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Abstract: Dyes waste represent one of the problematic groups of pollutants because their 

presence can be easily identified by the human eye and they are not easily biodegradable. 

This literature review paper highlights and provides an overview of dyes waste treatments 

for 3 years period, from 2008–2010. The noteworthy treatment processes for dyes waste 

include biological treatment, catalytic oxidation, filtration, sorption process and 

combination treatments. 
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1. Biological 

The co-removal of chromate Cr(VI) and azo dye Acid Orange 7 (AO7) using Brevibacterium casei 

under nutrient-limiting condition was studied [1]. AO7 was used as an electron donor by the reduction 

enzyme of Brevibacterium casei for the reduction of Cr(VI). The reduced chromate, Cr(III) complexed 

with the oxidized AO7 form a purple intermediate. By using response surface methodology, the 
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optimal conditions for chromate reduction and dye decolorization were found to be 0.24 g/L glucose, 

3.0 g/L (NH4)2SO4 and 0.2 g/L peptone at pH 7 and 35 °C. Ghasemi and colleagues (2010) studied the 

decolorization of different azo dyes by Phanerochaete chrysosporium RP 78 under optimized 

conditions [2]. Experimental results showed that the decolorization of azo dyes was an enzymatic 

degradation and 100% decolorization was achieved after 24 hours of reaction.  

The possibility to decolorize Direct Red-80 and Mordant Blue-9 individually and in a mixture using 

immobilized Phanerochaete chrysosporium in a batch-operated rotating biological contactor (RBC) 

reactor was performed [3]. Experimental results showed that the decolorization efficiencies were in the 

range of 94–100% and 77–97% for individual and mixture of dyes, respectively. A fungal isolate 

Aspergillus terreus SA3 from the wastewater of textile industry was utilized for the removal of dye 

Sulfur Black in stirred tank bioreactor [4]. The color removal efficiency in the stirred tank reactor 

system was 84.53% with 50 mg/L initial dye concentration.  

Meanwhile, the potentialities of Lemna minor (L.) on the treatment of reactive dyes polluted 

wastewater was attempted [5]. Results showed that 59.6% maximum dye removal was found in 

samples containing 2.5 mg/L initial Brilliant Blue and 1 mg/L of triacontanol. Karacakaya and 

colleagues (2009) investigated the removal capabilities of Synechocystis sp. and Phormidium sp. for 

reactive dyes such as Reactive Red, Remazol Blue and Reactive Black B [6]. From the results, it 

showed that the removal efficiencies of these cyanobacteria were higher in media containing 

triacontanol hormone.  

In the biosorption study of acid dyes by brown alga, the reaction was found to be spontaneous and 

exothermic for both Acid Blue 324 (AB 324) and Acid Red (AR 337) [7]. The equilibrium data fitted 

well to both Langmuir and Freundlich isotherms with maximum adsorption capacity 224 mg/g and  

323 mg/g for AB 324 and AR 337, respectively. The capability of narrow-leaved cattails, a species of 

wetland plant to remove synthetic reactive dye wastewater was attempted and the experimental results 

suggested that the decolorization of reactive dye wastewater by this plant was as effective as 60% [8]. 

In the same year, a study on dye degradation by Aspergillus niger was conducted [9]. Experimental 

results revealed that a complete color removal of Turquoise Blue and Red ME4 BL was achieved. The 

effect of introducing poly(amic acid) onto the surface of Corynebacterium glutamicum showed that 

with the increase density of carboxyl groups on the surface of biomass, the uptake of Basic Blue was 

greatly affected due to the greater electrostatic attraction forces that occurred [10].  

Results from a study on isolation of bacteria indicated that 6 isolates showed maximum percent 

decolorization of four commonly used textile dyes—Red HE8B, Orange TCL, Green B and Black  

BT [11]. Different carbon and nitrogen sources, pH, and temperature also affected the decolorization 

efficiency. Enterococcus gallinarum strain was isolated from effluent treatment plant of a textile 

industry and was used for the decolorization of Direct Black 38 (DB 38) [12]. Kinetic study of DB38 

decolorization was found to be higher in Luria Broth (12.8 mg/L h and 490.6 mg/L) than in minimal 

medium (4.09 mg/L h and 161.84 mg/L). At the same time, the decolorization ability of acclimatized 

textile sludge was performed [13]. In this study, a continuous culture experiment showed that the 

acclimatized sludge could decolorize 76% of 100 mg/L of DB 38. 

Treatment of colored effluents with lignin-degrading enzymes was carried out [14]. This study 

reported that terrestrial white-rot basidiomycetous fungi and their lignin-degrading enzymes laccase, 

manganese-peroxidase and lignin peroxidases were efficient in the treatment of coloured effluent. 
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Meanwhile, sulfate-reducing bacteria (SRB) that grew on modified Postgate C medium (PC) 

containing chromium (VI) were isolated from industrial wastewater for the treatment of Remazol Blue, 

Reactive Black B, and Reactive Red RB [15]. Results revealed that 25 to 30% of initial dye 

concentration was removed from the medium at the end of 72-h incubation period.  

The salinity effects in the decolorization of azo dye by Shewanella sp. were tested and the results 

showed that under static and low oxygen conditions, salt concentration of 60 g NaCl/L, the bacterium 

decolorized 100 mg dye/L [16]. The addition of glucose or NH4NO3 would inhibited the decolorization 

process, whereas yeast extract and Ca(H2PO4)2·H2O would enhanced decolorization rate. On the other 

hand, 100% degradation of dye Brown 3REL by Bacillus sp. VUS was achieved within 8 hours at static 

anoxic condition [17]. This bacterium was also able to degrade 80% of dye in textile effluent. 

2. Catalytic Oxidation 

The results of heterogeneous catalytic ozonation of Methylene Blue using volcanic sand showed 

that this method yielded a higher removal efficiency of Methylene Blue as compared to homogenous 

system [18]. The results obtained also implied the importance of chemical surface properties in 

Methylene Blue oxidation reactions, which suggested that the acid surface sites of volcanic sand play a 

key role in the reaction. 

The study on the photocatalytic efficiencies of the composite catalyst nano-Cu2O/TiO2 prepared 

using electrokinetic system (EK) on the degradation of Methylene Blue showed that the decomposition 

of the dye increased with increasing EK preparation time [19]. It was also found that the loading of 

Cu2O on TiO2 surface could greatly enhance the photocatalytic effect of the catalyst. 

The efficiency of TiO2 in removing dye waste was further supported in the study using Basic  

Blue 3 as the targeted pollutant [20]. In this study, optimization of photocatalytic degradation of Basic 

Blue 3 under UV light and TiO2 nanoparticle in a photoreactor was investigated. Central composite 

design (CCD) was used for optimization and results showed that maximum decolorization was 

achieved at 10 mg/L initial dye concentration, flow rate 100 mL/min and reaction time of 120 minutes. 

In another study involving the self cleaning and photocatalytic properties of TiO2 entrapped PVDF 

(PVDF/TiO2) membrane, the results indicated that the removal rate of Reactive Black 5 under UV 

light was faster as compared to the rate of aromatic ring structure [21]. 

The applicability of composite nanofibers of poly(vinyl alcohol)/poly(N,N-dimethylaminopropyl 

acrylamide) hydrogel and TiO2 for a novel treatment of acidic wastewater was attempted [22]. High 

efficiency of photocatalytic decomposition of dye was obtained by the fast swelling of hydrogel in 

acidic condition and the uniform dispersion of TiO2 by sonication. The investigation on the TiO2/Ag 

photocatalysis system for decolorizing Procion Red MX-5B indicated that the Ag carrier from TiO2/Ag 

catalyst has the oxidizing ability which would be able to degrade MX-5B colour even in the absent of 

UV-A but TiO2 alone was ineffective [23]. 

Apart from using TiO2, the possibility of using a new photo-catalyst of silver nanoparticles 

attached on the surface of amidoxime fibers to degrade Methyl Orange (MO) under sunlight was 

attempted [24]. Results obtained indicated that the silver nanoparticles initiated and mediated the 

photo-oxidation reaction of MO through localized surface plasmon resonance under sunlight. The 

preparation and photocatalytic property of a novel dumbbell shaped ZnO microcrystal photocatalyst 
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was studied [25]. The ZnO photocatalyst has a unique dumbbell shape and it was used to degrade 

Crystal Violet, Methyl Violet and Methylene Blue with degradation efficiencies 68.0%, 99.0% and 

98.5%, respectively. 

Catalytic oxidation of simulated wastewater containing Acid Chrome Blue K using chlorine 

dioxide as oxidant was investigated [26]. The activated carbon-MnO2 catalyst was used for this 

catalytic oxidation and the removal efficiency of Acid Chrome Blue K was 87.8%. 

For electrochemical oxidation removal of dye wastewater, the degradation of Remazol RB 133 was 

achieved with the aid of photovoltaic (PV) cell to power electrochemical filter press reactor [27]. 

Different degradation rate was obtained by using different PV array and electrochemical 

configurations. The effect of indirect electrochemical oxidation method for the decolorization of textile 

wastewater was explored [28]. Graphite and sodium chloride were used as electrode and electrolyte, 

respectively. Various influential variables that governing the efficiency of the decolorization and 

degradation process of Reactive Yellow 3 (RY3) were studied. Kinetic analysis indicated that the 

electrochemical decolorization rates might follow first order model. 

Numerous studies have also been reported for the usefulness of hydrogen peroxide, H2O2 in 

assisting the removal of dyestuffs. The direct photocatalytic degradation of Rhodamine B (RB) by 

using thiocyanate complex of iron and H2O2 showed that the experimental results fitted well to  

pseudo-first-order kinetics [29]. 

The removal of reactive dye, BES Golden Yellow by using H2O2-assisted photolysis was  

studied [30]. Results indicated that UV irradiation and H2O2 addition are conditions that needed for 

high removal efficiency of the dye. The potential of the H2O2/UV process for the removal of color 

before biological treatment indicated that the optimum conditions for the removal of color up to 70% 

were at pH 7, 5 mmol /L and contact time of 120 minutes [31]. Apart from this method, ozonation and 

H2O2/O3 process can also be used as effective method for cleaning textile effluent [32]. This method is 

mainly used for reactive, acid and direct dyes treatment and less information available for basic, 

disperses and metal-complex dyes.  

Wastewater treatment using ultrasound (US) was investigated [33]. The pollutants to be removed 

were reactive azo dyes, phenol and trichloroethylene. The cost of wastewater treatment for reactive azo 

dyes was in the range of $65 per 1,000 gallon for US + UV + H2O2 to $14,203 per gallon for US alone. 

Similar techniques were studied on the degradation of C.I. Acid Orange by ultrasound enhanced 

heterogeneous Fenton-like process [34]. Experimental results obtained showed that the decolorization 

rate increased with ultrasonic power density, goethite addition and H2O2 concentration. In another 

experiment on degradation of dye wastewater by using ultrasound/Fenton/nanoscale iron oxidation 

process, Taguchi statistical method was employed to find the optimum experimental conditions. The 

percent removal of dye under optimum condition was 99.91% [35].  

The enhanced sonocatalytic degradation of azo dyes by Au/TiO2 was investigated [36]. Results 

showed that the catalyst (Au/TiO2) with low Au loading 0.5 wt % and under common and commercial 

frequency (40 kHz) ultrasonic irradiation has accelerated both discoloration and total organic carbon 

(TOC) removal of azo dyes such as Orange II, Ethyl Orange and Acid Red G as compared to bare TiO2 

and nano-Au catalyst. At the same time, the results from sonocatalytic degradation of Acid Red B and 

Rhodamine B by nano-sized ZnO powder under ultrasonic irradiation implied that the degradation 

ratios of Acid Red B and Rhodamine B in the presence of nano-sized ZnO powder were higher than 
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that with only ultrasonic irradiation [37]. The kinetics of sonocatalytic reaction of both Acid Red B and 

Rhodamine B followed the pseudo-first-order model.  

The degradation of Methyl Orange (MO) solution by using microwave-assisted catalysis of H2O2 

with chromium residue was studied [38]. Experimental results showed that some transition metal ions 

might take as catalysis for the degradation of MO. Chromium ions residue and H2O2 can form  

Fenton-like reagent and microwave heating can enhanced the rate of degradation and utilization 

efficiency of H2O2 in the catalysis process. 

For other catalytic oxidation process, the percentage removal of various reactive dyestuffs was 

relatively high especially Reactive Black 5 (above 86%) by using commercial laccase which is a 

catalytic enzyme [39]. Enhanced dye wastewater degradation efficiency using a flowing aqueous film 

photoelectrocatalytic (PEC) reactor was studied [40]. Results proved that the high treatment efficiency 

can be achieved for the degradation of Reactive Brilliant Blue X-BR by flowing aqueous film  

PEC process. 

3. Membrane Filtration  

Novel aromatic polyamide asymmetric nanofiltration membrane was used for the treatment of dye 

aqueous solutions [41]. The nanofiltration membrane was prepared using phase inversion method. The 

effects of various parameters such as pH and feed temperature were evaluated and the results showed 

that the rejections of acid, direct and reactive dyes were all above 95%. The copoly(phthalazinone 

biphenyl ether sulfone) (PPBES) ultrafiltration (UF) membrane with low molecular weight cut-off 

possesses excellent thermal resistance which is suitable to be used in dye wastewater treatment at high 

temperature [42]. It showed 100% rejection for Congo Red, Sulfur Black B and Gentian Violet.  

Zero effluent process by using membrane type solute separation system for wet process house was 

studied [43]. In this study, reactive and disperse dyes were used for dyeing process and the textile 

wastewater which containing sizes, thickeners, pigments and soaps was passed through ultrafiltration, 

nanofiltration and reverse osmosis membranes. Experimental results showed that only a small fraction 

of about 15 ± 3% from membrane filtration was not reusable and unsuitable for processing. 

Wastewater from textile factory during dyeing of cotton with reactive dyes was treated using 

membrane filtration [44]. Three membranes were used in this study, one membrane for nanofiltration 

(NF) and two membranes for reverse osmosis (RO). The value of pH, COD, conductivity and 

coloration in terms of SAC were determined before and after filtration. Results revealed that the 

treated wastewater can be reuse in the dyeing process. 

4. Sorption Process 

The adsorption properties of novel biocompatible composite (chitosan-zinc oxide nanoparticle) for 

both Direct Blue 78 and Acid Black 26 was investigated [45]. It was found that the chitosan-zinc oxide 

nanoparticle can be a suitable low-cost and eco-friendly adsorbent for the removal of dyes from 

aqueous solution. A study on the ability of chitosan as an adsorbent produced from waste seafood 

shells for the removal of five acid dyes, namely, Acid Green 25, Acid Orange 10, Acid Orange 12, 

Acid Red 18, and Acid Red 73 was performed [46]. Experimental data was tested with three kinetic 

models and it was best correlated by the Elovich model. The utility of cross-linked quaternary chitosan 
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as adsorbent for the removal of Reactive Orange 16 from aqueous solutions showed that the adsorption 

process was independent of pH, well represented by Langmuir isotherm and pseudo-second-order 

kinetic model [47]. It was found that the maximum adsorption capacity was 1,060 mg/g. 

Batch adsorption technique was employed in the study of Methyl Orange onto calcined Lapindo 

volcanic mud [48]. The experimental results fitted well to Langmuir isotherm with maximum 

adsorption capacity of 333.3 mg/g. The thermodynamic parameters revealed that the reaction is 

spontaneous and endothermic. The adsorption study using mesoporous TiO2, which was prepared by 

hydrothermal method, showed that the maximum adsorption capacity for Methyl Orange and Cr(VI) 

were 454.5 and 33.9 mg/g, respectively [49]. In this method, cetyltrimethylammonium bromide 

(CTAB) was used as a structure-directing agent. Results from transmission electron micrograph (TEM) 

and nitrogen adsorption-desorption study showed that mesoporous TiO2 has an average pore size of  

5.2 nm and surface area of 161.2 m
2
/g.  

The removal of Methyl Orange from aqueous solution using metal-organic frameworks (MOF) 

materials based on chromium-benzenedicarboxylates (Cr-BDC) was carried out [50]. Two typical 

highly porous MOF materials, MIL-101 and MIL-53 were used for the removal of Methyl Orange. It 

was found that the adsorption capacity and kinetic constant of MIL-101 were greater than MIL-53 due 

to its high porosity and pore size as a result of modification. 

Active manganese oxide was used for the treatment of wastewater containing Congo Red [51]. The 

removal of Congo Red by active manganese oxide was a reversible adsorption process. From the 

results obtained, the equilibrium data was well represented by Langmuir and Freundlich isotherms as 

well as pseudo-second-order kinetic model. The experiment on the removal and recovery of Malachite 

Green dye from aqueous solution using environmentally stable adsorbent of tetrahedral silica and  

non-tetrahedral alumina was attempted [52]. Fourier transform-infrared spectroscopy (FT-IR) was used 

to determine the tetrahedral framework of silica and non-tetrahedral framework of alumina. 

Thermodynamic studies showed that the adsorption process was endothermic and chemisorption.  

The decontaminated of dyeing wastewater by using tourmaline (non-metallic mineral) was 

investigated [53]. Experimental data showed that tourmaline has selectivity on Acid Blue Black (10B) 

and the maximum adsorption of 1,000 g of tourmaline was 18 g of dye. Results also indicated that 

tourmaline decolorization is a combined action of chemical and physical adsorption. 

A study on the porous magnetic microspheres prepared with sulfonated macroporous 

polydivinylbenzene as a template and their ability in the removal of cationic dyes was conducted [54]. 

Results indicated that Basic Fuchsin and Methyl Violet can be removed with high efficiency using 

porous magnetic microspheres which can be easily regenerated and repeatedly employed for 

wastewater treatment. The applicability of Fe3O4 hollow and magnetic nanospheres as an adsorbent for 

the removal of Neutral Red dye from aqueous solution was tested [55]. The nanospheres were prepared 

by using a simple one-pot template-free hydrothermal method. Due to its nano-scale particle size, 

magnetic property and hollow porous material, it showed a favorable adsorption behavior for  

Neutral Red. 

The capability of various biosorbents such as fungi, bacteria algae, chitosan and peat in decolorizing 

dye wastewater was reviewed [56]. The effect of various factors on the decolorization of dye and 

pretreatment methods for enhancing biosorption capacity of the adsorbents were discussed. The 

potential of various low-cost adsorbents, such as agricultural waste, industrial solid waste, biomass 
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clay minerals and zeolites for the removal of Methylene Blue has been reviewed [57]. Agricultural 

waste has been identified as one of the highly efficient low cost adsorbents for Methylene Blue as well 

as other dyes. 

The removal of Reactive Red 23, Reactive Blue 171, Acid Black 1, and Acid Blue 193 from 

aqueous solution on fly ash was studied [58]. The experimental results showed that the removal of 

dyes on fly ash was pH-dependent, higher initial dye concentration enhanced the adsorption capacity 

and the adsorption reaction was spontaneous and endothermic in nature. The usage of natural waste 

adsorbent-ash prepared by burning of brown coal in the heating station of Leskovac was employed in 

the adsorption of textile vat dye Ostanthren Blue GCD [59]. Various parameters such as pH, initial dye 

concentration, Langmuir isotherm and kinetic models were used to evaluate the efficiency of the 

natural waste adsorbent-ash. 

In the meantime, chemically modified sugarcane bagasse as a potential low-cost biosorbent for dye 

removal was studied [60]. The sugarcane bagasse was pretreated with phosphoric acid and used for the 

removal of Methyl Red from aqueous solution in a batch reactor at varying dye concentration, 

adsorbent dosage, pH and contact time. The adsorption efficiency of the modified sugarcane bagasse 

was in the order powdered activated carbon > modified sugarcane bagasse > natural sugarcane bagasse. 

The removal of basic dyes in single and binary dye systems were carried out using sugarcane  

bagasse [61]. The sorption process reached equilibrium at 60 mins, fitted well in the pseudo-second 

order kinetic model and Langmuir isotherm was applicable for all the dye systems studied.  

The feasibility of using rice hull, an agricultural by-product, as a biosorbent for basic and reactive 

dyes removal was explored [62]. With the introduction of different active sites through chemical 

modification, this enables rice hull to act a potential low cost material for dye removal [62-64]. 

Column studies revealed that the breakthrough curves of the dyes being studied followed the typical S 

shape of packed- bed systems and it was bed-depth and influent-concentration dependent. Surface 

morphology analysis was also carried out using atomic force microscopy (AFM).  

Other low-cost adsorbents, such as coconut and coffee husks were identified as potential 

biosorbents for hazardous dye Quinoline Yellow [65]. Results from batch experiment showed that the 

adsorption decrease with increasing temperature which indicates that the reaction is exothermic. The 

experimental data fitted well in pseudo-first-order kinetic model and the equilibrium data conform to 

both Langmuir and Freundlich isotherms. On the other hand, the potential of untreated coffee husks as 

a biosorbents for treatment of Methylene Blue contaminated waters was evaluated [66]. Both 

Langmuir and Freundlich models appeared to provide reasonable fittings for the experimental data. 

The study also revealed that the adsorption process is spontaneous and endothermic in nature.  

The possibility of using grapefruit peel (GFP) as dye sorbent to remove Crystal Violet (CV) was 

conducted [67]. The adsorption of CV using GFP was tested under batch conditions. Results obtained 

were well described by the Langmuir isotherm with maximum adsorption capacity of 254.16 mg/g. In 

the same year, another experiment was conducted under batch conditions on the biosorption of Acid 

Orange 52 onto leaf powder of Paulownia tomentosa Steud [68]. The equilibrium data obtained was 

well represented by Temkin and Langmuir isotherms with maximum adsorption capacity of 10.5 mg/g 

and the exothermic adsorption process followed the pseudo-second-order kinetic model. The 

biosorption of Congo Red by hydrogen peroxide, H2O2, to treat tendu waste under batch conditions 

was performed [69]. The tendu leaf was treated with H2O2 to produce an adsorbent with increased 
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adsorption capacity. The maximum adsorption capacity of treated tendu waste was found to be  

134.4 mg/g. 

The usage of agro-industrial wastes for the removal of basic dyes from aqueous solutions was 

discussed [70]. Experimental data showed that all the adsorbents used which included coir pith, 

sawdust and sugarcane fiber were effective for the removal of Crystal Violet and Rhodamine B and 

their adsorption capacities are comparable with other reported adsorbents. The removal of basic dyes 

from wastewater model by adsorption was studied using waste ashes [71]. In this research, a waste ash 

was obtained from the coal combustion. The adsorption of basic dye Astrazon Green M was analyzed 

and results showed that it followed Langmuir isotherm and pseudo-second-order kinetic model.  

Bottom ash and deoiled soya can also be used as adsorbents for the removal of Congo Red [72]. The 

removal efficiencies of bottom ash and deoiled soya were studied to determine the effect of pH, dye 

concentration, amount of adsorbents, Langmuir and Freundlich isotherms. Column study depicted 

good adsorptive tendencies for Congo Red with 96.95% and 97.14% saturation on bottom ash and 

deoiled soya, respectively. The possibility of producing an adsorbent for dye removal by calcinating 

waste drilling fluids was explored [73]. The adsorption capacity of the adsorbent to five industrial dye 

solutions was equivalent to that of active carbon.  

It is also worthy to mention the utilization of dead pine needles for the removal of Malachite Green 

with the aid of ultrasound [74]. The amount and rate of Malachite Green adsorption were markedly 

increased in the presence of ultrasound. Experimental results indicated that the combination of stirring 

and ultrasound led to an improvement of the removal of dye. A study to utilize chemically modified 

maize cobs waste with enhanced adsorption properties upon Methyl Orange and arsenic was  

conducted [75]. Results indicated that the removal of Methyl Orange (25 mg/L) was less than 50% by 

maize cobs modified with phosphorylation, 68% with 1,4-diaminobutane and 73% with 

diethylenetriamine. The removal of Methylene Blue from wastewater using beer brewery waste was 

performed [76]. Results of surface characterization showed that the pore properties of beer brewery 

waste were larger than those of its raw materials and it probably provided additional adsorption sites. 

From the adsorption isotherm, it was found that the adsorption capacity of beer brewery waste was 

superior and in good agreement with their corresponding physical properties. 

The removal of Direct Fast Brown M by using adsorbent prepared from sewage sludge showed that 

the optimal conditions for adsorbent were 4 M ZnCl2-immersed sludge pyrolyzed at 550 °C for  

60 minutes [77]. In the same year, a study to remove synthetic dyes using sewage sludge ash (SSA) as 

adsorbent was attempted [78]. The sewage sludge ash waste was prepared by pyrolysis of municipal 

wastewater treatment plant sludge and it was used for the removal of Direct Fast Scarlet 4BS and 

Reactive Brilliant Red K-2BP. The adsorption process was found to be temperature and time 

dependent and also affected by adsorbent dosage. 

The utilization of activated carbon from tyre rubber waste for the dye removal was studied [79]. 

Two types of activated carbons from tyre rubber were prepared, with or without sulfuric acid treatment. 

From the results, it revealed that some tyre carbons exhibited a more superior performance than a 

microporous, commercial activated carbon. A comparative study on the adsorption of chromium 

complex dye onto activated carbon and neutral polymeric adsorbent Macronet (MN 200) showed that 

the effectiveness of MN 200 for dye removal was higher than that of activated carbon [80]. The 

preparation of TiO2-loaded activated carbon fiber (TiO2/ACF) hybrids through dip-coating method was 
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conducted [81]. TiO2/ACF hybrids were added to pulsed discharged reactor in order to enhance the 

decomposition of Methyl Orange.  

Preparation of activated carbon from digested sludge of tannery industry for the adsorption of 

reactive dye was described [82]. Results showed that the equilibrium data fitted well to Langmuir, 

Freundlich, and Temkin isotherms and the performance of the activated carbon was good under 

various experimental conditions. The utilization of activated carbon prepared from Punica granatum 

for the removal of Acid Blue-29 was studied [83]. Punica granatum was treated with acid and 

converted into activated carbon. The percent removal of Acid Blue-29 from textile wastewater was 

reported as 82.35% at room temperature.  

A dynamic isotherm of dye in activated carbon was investigated [84]. The uptake of Reactive Blue 

5G by babassu coconut shell activated carbon was studied and the results obtained showed a favorable 

dye uptake behavior with maximum adsorption capacity of 12.9 mg/g. The irreversible model fitted the 

experimental data well when compared to Langmuir and Freundlich models. The preparation of 

activated carbon from sunflowers oil cake using sulfuric acid activation with different impregnation 

ratios was attempted [85]. The prepared activated carbon was used for the removal of Methylene Blue 

from aqueous solutions. Experimental data fitted well in Langmuir isotherm and pseudo-second-order 

kinetic model. 

A new approach to decolorize the complex reactive dye bath effluent by biosorption technique was 

reported [86]. Corynebacterium glutamicum biomass was decarboxylated and immobilized in 

polysulfone matrix in order to enhance the decolorization efficiency. Results revealed that the 

regeneration of this biosorbent can be done using 0.01 M NaOH up to 25 cycles. Column studies 

showed that the biosorbent is capable in removing Remazol dye up to 90.6% over 10 cycles. The 

development in aerobic biogranulation technology and application in treating textile dyes and others 

toxic industrial wastewater were studied [87]. The important factors that affect the aerobic granulation 

were explored through the confocal laser scanning microscopic techniques and  

microscopic observations. 

5. Coagulation/Flocculation 

The feasibility of new tannin-based coagulant-flocculant (Tanfloc) in surface water and textile 

wastewater treatment at pilot plant level was tested [88]. The efficacy of water purification was notable 

in every case and filtration improved the removal of suspended solids, both flocs and turbidity. For the 

textile industry wastewater, approximately 95% dye removal was obtained and the results from these 

pilot studies were similar to or even better than that obtained in batch trials. 

Red mud, a by-product of bauxite processing of Bayer process has been investigated for its novel 

applications in gas cleaning and wastewater treatment [89]. The study revealed the promising results of 

using red mud as a coagulant and adsorbent for both applications as well as catalyst for some industrial 

processes. Both leaching and eco-toxicological tests indicate that red mud has no toxicity to the 

environment before and after reuse. 

Decolorization of dye-containing effluent using mineral coagulants produced electrocoagulation 

was studied [90]. The inorganic coagulants used were labeled as C1 (produced from electrolysis of 

NaOH, 7.5 × 10
−3

 M), C2 (from electrolysis of NaCl, 10
−2

 M) and C3 (from electrolysis of NaOH,  
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7.5 × 10
−3

 M + NaCl, 10
−2

 M). Results showed that the best performance of CI Reactive Red 141 

removal was obtained with C2. The comparison between chemical treatment using C2 coagulant and 

direct electrocoagulation revealed that in the first 10 min, the removal efficiency was higher using C2 

as compared to direct electrocoagulation. However, after 60 min of treatment, direct coagulation 

showed 100% removal of CI Reactive Red 141. 

6. Combination of Different Methods 

The application of adsorption filtration technology using reclaimed iron sludge coated sand (RISCS) 

as filter media for municipal wastewater reuse was studied [91]. Batch experiments were carried using 

RISCS and quartz sand (QS) to examine the effect of their dosages on UV254 removal. The removal 

of UV254 by RISCS was 5.8% higher than QS filtration. The treatment on wastewater containing 

Reactive Black 5 (RB 5) using sequencing batch reactor followed by in combined aerobic membrane 

bioreactor/reverse osmosis (AOMBR/RO) was investigated [92]. Results revealed that in the 

sequencing batch reactor, RB 5 was degraded to aromatic amine which would further mineralized by 

AOMBR/RO that met the criteria for reuse. 

The photocatalytic and adsorption ability of the prepared TiO2/adsorbent nanocomposites (TNC) via 

a facile wet chemical method were studied using Methylene Blue as model pollutant [93]. Synergistic 

effects between adsorption and photocatalysis were observed under the assistance of visible-light 

irradiation and all TNC achieved higher Methylene Blue removal rate than adsorption process alone. 

The integrated sequential photocatalytic oxidation and membrane filtration were used for the treatment 

of dyestuff effluent [94]. The combined effects of both heterogeneous photocatalytic oxidation and 

reverse osmosis membrane leads to complete decolorization of the synthetic dyestuff effluent as well 

as 90% reduction of initial organic content. In year 2008, the photocatalytic and combined  

anaerobic-photocatalytic treatment of textiles dyes was studied [95]. Results demonstrated that 

photocatalysis was able to remove 90% colour from crude as well as autoxidized chemically reduced 

dye solution (biological sequential anaerobic-aerobic treated dye solution).  

The combined treatment of ozonation and subsequent biological degradation with a biofilm to 

reduce the color from textile wastewater was studied by Souza et al. [96]. Results revealed that 

ozonation of Remazol Black B was effective and the color removal can reach as high as 96%. The 

subsequent biological treatment was capable of reducing the toxicity of the resulting solution after 

ozonation. Several biological and chemical coupled treatments for Cibacron Red FN-R azo dye 

removal was tested [97]. It was reported that the two-stage anaerobic-aerobic biotreatment achieved a 

higher percent removal (92–97%) at different dye concentrations. However, the anaerobically 

generated colourless solution was found to be more toxic than initial dye. Hence, a photo-Fenton or 

ozonation process was used as post-treatment of the anaerobic process for complete dye  

by-products mineralization.  

The non-biodegradable reactive dyes can be treated by the catalytic effects of Fenton’s reagent. 

Fenton’s reagent was used to combine both oxidation and coagulation processes [98]. The effects of 

various parameters such as pH, dosage of iron sulfate and hydrogen peroxide, temperature and 

different concentration of sodium chloride and sodium sulfate were studied. A comparison study on the 

removal of Acid Green 50 from wastewater by anodic oxidation and electrocoagulation was carried  
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out [99]. Results showed that removal of Acid Green 50 is more economical by using 

electrocoagulation as compared to anodic oxidation due to lower energy consumption in 

electrocoagulation. Meanwhile, in another study the usage of chemical-coagulation followed by 

sequential batch reactor (SBR) for the decolorization and COD reduction of disperse and reaction dyes 

wastewater was discussed [100]. The color removal efficiency of magnesium chloride aided with lime 

(MgCl2/CaO) and alum (Al2(SO4)3) was compared. The utility of (MgCl2/CaO) showed higher color 

removal as compared to alum.  

7. Other Treatment Methods 

The decolorization of textile dye effluents through current technologies, such as aerobic and 

anaerobic bacteria, fungi and physical-chemical methods was reviewed [101]. They found that 

biotechnological applications were not only for color removal but also for complete degradation of 

dyes. Promising results were obtained in enhancing dye removal rate by the addition of mediating 

compound or changing process condition to high temperature. 

The treatments performance of Acid Orange 7 containing wastewater by using up-flow constructed 

wetland (UFCW) at different Acid Orange 7 concentration was investigated [102]. Various 

concentrations of AO7, from 50 to 100 mg/L, had an effect on the performance in biodegradation of 

organic matters and nitrification in the non-aerated wetland reactor as well as denitrification and 

decolorization in the aerated wetland reactor. For the removal of organic matters, NH4-N and aromatic 

amines, the aerated wetland reactor outperformed the non-aerated one. The usage of constructed 

wetland (CW) for dye-rich textile wastewater treatment was carried out under a series of dynamic 

experiments [103]. The CW model was packed with gravel, sand and zeolite tuff. Results indicated 

that the CW model could reduce color up to 70%.  

The usage of high thermal energy of high-temperature printing and dyeing wastewater to activate 

persulfate (PS) for dye treatment was carried out [104]. Acid Orange 7 degradation was enhanced by 

increasing the temperature or PS concentration. Optimum pH for degradation of Acid Orange 7 was 

found to be pH 7. The decolorization of Acid Orange 7 by a non-thermal plasma technique (i.e., the 

gas-liquid gliding arc discharge, which was generated between at least two metal electrodes with AC 

high voltage) was studied [105]. Results showed that the concentration of Acid Orange 7 decreases 

exponentially to reach 58.9, 77.4, 89.1, 95.1 and 99% in 25, 50, 75, 100 and 125 min, respectively. The 

ln(Ct/Co) varied linearly with treatment time which indicates that the decolorization reaction followed 

pseudo-first-order kinetic model. 

Enhanced biodegradation of Reactive Violet 5R manufacturing wastewater using down flow fixed 

film bioreactor (DFFR) was performed [106]. Charcoal was used as a support material in DFFR. In 

less than 8 hours of contact time, more than 88% COD reduction, 95% degradation of Reactive Violet 

5R and 99% of copper remediation was observed under both batch and continuous operation of DFFR. 

The biodegradation rate increased more than three-fold with an additional 0.25% of peptone. 

The feasibility of using foam separation for color removal from direct dyes-containing wastewater 

was studied [107]. By using cetyl trimethyl ammonium bromide as a collector for foam separation, this 

provided good foaming quality and effective color removal from textile wastewater. Under the optimal 
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conditions, a removal efficiency of 88.9% was achieved and the residual dye content met the discharge 

standard published by the Ministry of Environmental Protection of the People’s Republic of China. 

Two operational strategies, decentralized model and innovative integrated model, in industrial 

wastewater treatment plants (IWTPs) were studied [108]. Results revealed that the integrated model 

has improved IWTP performance although it had a higher operational cost. 

The usage of direct current (DC) diaphragm discharge for the decolorization of Direct Red 79 was 

attempted [109]. High removal rate was observed after 40 minutes. This method can leads to a change 

in solution properties such as pH of the solution and solution conductivity. 

A comparison on Acid Red 119 dye removal by using two different types of waterworks sludge, 

ferric chloride sludge (FCS) and polyaluminium chloride sludge (PACS) was carried out [110]. These 

waterworks sludge acted as coagulant to remove Acid Red 119 under a series of batch experiments. 

Results indicated that FCS was more effective than PACS for the Acid Red removal due to its higher 

maximum adsorption capacity. 

The feasibility of using wasted basic oxygen furnace (BOF) slag in the removal of diazo dye C.I. 

Acid Black 24 revealed that BOF slag efficiently removed Acid Black 24 up to 99.7% [111]. The color 

removal efficiency was dependent on slag dose and initial dye concentration. 

Thermal-pressure-mediated hydrolysis of Reactive Blue 19 was studied [112]. A linear relationship 

between hydrolysis rate of Reactive Blue 19 and increasing temperature and pressure was reported. 

Acidic conditions were more conducive to increase the hydrolysis rate. 

The possibility of using sugarcane extract as an alternative for hydrose, a reducing agent that 

produced large amount toxic by-products in vat dyeing is explored [113]. Sugarcane extract is  

eco-friendly as compared to others reduction method likes electrochemical and ultrasonic energy. 

The electrochemical degradation of Alizarin Red S using an activated carbon fiber (ACF) felt as an 

anode was investigated [114]. Results indicated that increasing current density would increase dye 

removal efficiency. It was found that larger surface area of ACF anode (1682 m
2
/g) could ensure more 

effective electrochemical degradation of dye (83.9%).  

The experiment on the decolorization and decomposition of reactive and disperse dyes using 

electron beam technology was carried out [115]. It was found that the dose of irradiation and initial 

concentration of pollutants would affect the removal of color and they were dependent to each other. 

At irradiation dose of 108 kGy, the color removal was in the range of 87%–96%.  

One and two-stage anaerobic treatment systems were used to decolorize synthetic dye solution 

containing Congo Red and real textile wastewater [116]. The removal of Congo Red was highly 

effective in both treatment systems. However, low decolorization efficiency was observed with real 

textile wastewater and this is most likely due to the presence of dyes not susceptible to reductive 

decolorization under the experimental conditions. 
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