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Abstract: Dyes are colored compounds widely used in textile industries as one of the major components in the textile 

processing unit. Wastewater generated from textile consists of a large number of dyes; as waste, they pose threat to the 

surrounding environment. Traditional methods used for the removal of dyes are less effective and need more input in terms 

of financial aid. However, the chemical method used for removal leads to generating another type of waste. An alternative 

to the above approach is to promote cost-effective and environmentally acceptable solutions for decolorizing and degrading 

synthetic dyes using microorganisms. This review focuses on alternative and effective way microorganism can be used for 

the decolorization and degradation of textile dyes. 

 

Index Terms— dye, bioremediation, decolorization, degradation, microorganisms 

 

I. INTRODUCTION 

William Henry Perkin discovered the world's first commercially effective synthetic dye by accident in 1856. When applied 

to fabrics, these dyes provide a permanent color that is resistant to fading from sweat, light, water, and a variety of substances, 

including oxidants and microbial attacks [1]. The azo group, -N=N-, is found in a greater number of compounds. than any 

other chromophore in terms of commercially accessible dyes. Both have numerous applications. For the dyes themselves, 

there is a dyestuffs industry and a dyestuffs laboratory and for the chemicals that react with the intermediates, azo dyes or 

pigments are created by combining azo dyes or pigments [2]. Synthetic dyes, particularly azo dyestuff, have been 

manufactured and widely utilized in the paper, textile, and coating industries, resulting in significant environmental damage, 

particularly in poor nations [3]. All colors do not bind to the fabric; dye loss in wastewater can range from 2% for basic dyes 

to 50% for reactive dyes, resulting in serious contamination of surface and ground waters around dyeing facilities [4,5].  some 

of the dye degradation bacteria Aeromonas hydrophila [6], Enterobacter spp, Yersinia spp, Serratia spp [7], and Proteus 

Vulgaris [8]. Yeasts candida krusei [9], Trichosporon beigelii [10], Algae Chinococcusus mintus, Gleoocapsa [11], fungi 

funalia trogi [12], Aspergills flavus [13], Lentinupolycarpousus [14], In the textile industry, azo dyes based on benzidine are 

frequently employed [15]. A vast number of papers have been published on the dye degradation of aromatic amines, including 

papers on amine biodegradation by activated sludge systems [16,17,18]. 

II. DYEST 

Dyes are colored substances, either natural or manufactured, that give cloth, leather, or wood a lasting hue. Dyes' structural 

intricacy allows them to resist harsh circumstances and remain 'attached' to the materials on which they are applied. On the 

walls of the Altamira caves in Spain, mankind's dyeing history dates back to 15000-9000 BC. Soot, hematite, ochre, and 

manganese oxide were employed as inorganic pigments in those drawings [19]. At the concentrations used in receiving 

water, many colors and pigments are harmful and toxic to human and aquatic life. The high concentration of colors is known 

to induce skin and mucous membrane ulcers, dermatitis, perforation of the nasal septum, severe respiratory tract irritation, 

vomiting, discomfort, hemorrhage, and strong diarrhea when consumed [20]. 

III.  CLASSIFICATION OF DYES 

Acid dyes, direct dyes, azo dyes, disperse dyes, sulfur dyes, fiber reactive dyes, basic dyes, oxidation dyes, mordant dyes, 

developed dyes, vat dyes, pigments, fluorescence or optical brighteners, and solvent dyes are divided into many groups based 

on their structure [21]. Each dye molecule is made up of three parts: 1) Chromophores, which are dye functional groups, 2) 

auxochromes, which provide color, and 3) matrix, which is made up of the remaining atoms in the dye molecule. 

Table: Dyes name and their examples [22]. 

Dyes name Examples 

Azo dye Acid red, direct black 22 

Anthraquinone Dyes Disperse red 60, Reactive Blue 19 

Indigoid Dyes Indigo, Tyrian purple 

Phthalocyanine Dyes Direct blue 86, Reactive Blue 21 

Sulfur Dyes Disperse Yellow 1, Acid yellow 24 

Nitro and Nitroso Dyes Martins yellow, palatine orange 
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Reactive Dyes Reactive red 120, reactive red 5 

Disperse Dyes Disperse Orange 1 

Acid Dyes Azine, indigoid 

Basic Dyes Methylene blue, toluidine blue 

vat dyes Alizarin yellow 

IV. DYE AS WASTE FROM TEXTILE INDUSTRIES 

The processing procedure performed during the conversion of fiber to textile fabric determines the textile industry's 

wastewater consumption and generation [23]. Due to a large amount of water used in the dying process, the textile industry is 

one of the largest generators of liquid influent pollutants. Furthermore, the processing stage and type of synthetic dyes used 

during this conversion determine variable wastewater characteristics in terms of pH, dissolved oxygen, and organic and 

inorganic chemical content [24]. Every year, 2,80,000t of textile dye is estimated to be discharged in such industrial effluents 

around the world [25]. 

Because it uses thousands of chemicals and a large amount of water, the textile industry has been one of the most significant 

pollutants of surface and groundwater resources. According to several sources, an average-sized textile business uses roughly 

1.6 million liters of water per day to produce 8000 kg of fabric [26]. This textile effluent, which is easily soluble in water, 

has had a severe impact on the fragile ecosystem surrounding it, posing serious environmental issues [27]. Because of its 

dark tint, textile effluent often filters sunlight, limiting the existence of aquatic species [28]. Some of the industries that 

release highly colored wastewater include paper and pulp mills, textile and dyeing mills, distilleries, and tanneries [29]. The 

usage of untreated dying effluents in agriculture has a negative influence on the environment and human health [30]. effluent 

from the textile sector containing dyes is brightly colored and is present for easily distinguishable purposes [31]. 

V. EFFECT OF DYES AS POLLUTANTS IN CONCERN WITH ENVIRONMENT 

Concerns about the toxicity and carcinogenicity of textile dyes have piqued researchers' interest in their contamination 

potential. This is because many colors contain known carcinogens like benzidine and other aromatic chemicals, all of which 

could be recreated by microbial metabolism [32]. The fundamental challenge in examining wide classes of dyes to uncover 

common traits has been a paucity of data on their qualities. The above-mentioned classifications of acid, direct, dispersant 

and other chemicals are based on their dyeing mode or primary structural moieties, both of which are insufficient for 

environmental assessment. Although dyes make up a small percentage of overall waste discharged in the textile industry, 

they are difficult to remove using traditional microbial waste-treatment methods [33]. Due to their fused aromatic structures, 

anthraquinone-based dyes are the most resistant to degradation and remain colored for lengthy periods. Basic dyes have high 

brilliance and hence a higher color intensity, making them more difficult to decolorize, but metal-based complex dyes, such 

as chromium-based dyes, can cause chromium to be released into water supplies, which is carcinogenic. Some dispersed 

dyes have also been proven to collect in the body [34,35]. 

      VI. CONVENTIONAL TREATMENT METHODS FOR DYE DEGRADATION 

PHYSICO-CHEMICAL METHOD: 

the main drawbacks of physicochemical approaches have been their high cost, low efficiency, limited adaptability, 

interference from other wastewater constituents, and the trash generated [36,37]. Traditional physical and chemical dye 

removal methods have been proved to be either costly, such as activated carbon and membrane filtration (both of which are 

incapable of treating large volumes), or produce a concentrated sludge, such as Fenton’s Reagent [38].  Although activated 

carbon is the most extensively used physical approach for color removal due to its high efficiency, it has a high running 

cost. expenses (regeneration is required after sorption) and so there is a need for a sorbent that is similarly effective but less 

expensive [39,40]. Adsorption, ion exchange, the oxidation process, and irradiation are some of the most regularly utilized 

physical approaches for treating wastewater that has yielded positive results [41]. 

Adsorption: 

Adsorption techniques have been used in the past to physically remove colors from elements. activated carbon, peat, and 

coal are among the materials utilized as adsorbents. Adsorption is one of the best ways to get rid of textile dyes that are also 

cost-effective. Many different inorganic and organic supports have been tested to see how well they absorb dyes and how well 

they can get rid of dyes [42]. Different ion-exchange resins made from sugarcane bagasse, waste paper, polyamide wastes, 

and chitin have been used as adsorbents to remove color and other organics [43]. For adsorption of different kinds of dyes, 

carbon-based inorganic supports and other materials have been used as inorganic supports. The molecular size and solubility 

of the dyes are the most important factors that affect how they stick to certain support, such as activated carbon [44]. 

Coagulation flocculation: 

Coagulation has also been utilized extensively in the removal of color from textile wastewaters. Coagulation arises from the 

decrease in zeta potential at the particle's surface and their association to create flocculated agglomerates [45]. Water-

insoluble sulfur and dispersion dyes were successfully color removed using coagulation-flocculation methods, but water-

soluble dye classes such as acid, direct, and reactive dyes had relatively limited coagulation-flocculation capacity [46]. The 

charge on the system to be flocculated is the moscriticalnt factor in how the flocculant behaves. This has been proven by 

removing dye from solution and sludge with polyelectrolytes and polyelectrolyte-surfactant complexes [47]. 

Ion Exchange: 

Different ion-exchange resins made from sugarcane bagasse, waste paper, polyamide wastes, and chitin have been used as 

adsorbents to remove color and other organics [43]. When treated with ion-exchange resins, anionic (such as acid, mordant, 
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reactive, direct, and metal complexes) and cationic (basic) dyes should form complexes in the form of large flocs that can 

be separated by filtration. However, because dyes are hydrophobic, these ion-exchange resins don't work well for dispersing 

them [48]. Some other problems with ion-exchange resins are that they are more expensive to recharge and make a lot of 

sludge. 

Membrane Technology: 

For water reuse and chemical recovery, filtering methods such as ultrafiltration, nanofiltration, and reverse osmosis have been 

used. Membranes are widely used in the textile industry. has intriguing prospects for separating hydrolyzed proteins dyestuffs 

and dyeing auxiliaries that lower the amount of dye used at the same time They've also been discovered in the color, BOD, 

and COD of wastewater. It can be used for mercerizing and bleaching. With this strategy, the type and porosity of the filter 

are determined by the application. The waste-water chemical content and the specific processors needed temperature [49]. 

Some of these techniques are successful in removing color from wastewater, independent of the type of coloring agent used. 

It has been written a lot about how membrane filtration can be used to separate water-soluble dyes from textile effluent. The 

biggest problems with this method are that it costs a lot to set up, uses a lot of energy, and doesn't last very long. The 

membranes tend to get clogged, so they need to be replaced often [44]. 

Advanced Oxidation Processes: 

With the development of advanced oxidation processes (AOP), the low efficiency of conventional chemical oxidation 

techniques for removing color and COD has been solved. the wastewater's chemical content and the specific preprocess are 

needed temperatures [49]. Chemical oxidation procedures allow dye molecules to be destroyed or decomposed, and they use 

a variety of oxidizing agents such as ozone (O3) and hydrogen peroxide (H2O2) as well as permanganate (MnO4). Changes to 

the chemical makeup The transformation of a chemical or a collection of compounds occurs in the Because of the presence 

of these oxidizing agents, the dye molecules are oxidized. become vulnerable e to the deterioration [50]. In the AOP, 

oxidizing agents like ozone and hydrogen peroxide can be used with or without inorganic catalysts (Fe(II), Mn(II), and TiO2) 

and with or without an irradiation source. In theory, commercial dyes are made so that they don't fade when exposed to light. 

This is in line with the high standards for lightfastness dyeing [51]. 

     VII. INNOVATIVE METHOD USING MICROORGANISMS 

Biological method: 

Biological approaches, such as bioremediation, are a green solution for removing dye from textile effluent with minimal cost 

and operating time [52]. Biological approaches are widely regarded as environmentally friendly since they might result in 

the complete mineralization of organic contaminants at a minimal cost [26]. The application of biologically based 

technologies for the degradation of textile industry effluent has proved successful. When compared to other approaches, 

biological degradation (i.e., bioremediation) is cost-effective, environmentally benign, and produces less sludge. Because 

of the breakage of the link (i.e., chromophoric group), synthetic dyes degrade into a considerably less hazardous inorganic 

product, which aids in color removal [53]. Bioremediation, or the use of microbial therapies to cope with pollution, is an 

important research subject in the environmental sciences. Microbes adapt to hazardous wastes in this way, resulting in the 

emergence of new resistant strains capable of transforming a wide range of dangerous substances into less harmful forms. 

In the microbial system, biotransformation enzymes are responsible for the biodegradation of refractory compounds [54]. 

Because azo dyes are xenobiotic and biodegradable, adopting a microbial or enzymatic treatment to decolorize and degrade 

them from textile effluent has various advantages: (1) being environmentally friendly, (2) being cost-competitive, (3) 

producing less sludge, (4) resulting in non-toxic or fully mineralized final products; and (5) requiring less water consumption 

compared to physicochemical methods [24,1]. One of the fascinating biological elements of effluent treatment is the 

separation of potent species and, as a result, their deterioration. Furthermore, under specific climatic conditions, they are 

capable of entirely mineralizing several azo colors [55]. 

Effectiveness of biological treatment: 

The efficacy of biological treatment of a combination of the company's principal wastewater streams was also investigated. 

Under aerobic circumstances at pH values between 5.5 and 8.0, the microorganisms produced in the trickling filter were able 

to efficiently remove COD levels up to 36,000 mg/L. Depending on the system's working parameters, air stripping generated 

by the air supply at the bottom of the filter accounted for 30–60% of total COD removal, while the balance was eliminated 

through biological action. The proposed biological treatment procedure, which uses a trickling filter that may be operated 

continuously or even better in an SBR mode, appears to be a promising pretreatment method [56]. 

      IX.  DEGRADATION OF TEXTILES DYES USING BACTERIAL SPECIES 

In aerobic or anaerobic settings, a variety of bacterial strains are used to break down colors [57]. Bacterial decolorization is 

typically faster than fungal decolorization [58]. According to the concept of combined anaerobic-aerobic treatment, By the 

end of the water phase, azo dyes should be removed. Aromatic amines in the dyes are broken down (anaerobically) and then 

oxidized (aerobically). This treatment shows promise as a way to get rid of all azo dyes in wastewater [36]. Bacteria break 

down azo colors reductively to colorless aromatic amines under anaerobic circumstances, as is well known. An azo dye's 

carcinogenicity could be owing to the dye or aryl amine derivatives formed during the reductive biotransformation of an azo 

bond [59]. some of the bacteria Aeromonas hydrophila [60], Citrobacter spp [61], Enterococcus gallinarum [62], Kocuria 

rosea [63], Proteus Vulgaris [8], Enterobacter spp, Yersinia spp, Serratia spp [7], The azo reductase activity of the genetically 

modified E. coli strain is higher [64]. Under anaerobic conditions, the majority of azo compounds appear to decolorize, albeit the 

pace of decolorization is dependent on the added organic carbon source as well as the dye structure [65,66]. Several bacterial strains 

that can decolorize azo dyes aerobically have been discovered in recent years. Because dye cannot be used as a growth substrate, 

many of these strains require organic carbon sources. 

 

http://www.ijrti.org/


 

 © 2022 IJRTI | Volume 7, Issue 6 | ISSN: 2456-3315 

IJRTI2206270 International Journal for Research Trends and Innovation (www.ijrti.org) 1819 
 

X. RECENT ADVANCES AND FUTURE DIRECTION FOR BIOREMEDIATION FOR DYES FROM 

INDUSTRIES 

Dyes have a long shelf life in natural surroundings because they were designed to be chemically and photolytically [67,68]. 

Biological agents, such as microbes, offer significant benefits over traditional approaches. The methods are relatively low-cost and 

low-maintenance. Furthermore, this process ensures that all organic contaminants are completely mineralized [69]. Dye 

decolorization by microorganisms can occur through adsorption of dye molecules on microbial biomass or dye breakdown by 

bacteria [70]. Biological dye decolorization procedures, as opposed to physicochemical approaches, are more cost-effective, 

efficient, environmentally benign, and adaptable [71]. Their discharge into the environment poses a danger of ecotoxicity and has 

the potential to disrupt the food chain. Acid, reactive, dispersion, and basic colors are water-soluble and have a lower 

bioaccumulation rate [72]. 

Recent developments in enzyme immobilization utilizing various biological agents or nanoparticles have demonstrated improved 

degrading efficiency, stability, and reusability. Co-generation of hazardous intermediates, on the other hand, is an issue of 

enzymatic degradation processes that have to be thoroughly investigated. For dye decolorization applications, our understanding 

of contemporary OMICS and systems biology, in-silico molecular modeling, and docking research have a lot of promise. In the 

future, such in-silico research will aid in the development of tailored treatment strategies for resistant contaminants.  

XI. CONCLUSION 

Several physicochemical approaches, such as adsorption, chemical treatment, and ion pair extractions, have been 

implemented over the last two decades and have shown to be costly and ineffective. Biological treatment methods are 

relatively inexpensive, and when combined with thorough analysis and environmental control, they are regarded as the best 

option. Textile wastewater and sludge from effluent treatment plants include a large population of dye- decolorizing 

microorganisms. The current research backs up that theory. These native bacterial strains could be used to decolorize and 

degrade dye in wastewater. against a variety of reactive dyes that are routinely used Textile industries use this term. The 

biodegradation of various colors produces a large number of possible effluents. 
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