsorption

Adsorption is referred as the binding substances on the surface of adsorbent through 
chemical bonding. This treatment is considered as an efficient and non-toxic tech-
nique to eliminate soluble and insoluble organic pollutants from the wastewater. 
Granular or powdered activated carbon is a broadly used commercial adsorbent, but 
it is expensive. Recently, researchers focus on preparing bio-based adsorbents from 
various sources like plant wastes (leaf, wood, flower), algae, rice husk, seaweed, 
hair, mud, zeolite, clay, hydroxides, and metal oxides, as an alternative to activated 
carbon (Ali et al., 2012; Velmurugan et al., 2011).Importantly, an excellent adsor-
bent should possess various properties such as porosity, polarity, solubility, surface 
area, and solution of the pH to enhance the adsorption capacity (Kyzas et al., 2013). 
Activated carbon from biological-based raw materials is prepared through carbon-
ization and physical as well as chemical activation method. Usually, higher tem-
perature is applied for carbonization process, which eliminates non-carbon 
compounds like hydrogen, oxygen, and nitrogen (Ali et al., 2012).

Miyah et al. (2018) proved the decolorizing efficiency of walnut powder as a 
natural low-cost adsorbent and exhibited higher adsorption capability of methylene 
blue dye from aqueous solution than commercially available expensive adsorbents.

Yang and Hong (2018) reported the adsorption potential of Glyssogyne tenuifolia 
leaves treated with lauric acid toward organic toxic dyes. In another investigation, 
shells of almond, apricot, and walnut treated with levulinic acid efficiently adsorbed 
methylene blue dye from aqueous solution (Kocaman, 2020). Likewise, Saeed et al. 
(2010) reduced the concentration of crystal violet dye concentration in aqueous 
solution by grape fruit peel powder as an effectual adsorbent through adsorption 
mechanism. Various researchers prepared bio-based adsorbents for the removal of 
textile organic dye decolorization (Table 4).

Table 4  Various bio-based adsorbents used for textile dye decolorization

Bio-based adsorbents Organic pollutants References

Potato peel Methylene blue Taher et al. (2010)
Orange peel Methylene blue Velmurugan et al. (2011)
Coconut shell Reactive dyes Vieira et al. (2011)
Potato husk Acid red (AR37) Hilal et al. (2012)
Garlic peel Direct red (DR12B)
Cashew nut shell Methylene blue Ponnusamy (2014)
Egg shell waste Methylene blue Abdel-Khalek et al. (2017)
Walnut shell Methylene blue Miyah et al. (2018)
Cranberry leaves Lissamine green Al-Kadhi (2019)
Lignocellulosic waste Reactive blue 19 Degermenci et al. (2019)
Banana peel Reactive black 5 Munagapati et al. (2019)

An Overview on Eco-friendly Remediation of Toxic Organic Contaminants from Textile…
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7.2  �Coagulation

Coagulation is a widely used conventional treatment technique employed in various 
industries to reduce organic pollutants and suspended solids and achieve complete 
decolorization of toxic organic dyes from the dyeing wastewater with the aid of 
chemical and biological coagulating agents. In addition to this, it evades the forma-
tion of toxic intermediate compounds and secondary pollutants during the degrada-
tion process (Golob et al., 2005; Verma et al., 2012). Aluminum hydroxide (alum), 
iron-based salts (ferric chloride, ferrous sulphate), calcium hydroxide, and polyalu-
minum chloride are broadly used for the pre-treatment of dyeing effluent (Kang 
et  al., 2003; Huang et  al., 2009; Patel & Vashi, 2010). The basic mechanism of 
coagulation is charge neutralization, inter-particle bridging, and destabilization of 
colloidal particles like soluble dye molecules as well as suspended solids leads to 
the formation of microflakes or agglomerates. The aggregation of microflocs forms 
large-sized aggregates and settle down. The separation of settled sludge can be car-
ried out by sedimentation as well as filtration process (Verma et al., 2012; Wang 
et  al., 2018; Manholer et  al., 2019). The performance of coagulants crucially 
depends on the optimum dosage of coagulant, pH of the solution, and characteris-
tics of the effluents or pollutants (Patel & Vashi, 2010).

The application of synthetic polymeric and metal-based coagulants in effluent 
treatment has some limitations including the production of settled solid sludge after 
coagulation process, alteration in pH and nature of treated water, inefficient in the 
decolorization of insoluble dye stuffs, and complications in the disposal as well as 
limited to recycling of synthetic coagulants (Anjaneyulu et al., 2005; Ramavandi, 
2014; Anastasakis et al., 2009). Additionally, researchers reported harmful effect of 
chemical coagulants such as alum, which leads to Alzheimer’s disease in humans 
(Vijayaraghavan et al., 2011; Flaten, 2001). Natural polymers and coagulants are an 
alternative source for toxic chemical coagulants because of low cost, eco-friendly 
nature, biodegradability, easily available, and not causing any detrimental effects on 
humans or other animals. Furthermore, solid sludge obtained after treatment of 
effluent using natural coagulants can be used as a soil conditioning agent and 
manure (Zahrim et  al., 2011). In general, polysaccharides, proteins, tannin, and 
mucilage are extensively used plant-based coagulants (Yin, 2010).

The phytocompounds, namely, polysaccharides such as galactomannan, galac-
tan, galacturonic acid, and mucilage are capable coagulants aided for the removal of 
suspended solids, color, COD, turbidity, and toxic organic pollutants from the tex-
tile industry wastewater. Many researchers validated the coagulation property of 
mucilage extracted from Abelmoschus esculentus, fenugreek, dragon fruit peel, cac-
tus, etc. (Freitas et  al., 2015; Anastasakis et  al., 2009; de Souza et  al., 2014; Le 
et al., 2020).

Moringa oleifera Lam seed powder is a well-known natural coagulant efficiently 
used for the treatment of dye related wastewater (Fig. 6). It eliminated 95% of azo 
dyes from the aqueous solution and shown better performance in the removal of 
textile dyes such as Blue 71, Acid Yellow 23, and Reactive Red from the effluent 
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(Altamirano-Corona et  al., 2015). Cationic protein molecules found in the seed 
extract possess positive charge and are actively participating in the diminution of 
anionic dye contaminants by means of charge neutralization as well as adsorption 
mechanism (Sapna et al., 2012).

In another investigation, M. oleifera Lam seed powder effectively decreased 74% 
of color, 84% of TDS, 39% of COD, and 65% of turbidity from the dyeing-related 
wastewater (Kalaicelvi et al., 2016). Sanghi et al. (2006) achieved 87% decoloriza-
tion of acid dye form the aqueous solution using coagulant prepared using seed gum 
of Ipomeoa dasysperma. Similarly, Mahmoudabadi et  al. (2019a) confirmed the 
coagulant property of Plantago major extract and successfully decolorized Reactive 
Blue 19 dye.

In contrast to plant coagulants, animal-based materials also encompass effective 
coagulation property. Chitosan is a major coagulant derived from deacetylated chi-
tin, which is composed of D-glucosamine and N-acetyl D-glucosamine (Yin, 2010; 
Kurita, 2006; Verma et al., 2012). These natural polymers are capable in the reduc-
tion of suspended solids, color causing organic dye substances, COD, and turbidity 
from the dyeing wastewater (Guibal & Roussy, 2007). Mahmoodi et al. (2011) suc-
cessfully removed 75% of Acid green 25 dye and 95% of Direct red 23 dye from 
textile wastewater using chitosan. Likewise, Abdullah and Jaeel (2019) studied the 
coagulation potential of chitosan and reduced acid dye concentration from textile 
dyeing wastewater. Some natural coagulants used for the remediation of textile dye-
ing effluent and organic dye decolorization are given in Table 5.

7.3  �Phytoremediation of Organic Dye Pollutants

Phytoremediation or green remediation is an ecologically benign, aesthetically 
pleasant approach, which uses live plants (aquatic and terrestrial) for the treatment 
of industrial effluent, polluted soil, and restoration of contaminated sites (Sinha 
et al., 2007; Ekambaram et al., 2018). Naturally, plants contain defense mechanism 
against toxic compounds or environmental stresses. Through the enzymatic path-
ways, plants convert toxic compounds to non-toxic compounds, and this property 

Fig. 6  Treatment of textile effluent using M. oleifera Lam seed as a natural coagulant
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assists in the degradation of organic contaminants (Govindwar & Kagalkar, 2010). 
Classically, plants remediate contaminants through various modes including phyto-
extraction, phytotransformation, phytostabilization, rhizofilteration, phytoaccumu-
lation, rhizodegradation, and phytovolatilization (Ali et al., 2013; Muthusamy et al., 
2018; Ali et al., 2020). The remediation capability of the plants mainly depends on 
the plant species, interaction with root region, bioavailability, nature of the growth 
medium, characteristics of the pollutants or effluent, selection of chelating agents, 
and environmental conditions such as pH, temperature, and salt concentration 
(Tangahu et al., 2011). Chara vulgaris, Eichhornia crassipes, Lemna minor, Pistia 
stratiotes, Hydrocotyle vulgaris roots, Nasturtium officinale, Typha angustifolia, 
Hydrilla verticillata, Azolla pinnata, Azolla filiculoides, Medicago sativa L., 
Bacopa monnieri L, and Sesbania cannabina Pers are some plants having remedia-
tion potential and used for wastewater and polluted soil treatment.

Kabra et al. (2013) examined the effluent treatment as well as dye decolorization 
potential of Glandularia pulchella (Sweet) Tronc. The toxic dye stuffs in the efflu-
ent stimulate the production of several enzymes such as tyrosinase, lignin peroxi-
dase, alcohol oxidase, and dichlorophenolindophenol reductase which enhances the 
degradation of contaminants from the dyeing wastewater. Vafaei et  al. (2012) 
obtained 99% removal of Basic Red 46 dye from the aqueous solution using Azolla 
filiculoides under optimized pH and temperature. The results concluded that the 
synthesis of antioxidant enzymes induced due to the chemical stress involved in the 
decolourization process. Vasanthy et al. (2011) successfully reduced 95% of Red 
RB and 99.5% of Black B from aqueous solution using the whole plant of 
E. crassipes. The chromatographic (GCMS) analysis of plant extract obtained after 
treatment confirmed the increased level of hexadecanoic acid and decreased level of 

Table 5  Bio-based coagulants used to remove organic pollutant

Bio-based coagulants Organic pollutants References

Chitosan Acid green 25 and Direct red 23 Mahmoodi et al. 
(2011)

Moringa oleifera Lam seed, 
Maize seed, chitosan

Congo red Patel and Vashi 
(2010)

Plantago major L. Neutral red Chaibakhsh et al. 
(2014)

Acanthocereus tetragonus Congo red Chethana et al. 
(2016)

Ocimum basilicum seed 
mucilage

Textile effluent treatment Shamsnejati et al. 
(2015)

Dillenia indica COD, color, and turbidity from textile 
effluent

Manholer et al. 
(2019)

Moringa strenopetala Reactive blue 19, Reactive red 195, 
Direct red 81, Direct blue 86

Gelebo and Ahmed 
(2019)

Alcea rosea root mucilage Disperse red 60 and Reactive blue 19 Mahmoudabadi et al. 
(2019b)

Hylocereus undatus fruit peel 
mucilage

TSS, COD, and color from textile 
effluent

Le et al. (2020)
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chlorophyll and phytol content. In another analysis, E. crassipes effectively elimi-
nated 50.64% of total solids, 55.71% of BOD, 40–70% of COD, 94.78% of chro-
mium, 94.44% of copper, and 96.88% of zinc from the dyeing wastewater. The 
alkaline pH of the effluent was also neutralized by water hyacinth (Mahmood 
et al., 2005).

The combination of algae (Nostoc) with aquatic plants (Eichornia crassipes and 
P. stratiotes L) is used for the elimination of pollutants from the mixture of textile 
industry effluent, and it removed 65% of COD from the effluent through synergistic 
mechanism (Roy et al., 2010). Salvinia molesta is a submerged aquatic flora which 
has the dye degradation potential. Chandanshive et al. (2016) effectively removed 
97% of Rubine GFL azo dye from the aqueous solution using Salvinia molesta by 
triggering the production of plant enzymes such as laccase, lignin peroxidase, tyros-
inase, alcohol oxidase, DCIPR reductase, catalase, and supermutase. The degrada-
tion and intermediate compounds were identified using GC-MS, FTIR, and HPLC 
analysis. The microscopic analysis confirmed the accumulation of dye substances in 
the stem region after 48 hours. In addition to this, S. molesta plant reduced 82% of 
BOD and 76% of COD after 192 hours from real dyeing effluent.

Mahajan and Kaushal (2016) removed pH, EC, total dissolved solids, COD, and 
BOD from the different dilution (100%, 75%, 50%, 25%, and 10%) of textile dye-
ing industry effluent within 7 days through phytoextraction mechanism of H. verti-
cillata (L.f) Royle. In the same way, Patel and Adhvaryu (2016) studied the dyeing 
effluent treatment potential of E. crassipes and P. stratiotes L. The treatment pro-
cess was performed for 7 days, and the parameters such as pH, total solids, COD, 
and dissolved oxygen of the treated effluent was checked. After treatment, the COD 
level got decreased and the dissolved oxygen got increased. E. crassipes showed 
maximum removal of color than P. stratiotes L. The aquatic floating plant Azolla 
pinnata potentially eliminated 90% of methylene blue dye from the aqueous solu-
tion which confirmed its phytoremediation potential (Al-Baldawi et al., 2018). As 
well, Khataee et al. (2012) achieved 80% reduction of Acid Blue dye using Lemna 
minor after 6 days of treatment period. The decolorization process can be assisted 
by various antioxidant enzymes including ascorbate, peroxidases, and superoxide 
dismutase produced by Lemna minor due the stress caused by toxic effect of dye 
molecules (Paczkowska et al., 2007). Similarly, Imron et al. (2019) removed 80.56% 
of methylene dye using Lemna minor within 24 hours of duration. Bacopa monnieri 
(L.) Pennell plant potentially degraded 90–100% several reactive and azo dyes after 
2 weeks of treatment duration under hydroponic culture (Shanmugam et al., 2019).

Most of the aquatic plants uptake the contaminants through the root region and 
degrade the pollutants via rhizodegradation mechanism. Moreover, the microorgan-
isms present in the rhizosphere region get stimulated by the production exudates by 
plants and the degradation of pollutants occurs by synergistic effect. The absorbed 
toxic contaminants are easily converted into non-toxic compounds. And also, the 
carbonic compounds present in the organic pollutants are utilized by the plants for 
growth and metabolic activities (Tangahu et  al., 2011; Al-Baldawi et  al., 2015; 
Geoffroy et al., 2004). Typhonium flagelliforme significantly removed dye from the 
solution prepared by distilled water within 4 days duration (Kagalkar et al., 2010). 
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In another investigation, Rai et al. (2014) analyzed the dye decolorization capability 
of Aloe barbadensis plant extracts and decolorized 27.33% of Congo red dye. 
Kamat (2014) reported the dye decolorizing potential of two terrestrial plants such 
as Arabidopsis thaliana and Helianthus annuus.

Sureshvarr et al. (2010) reported the azo dye degradation potential of Eucalyptus 
plant using GCMS analysis carried out for treated and untreated azo dye–contami-
nated soil samples. Tetradecanoic acid is a type of carboxylic acid, which has anti-
oxidant property effectively involved in the degradation of organic pollutants from 
the dyeing effluent (Bodoprost & Rosemeyer, 2007). Chandanshive et  al. (2018) 
treated the dye containing textile wastewater using various plants like Gaillardia 
grandiflora, Tagetes patula, Portulaca grandiflora, and Aster amellus through con-
structed wetland system. The outcome revealed the dye accumulation capability of 
the ornamental plants and improved the effluent contaminated soil quality. 
Microscopic analysis showed the accumulation of dye molecules on the plant cells. 
And also, the enzymatic characterization of plant tissues revealed the contribution 
of laccases, peroxidases, and thyrosinases enzyme in the dye decolorization as well 
as degradation of organic contaminants from the contaminated soil.

Phytoremediation approach is gaining several advantages over conventional 
treatment techniques such as eco-friendly, less expensive, require solar energy, no 
need for the requirement of high cost machines as well as technical experts, and 
efficient to degrade both organic and inorganic pollutants. Alternatively, this method 
has some limitations including its time-consuming nature, rooted to harmful effects 
in plants due to the formation of noxious intermediate by-products during the deg-
radation, and lack of proper understanding on the phytoremediation mechanism 
occur in the plants (Muthusamy et al., 2018). This method can be used with the 
combination of other physical methods for efficient removal of organic contami-
nants from the textile industry wastewater. Few plants used for the degradation of 
organic pollutants and treatment of textile effluent are given in Table 6.

7.4  �Bioremediation of Organic Pollutants

Bioremediation is a biological technique widely adapted for the treatment of vari-
ous industrial effluents. It refers to the remediation of wastewater or contaminated 
soil using microorganisms such as bacteria, yeasts, fungi, microalgae, and biocata-
lysts. This method is an ecologically benign, low cost, and easier approach for the 
decolorization and degradation of toxic organic dyes as well as contaminants from 
dye-related wastewater. Common effluent treatment plants of textile industries typi-
cally carried out aerobic and anaerobic treatment using microbial inoculants 
(Saratale et  al., 2011; Vikranta et  al., 2018; Patil et  al., 2020). Diverse types of 
microbial strains are capable to absorbing, degrading, or neutralizing organic con-
taminants by the activation of various enzymes like phenoloxidases, reductases, 
peroxidases, and monooxygenases are synthesized due to the stress caused by the 
toxic compounds (Vikranta et al., 2018; Kalme et al., 2007). The dye decolorization 
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mechanism mainly occurs through breaking the bonds such as hydroxyl group, car-
boxylic acid, amino group found in the chromophore region of dye molecules 
(Ghosh et  al., 2017). Many researchers reported the bioremediation potential of 
various bacterial strains such as Bacillus sp., Pseudomonas sp., Micrococcus, 
Acinetobacter, Aeromonas, Neisseria sp., and Rhodococcus (Pandey et al., 2019). 
Buthelezi et al. (2012) demonstrated the treatment efficiency of indigenous bacte-
rial strains isolated from activated sludge have been effectively decolorized whale 
blue, mediblue, and mixed dyes. The decolorization highly influenced by the char-
acteristics of dye, temperature, pH, and concentration of bio-flocculants.

Sethi et al. (2012) isolated indigenous bacterial strains such as Klebsiella sp., 
Pseudomonas sp., and Proteus sp. from textile dyeing wastewater and Klebsiella 
sp., Shiegella sp., and Marganella sp. from textile industry sludge waste and utilized 
the same for decolorization process under optimized pH, temperature, carbon, and 
nitrogen sources to enhance the dye decolorization. The effluent isolates reduced 
80% of color, and sludge isolates reduced 40% of color. Bafana et al. (2008) sepa-
rated azoreductase enzyme with 60 kDa of molecular weight through electropho-
retic method, which responsible for the decolorization of azo Direct red 2 and 
converted into benzidine and 4-aminobiphenyl. In another evaluation, Pseudomonas 
putida, Lysinibacillus fusiformis, Comamonas testosteroni, Aeromonas hydrophila, 
P. plecoglossicida, and P. monteilii were isolated from the soil sample collected near 
dyeing industrial area and used for the decolorization of acid orange, methyl orange, 
methylene blue, malachite green, and rhodamine B dyes. P. putida removed 91% of 
malachite green after 5 days and decolorized 85% of acid orange and 69% of meth-
ylene blue after 7 days of incubation. Comamonas testosteroni removed 85% of 

Table 6  Examples of plants used in textile dye and effluent remediation

Plants Organic pollutants References

B. malcolmii Malachite green, red HE4B, methyl orange, and 
reactive red 5B

Kagalkar et al. 
(2009)

Eichhornia crassipes Reactive and acid dyes Vasanthy et al. 
(2011)

Ipomoea hederifolia Textile wastewater Rane et al. (2014)
Lemna minor Triphenylmethane dyes Torok et al. (2015)
Alternanthera 
philoxeroides

Remazol red dye Rane et al. (2015)

Azolla pinnata TDS, COD, nitrate, sulphide from textile 
wastewater

Ugya et al. (2017)

Lemna minor L Basic red 46 Yaseen and Scholz 
(2018)

Azolla pinnata Methylene blue Al-Baldawi et al. 
(2018)

Asparagus densiflorus Textile wastewater Watharkar et al. 
(2018)

Leman minor Methylene blue Imron et al. (2019)
Hydrilla verticillata Phenol Chang et al. (2019)
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methyl orange, and P. monteilii removed 56% of Rhodamine B dye after 3 days of 
incubation period (Fulekar et al., 2013). Similarly, Telke et al. (2009) potentially 
decolorized 100 mg/L of Congo red from aqueous solution and removed 50% of 
COD from dyeing wastewater within 12 hours optimum pH (8) and temperature 
(40 °C) using Pseudomonas sp. isolated from textile effluent.

Likewise, Kalyani et al. (2008) also isolated Pseudomonas sp. SUK1 from efflu-
ent and successfully degraded 99.28% of Red BLI under aerobic condition with 
controlled pH (6.5–7.0) and temperature (30 °C). The significant role of aminopy-
rine N-demethylase and NADH-DCIP reductase enzyme contributed in the degra-
dation process was determined by UV, FTIR, and TLC techniques. Mahmood et al. 
(2012) screened green and red dye decolorization efficiency of six indigenous bac-
terial cultures such as Bacillus cereus, Bacillus mycoides, Bacillus subtilus, 
Micrococcus sp., Bacillus sp., and Pseudomonas sp. The bacterial consortium 
BMP1/SDSC-01 removed 84% of green as well as red dye and 85% reduction 
observed in yellow and black dye solution. In the same way, Desai (2017) studied 
the decolorizing capacity of native bacterial isolates such as Klebsiella sp. and 
Staphylococcus strains by culturing in the media enriched with Direct Red 2B dye 
and the strains reduced 98.83% and 98.83% of dye, respectively, under specific 
concentration of carbon and nitrogen sources with optimized pH and temperature. 
Some of the microbial strains used for the degradation of organic dyes from textile 
dyeing effluent are summarized in Table 7.

7.5  �Nanoremediation of Organic Pollutants

Nanotechnology is one of the most fascinating fields of science which deals with the 
synthesis of nanoscale material size ranging from 1 to 100 nm. These nanomaterials 
are having vast applications in medicine (drug delivery), environmental cleanup, 

Table 7  Microorganisms used for the remediation of organic pollutants

Microorganisms Organic pollutants References

Providencia sp.
Pseudomonas 
aeruginosa

Red HE3B dye Phugare et al. (2011)

Candida krusei Basic Violet 3 dye Deivasigamani and 
Das (2011)

Aspergillus niger Remazol Brilliant Blue R and Acid Red 299 Benghazi et al. (2014)
Bacillus cereus Acid Red (AR) 151, Orange (Or) II, Sulfur Black 

(Sb) andDrimarene Blue (Db) K2RL
Bayoumi et al. (2014)

White-rot fungus
Coriolopsis sp.

Triphenylmethane dyes: Crystal Violet, Methyl 
Violet, Cotton Blue, and Malachite Green

Chen and Ting (2015)

Bacillus circulans Methyl orange
Bacillus 
pseudomycoides

Acid Black 24 Kumara et al. (2019)
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textile, electronics, biosensors, optics pace industries, etc. (Christian et al., 2008; 
Saif et al., 2016). Moreover, the application of metal and metal oxide nanoparticles 
in the degradation of organic/inorganic contaminants are gaining crucial part 
because of their unique properties in terms of larger volume of surface area, reus-
ability, stability, recyclability, and less/non-toxic and facile synthesizing approach 
(Gautam et al., 2019; Beshkar et al., 2017).

Generally, nanoparticles are synthesized by two strategies such as such as “top-
down” and “bottom-up” approaches. The nanoparticles produced from the larger 
materials by reducing its size is referred as top-down, while in bottom-up, assem-
bling of smaller molecules to hefty structure takes place (Rotello, 2004) (Fig. 7). 
Synthesis of nanoparticles is carried out by various physical and chemical methods 
such as co-precipitation, micro emulsion, flame synthesis, laser ablation, and chem-
ical vapor condensation. Most of these methods are having demerits such as higher 
cost, noxious and are corrosive in nature, explosive properties of precursors, require 
high temperature, and need of surfactants (Hamed, 2005; Ghaedi et al., 2006; Huang 
et al., 2008; Mamania et al., 2013; Ghorbani et al., 2017). Due to these limitations, 
the environmentally benign, facile, and reliable biological materials such as plant, 
bacteria, fungi, algae, and yeast are applied as precursors and reducing agents to 
synthesis of nanoparticles (Mandal et al., 2006; Jebali et al., 2011).

The green or biogenic route of nanoparticle fabrication can be aided by various 
bioactive compounds present in plant and microbial extracts in terms of enzymes, 
polyphenol, amino acids, vitamins, polysaccharide, and terphenoids which act as 
stabilizing as well as capping agents through bioreduction or bio-precipitation 
mechanism (Park et  al., 2011). Green nanomaterials facilitate solutions to 

Fig. 7  Methods of metal and metal oxide nanoparticle synthesis
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technological and environmental challenges in the field of solar energy conversion, 
catalysis, medicine, and drinking water and wastewater treatment. Various types of 
metal nanoparticles like silver, gold, iron, zinc oxide, copper, selenium, tin oxide, 
and titanium oxide are widely synthesized using plant and microbial biocomponents 
as reducing agent which are having the potential to degrade organic pollutants from 
the contaminated site and convert into non-toxic compounds through oxidation or 
reduction mechanism. Furthermore, biogenic nanoparticles are effective in varied 
temperature as well as pH and recyclable without the loss of notable reduction on 
catalytic property. These nanomaterials are used as an efficient nano-adsorbents or 
nanocatalyst for clean-up purposes (Gautam et al., 2019).

Among metallic nanomaterials, silver nanoparticle is an important one that has 
been extensively studied by many researchers because of its unique potential as 
antibacterial activity. Diverse types of plant and microbial extract-based reducing 
agents are used for the synthesis of biogenic silver nanoparticles and are actively 
participating in the degradation of toxic organic contaminants. AgNP synthesized 
using C. pyrenoidosa extract acts as a nanocatalyst and efficiently degraded methy-
lene blue dye from aqueous solution (Aziz et al., 2015). Khan et al. (2016) produced 
C. japonicum plant extract–mediated AgNP and applied for the removal of organic 
dye bromophenyl blue. Similarly, Duran et al. (2007) revealed the textile treatment 
capability of silver nanoparticles synthesized using extract obtained from the fungi 
F. oxysporum. Bhakya et al. (2015) exposed organic dye degradation potential of 
silver nanoparticles synthesized with the extract obtained from leaf, bark, and root 
extracts of Helicteres isora plant by means of catalytic activity. Interestingly, the 
dye degradation process by silver nanoparticles occurred through the adsorption 
toward the surface of contaminants due to the higher surface volume ratio of 
nanoparticles and enhancement of catalytic property by the exposure of UV/visible 
light or sunlight (Ansari et al., 2013).

Gold is a well-known precious metal chiefly used for ornamental purposes. 
Unlike bulk gold material, gold nanoparticle is tremendously recognized as a com-
petent nanocatalyst because of its unique optical absorption property in the presence 
of UV as well as visible light. The photocatalytic property of gold nanoparticles can 
be proficiently utilized for the elimination of noxious organic compounds (Laoufi 
et al., 2011). As a green route, the leaf extract of Lagersteroemia speciosa rapidly 
reduced precursor gold ions to 41-91 nm nanosized gold nanoparticles, and it hast-
ily decolorized several organic dyes namely Bromophenol blue, bromocresol, meth-
ylene blue, and methyl orange via photocatalytic reaction (Choudhary et al., 2016). 
In another analysis, fungal (C. oxysporum extract) mediated gold nanoparticle eas-
ily decolorized the toxic dye Rhodamine B within 7 minutes of reaction time 
(Bhargava et al., 2016). Basically, biogenic gold nanoparticles detoxify or degrade 
the azo dyes by cleaving the azo bond present in the dye molecules and convert 
lethal nitroaromatic compounds to non-toxic carboxylic acid by oxidation process 
(Sharma & Deswal, 2018).

Zinc oxide is an effective superconducting metal, and it is broadly noted for opti-
cal, electrical, and photocatalytic properties. Golmohammadi et al. (2019) proved 
the photocatalytic activity of zinc oxide nanoparticles fabricated using the extract of 
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jujube fruit by degrading organic dyes including methylene blue and Eriochrome 
black-T from model wastewater. Lemon juice promptly reduced the precursor 
chemical zinc acetate to zinc oxide nanoparticles through reduction process, and it 
successfully decolorized certain organic dyes like reactive blue 21, methylene blue, 
methyl red, and orange via photocatalytic activity (Davar et al., 2015).

Iron is considered as a versatile metal widely used for various applications. Iron 
nanoparticles are gaining more attention from researchers than bulk iron material 
because of its distinctive features specifically magnetic property, higher surface vol-
ume, less toxicity, low cost, and facile preparation methods (McHenry & Laughlin, 
2000; Chin et al., 2011). Iron oxide magnetic nanoparticles include zero-valent iron, 
magnetite, and maghemite nanoparticles which are extensively used for water and 
wastewater treatment. The unique properties such as their small particle size, large 
surface area to volume ratio, magnetism, rapid kinetics, and high reactivity with the 
pollutants aid efficient purging of contaminants from the water and wastewater. The 
magnetic property of the iron nanoparticles easily removes the minute contaminants 
than the well-defined membrane filtration system. The recovery of magnetic iron 
nanoparticles can be carried out by low-gradient magnetic field or hand-held mag-
net (Hu et al., 2007; Yantasee et al., 2007; Shen et al., 2009).

Huang et al. (2014) developed 40–50 nm nanosized iron nanoparticles assisted 
with oolong tea extract as an eco-friendly reducing agent and revealed its decolor-
izing efficiency by removing 75.5% of malachite green dye from aqueous solution 
through adsorption mechanism. Bishnoi et al. (2018) degraded methylene blue dye 
through photocatalytic activity of magnetic iron nanoparticles prepared using fruit 
extract of Cynometra ramiflora plant. In another analysis, iron oxide nanoparticles 
removed 99.09% of dye from the effluent through adsorption mechanism (Arifin 
et al., 2017). Cheera et al. (2018) effectively decolorized Congo red dye with the aid 
of green-synthesized iron nanoparticles using Acacia nelotica plant extract. The 
utilization of biological-based reducing agents facilitates to evade the usage of toxic 
chemicals and paved toward the preparation of eco-friendly nanoparticles and assist 
in multipurpose applications including effective removal of organic pollutants from 
the textile dyeing effluent. Green-synthesized metal nanoparticles used for the 
removal of organic pollutants are given in Table 8.

8  �Conclusion

Textile industries are vitally significant areas which produce more beautiful colored 
products as well as most dangerous creator of environmental pollution that lead to 
the deterioration of natural resources. In the current scenario, dyeing industries need 
to conserve huge volume of water by recycling and reusing remediated water. These 
dyeing effluents are characterized with higher concentration of harmful organic pol-
lutants that cause lethal effect in flora and fauna of the ecosystem. To eradicate these 
organic contaminants, industries need less-expensive and eco-friendly treatment 
approaches. In this overview, promising biological techniques in terms of 

An Overview on Eco-friendly Remediation of Toxic Organic Contaminants from Textile…



446

adsorption, coagulation using natural coagulants, microbial remediation, plant-
based remediation, and green-synthesized nanomaterials employed for the treat-
ment of textile effluent were elaborately discussed. However, these biological 
approaches are having certain limitations that need to be conquered for the profi-
cient reduction of organic pollutants from the contaminated environment.
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