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Abstract 

About two-thirds of the Earth's surface is covered with water, yet there is a scarcity of drinkable water around us. The rivers, 

lakes, seas and oceans are drowned in chemicals, waste, plastics and other pollutants. These harmful substances degrade water 

quality and render it toxic to humans or the environment. Hence, environmental pollution is the main vital troubles of the society.  

The wastewater from textile plants is considered as the most polluting of all the industrial sectors when considering the effluent 
composition as well as the volume produced. Textile waste water pollutants are generally causticsoda, urea, detergents, starch, 

wax, ammonia pigments and dyes. Nowadays, dye wastewater is becoming one of the substantial sources of severe pollution 

problems. The main reason is fast fashion i.e. increased demand for textile products means the proportional increase in their 

production linked with use of synthetic dyes. In this paper, the one of the promising method such as Coagulation-Flocculation 

using Jar test apparatus for the removal of dyes from the contaminated textile waste water was studied. The effectiveness of 

natural coagulants/flocculants as compare to chemicals were studied as industries paying more amounts for these chemical 

materials which increase the total treatment cost and required further setup for disposal of sludge. In this review paper, the 

suitability of the natural coagulants/flocculants in the treatment of textile waste water was studied and the effect of these natural 

biomaterials on the removal of colour, turbidity, alkalinity, BOD, TS, TSS, turbidity and COD were also studied. The 

employment of locally available natural biomaterials was found to be suitable, easier, cost effective and environment friendly for 

textile waste water treatment.  
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I. INTRODUCTION 

Water is one of the most important substances on earth. [9]. It is the main factor of earth which used in all types of industries. 

Water used for different processes but not completely utilized and easily discharged as wastewater [2]. Nowadays, its pollution is 

one of the main environmental problems [9]. The quality of surface water within a region is governed by both natural processes 

such as precipitation, weathering and  soil  erosion,  lithology  of  basin,  atmospheric  inputs,  and  climatic  conditions, etc and  
anthropogenic  effects like as urbanization, industrialization, agricultural activities and human exploitation of water resource. 

The input of waste into surface water bodies has a negative impact not only on the aquatic life but also affects the self 

purification property of the water body. The effluents from industries have a great deal of influence on pollution of water body 

by changing the physical, chemical and biological nature of receiving water body.  This further resulted in vast degradation of 

the surface waters making them worse in their use for agricultural, drinking, industrial, recreation and other purposes [16].  

In all industries, Textile industry is one of the biggest consumers of potable water that used in huge quantity as well as chemicals 

used during textile processing stages. They produce a lot of wastewater contaminated with dyes, chemicals, suspended solids, etc 

[2, 4].  Day by day, Textile industries pose a significant environmental problem for earth. Waste water contaminants can make 

water unsuitable for the desired purposes e.g., drinking, watering, washing and showering [9]. With the increased demand for 

textile products, there is increase in the textile industry and its wastewater proportionally, making it one of the main sources of 

severe pollution problems worldwide. [2] 

Textile industry processes are among the most environmentally unfriendly industrial process, because they produce colored 
wastewaters that are heavily polluted the environment [3]. In the fiber manufacturing industry the effluent wastewater consider 

the parameter BOD, COD, TDS and pH. The high values of BOD, the untreated textile wastewater can cause rapid depletion of 

dissolved oxygen if it is directly discharged into the surface water sources. The effluents with high levels of COD are toxic to 

biological life. The high alkalinity and traces of chromium (employed in dyes) adversely affect the aquatic life and also interfere 

with the biological treatment process. Dissolved solids in effluent may also be harmful to vegetation and restrict its use for 

agricultural purpose [17]. Therefore, wastewater from textile industry has to be treated before being discharged into the 

environment and necessary to reuse in areas that suffer from water scarcity because high water consumption required for its 

processes [3, 17]. 

The main parameter that comes from textile industry effluent is colour and this colour is generated from dying process which 

is highly polluted. The effluent from textile is an important source of dye pollution. Many dyes and their break down products 
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may be toxic for living organisms. Therefore decolourisation of dyes is an important aspect of wastewater treatment before 

discharge in the natural sources [22].  

Textile dyes are toxic, highly stable and do not degrade easily and are not removed by conventional wastewater treatment 

methods. Due to the non degradable nature and long time persistence in the environment the  toxic waste often accumulates 

through tropic level  causing  a  deleterious  biological  effect  and  higher  incidence  of  water-borne  diseases. Now treatment 

technologies recommended for colour removal are physiochemical treatment methods like adsorption [8, 22], ion exchange[1], 

membrane filtration[1], UV absorption[23], oxidation[1], chemical precipitation, and coagulation – flocculation [12, 16, 18, 20, 

23, 24, 25]. 

It is studied that, the physiochemical treatment method like coagulation – flocculation is generally used in many treatment 

units. Coagulation and flocculation technique is well known for its operation and its maintenance. Coagulation and flocculation 

process is performed as a treatment technique to remove the turbidity, its odour and its colour from the taken textile effluent [11].    

In coagulation – flocculation process, chemical treatment techniques are effective for color removal but require more energy 
and expensive than biological process. They contaminate the environment and require additional cost for disposal. Moreover, 

some studies have reported that residual chemicals (aluminum sulphate and poly aluminium chloride) may include Alzheimer’s 

disease, whereas the synthetic organic polymers, such as acryl amide have neurotoxic and carcinogenic effects [2].  

To overcome these problems, we have used natural coagulants such as moringa, lablab, Tamarind for the treatment of 

wastewater produced by the textile industries. The method used for the treatment of textile industrial wastewater was the 

conventional Jar Test method. From the result it was found that natural coagulants or flocculants worked better with turbid water. 

Utilization of locally available natural coagulant is found to be suitable, easier, cost effective and environment friendly for water 

treatment [1].    

II. MATERIALS USED AND METHODOLOGY ADOPTED 

 Materials used: Coagulants / Flocculants  

In textile industry, there are three different types of fibres used in the manufacture of various textile products: cellulose fibres, 

protein fibres and synthetic fibres. Each type of fibre is dyed with different types of dyes.  The textile industry utilizes various 

chemicals and large amount of water during the process. The water is mainly used for application of chemicals on to the fibres 

and rinsing of the final products. Chloride is major anion found in the wastewater but concentration of bicarbonate, sulplate and 

nitrate are also high (> 100 mg/L) [1].  

For treating of textile waste water many coagulants and flocculants are used in coagulation and flocculation process by using 
jar test. In some studies, chemicals as well as natural coagulants and flocculants are used.  

 Chemical Coagulants / flocculants 

Coagulant like lime eliminated colour and COD effectively.  However ferrous sulphate was chosen as effective coagulant for 

colour removal as it required lowest coagulant dose, minimum settled sludge volume and maximu decolourization.  It was also 

observed that higher percentage of suspended solids was removed by using a combination of iron salts with lime at pH 10 to 11 

as compared to alum in a very short time period [16]. Attempts were made to examine the effectiveness of coagulation and 

flocculation process using ferric chloride and polyelectrolyte (non-ionic polyacrylamide) for the treatment of beverage industrial 

wastewater [12]. Commercial grade of polyaluminum  chloride (PACI) and aluminum sulfate (alum) coagulant agent and 

praestol as coagulant – aid were provided for coagulation - flocculation in dye containing waste water in which praestol improve 

the efficiency of process [20].  

 Natural Coagulants / flocculants 

The investigation intended for COD and colour removal from textile wastewater using naturally prepared coagulants i.e. Surjana 
Seed Powder (SSP) Maize Seed Powder (MSP) and Chitosan [13]. Coagulants such as Cactus and Hyacinth bean, Tamarindus 

indica, Acacia (Babul) extracts are the highest performance in turbidity removal in textile effluent [g]. The study has been made 

to evaluate the effectiveness of locally available natural coagulant Neem leaves powder for reduction of characteristics in the 

wastewater in order to improve its quality. A common herb like Neem leaves powder is utilized to illuminate and sterilize the 

water. The coagulant chemicals play the vital role in wastewater treatment. At the same time spending more amounts for these 

chemical coagulants increase the total treatment cost and become more burdens to the industry. In view of the replacement or 

reduction of chemical coagulants which are used in wastewater clarification, coagulants which are effective, productive and also 

free from physio-chemical characteristics are considered. Using natural coagulants is more eco-friendly and sustainable when 

compared to the chemical coagulants which is biodegradable [3]. Most industries in the world treat their wastewaters with a 

conventional coagulation–flocculation process using alum as coagulant, polyacrylamide (PAM) as flocculant and lime as 

coagulant aid. To reduce the use of chemical products in the process, experiments were conducted to substitute the PAM with 
cactus juice (CJ) as flocculant. From the obtained data, it was concluded that the substitution of PAM with CJ in the 

coagulation–flocculation process was very effective, compared with PAM [5].  

The present paper reviews wastewater treatment technologies that may involve cactus. This biomaterial can be involved as 

coagulant/flocculant, as biosorbent and as packed material for biofilter. Also, cactus may offer enzymatic system useful for the 

transformation of toxic textile dyes. The results obtained in the depollution of wastewaters using various cactus preparations 

showed very high and promising pollutant removal efficiency. Generally, cactus reduced significantly many wastewater 
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parameters (turbidity, COD, heavy metal, conductivity, salinity, etc.). Consequently, for many accessibility criteria (composition, 

properties, abundant, non-toxic, etc.) cactus may be useful material for wastewater treatment making it appropriate for regions of 

the world, where cactus is available [7]. The special attention has given towards biodegradable polymer Chitosan in treatment 

which are ore environmental friendly. Chitosan is natural organic polyelectrolyte of high molecular weight and high charge 

density which obtained from deacetylation of chitin [11]. Plant extracts are used as natural coagulants for decolorizing the dye 

effluents. The leaves of guava, pineapple, calotropis, and the whole seed of mango and the dried slices of sugar beet were ground 

to fine powder using laboratory mill and sieved. Coagulants of pineapple leaf powder and guava leaf powder can be used for 

medium treatment. Coagulants of calotropis leaf powder and sugar beet pulp can be used for pH and turbidity reduction. 

Maximum decolorization was observed by Mango seed powder in textile dye effluent [2].    

 Methodology Adopted: Coagulation-Flocculation 

Various treatment methods are currently used to treat industrial wastewaters. The choice of the process depends on the 

wastewater characteristics and on treatment objectives. The use of a chemical treatment process is one of the most common and 

well-known methods. Among the chemical treatment methods, the most familiar practices include chemical precipitation, 

electro-coagulation, electro-floatation, sedimentation precipitation, extraction, evaporation, membrane filtration, coagulation–

flocculation and chemical oxidation [18]. For economic considerations, the conventional coagulation – flocculation  process 

(using various chemicals such as salts of iron, aluminum, lime, and polyelectrolytes, etc.) are used worldwide, showing higher 

treatment performance in terms of organic matter, solid matter and heavy metal removals. The coagulation–flocculation process 
offers various advantages for the treatment of industrial wastewaters such as lower sensitivity to toxic loadings and higher 

amounts of organics, easy operation, energy saving, etc. However, it has been demonstrated in numerous studies that chemical 

products used as coagulants or flocculants (such as aluminium salts, acrylamides, etc.) remain in water after treatment and may 

induce health problems [5].   

Coagulation–flocculation is one of the most practiced technologies extensively used on industrial scale wastewater treatment 

[18]. The removal mechanism of this process is mainly due to the charge neutralisation of negatively charged colloids by cationic 

hydrolysis products which allows the Van der Waals force of attraction to encourage initial aggregation of colloidal particles to 

form microflocs [18]. The efficiency of coagulation–flocculation process depends on several factors including the coagulant and 

flocculant type, dosage, pH value, temperature, ionic strength, nature and concentration of organic matter, total dissolved solids, 

size, and distribution of colloidal particles in suspensions [18]. Coagulation–flocculation is an important unit operation in 

wastewater treatment of many industries such as pulp and paper, pharmaceutical, petrochemical, cosmetics, food, mineral 

processing, metal working and textile [2, 16]. This technique has been successfully employed for the treatment of the effluents 
from, hospital, sugar cane industry [8], beverage industry [12], petroleum refinery [21], dyebath and dye house, municipal, 

pulping [19] and many other. These multitudes of applications on the examination of coagulation– flocculation for the industrial 

effluents treatment aim mainly at the performance optimization. Although chemical coagulation and flocculation may be a 

feasible solution for the treatment of effluent from above industrial waste, some studies have been carried out to investigate the 

natural coagulant or flocculant which gives better result in coagulation and flocculation process [1, 2, 3, 5, 6, 7, 11, 19, 21].  

The jar test has been the standard technique used to optimize the addition of coagulants and flocculants used in the water and 

wastewater treatment industry from more than half a century. The scope of this practice is to evaluate the treatment to reduce the 

suspended, colloidal and non-settable matter from the effluent by chemical or natural coagulation–flocculation. The same 

standard was utilised to evaluate the variables normally encountered in the coagulation– flocculation process [18].  

III. BRIEF DISCUSSION 

 Chemical coagulants/ Flocculants 

1) The results revealed that in the range of pH tested, the optimal operating pH was 9. Percentage removals of 73, 95 and 97 for 

COD, TP and TSS, respectively, were achieved by the addition of 300 mg/L FeCl3·6H2O, whereas 91, 99 and 97% removal 

of COD, TP and TSS, respectively, were achieved with the addition of 25 mg/L polyelectrolyte to 100 mg/L ferric chloride. 

The volume of sludge produced, when ferric chloride was used solely, was higher compared to the use of combination of 

polyelectrolyte and FeCl3·6H20. The combined use of coagulant and polyelectrolyte resulted in the production of sludge 

volume with reduction of 60% of the amount produced, when coagulant was solely used for the treatment [12].  

2) In this research work different coagulants like Alum, Lime, Ferrous Sulphate, Ferric Chloride, and poly-electrolytes for 

flocculation were employed to select the most suitable composition which has optimal removal efficiency. Results showed 
that coagulant like lime eliminated colour and COD effectively. However ferrous sulphate was chosen as effective coagulant 

for colour removal as it required lowest coagulant dose, minimum settled sludge volume and maximum decolourization. It 

was also observed that higher percentage of suspended solids was removed by using a combination of iron salts with lime at 

pH 10 to 11 as compared to alum in a very short time period [16]. 

3) In this paper it was studied that, The effect of praestol, as a coagulant aid, was evaluated on the improvement of coagulation 

process with alum and PACl for the removal of a common disperse dye, DR 60. When praestol was used in combination 

with alum and PACl, the color removal was increased at lower doses of the coagulants. The maximum dye removal by alum 



Some Aspects of - Decolourization of Textile Industry Wastewater - A Brief Review  
(IJSTE/ Volume 6 / Issue 9 / 002) 

 

 All rights reserved by www.ijste.org 
 

8 

coupled with praestol (Al-P) and PACl coupled with praestol (PA-P) was found to be 97.8% and 98.7%, respectively that 

were occurred at pH 7. The flocs generated by PA-P settled faster than the flocs generated by Al-P. Using these coagulants, 

especially PACl, along with praestol as a coagulant aid can effectively remove DR 60 from aqueous solutions [20]. 

 Natural coagulants/ Flocculants 

1) From the experimental study the % reduction of COD of textile waste water about 63-64 % by using chitosan as coagulant. 

Chitosan is exact replacement for aluminum based coagulants. Because aluminum based coagulants causes disease like 

Alzheimer’s disease while chitosan was more ecofriendly characteristic and bio degradable polymer. Chitosan not only 

reduces the COD but also reduces the maximum percentage of turbidity of sample i.e. chitosan removes maximum color of 
sample and that solution becomes clear to see and there is no cloudiness is observed. Optimum mixing time for effective 

coagulation process is 20 min and optimum chitosan dose is 30 mg/ L [11].  

2) Neem leaves powder plays a major role for the better influence in removal of physiochemical parameters such as PH , Total 

solids, TDS, TSS, EC, turbidity, T. Alkalinity, BiCarbonate Alkalinity, Total Hardness, Ca.Hardness, Mg.Hardness, 

Calcium, Magnesium, Carbonate Hardness, Non carbonate Hardness, Chloride, Sulphate, MLVSS, Iron, Silica COD, BOD, 

Copper and Chromium. Low cost adsorbents obtained from leaves of plant material such as Neem leaves is highly 

encouraged for the decolourization of aqueous solution of dyed effluents of industries are used because they are not only 

cost effective but sometimes more efficient than the commercially available activated charcoal. It clearly shows the Neem 

leaves serves as a potential alternative absorbent to remove heavy/toxic metal irons from the waste water, this is due to the 

fact that the surface structures of Neem leaf remains stable during long time agitation treatment and also can be obtained 

without excessive cost. The study revealed that decrease the pH in Textile waste water by Neem leaf shown coagulants and 
is more effective. After treatment the range of pH was 7 - 8 and within the limit During the analysis it was observed that, 

after treatment with Neem leaf powder COD was 2980.00. Experimental results indicated that the wastewater could be 

effectively treated by using a coagulation/flocculation process, where the BOD3/COD ratio of the effluent was improved to 

0.19. The amount of food (or organic carbon) that bacteria can oxidize measured by the BOD test were reduced when added 

neem leaf powder [3]. 

3) The study was conducted by using lime as coagulant, polyacrylamide (PAM) as flocculant and lime as coagulant aid.  To 

reduce the use of chemical products in the process, experiments were conducted to substitute the PAM with cactus juice (CJ) 

as flocculant. From the obtained data, it was concluded that the substitution of PAM with CJ in the coagulation–flocculation 

process was very effective, compared with PAM. Depending on the wastewater’s origin, the bio-flocculant showed removal 

efficiencies of 83.3–88.7% for suspended solids (SS) and 59.1–69.1% for chemical oxygen demand (COD). Lime addition 

enhanced the coagulation–flocculation process in the presence of CJ similarly to the PAM with efficiencies greater than 90% 
for both SS and COD [5]. 

4) The study was conducted on cactus which states that, cactus based materials are very attractive for wastewater treatment. 

Cactus plants are renewable, abundant, environmentally friendly, adaptable and biodegradable. The capability of various 

cactus preparations for pollutant removal was also observed. The cactus can be used as coagulant/flocculant, as biosorbent 

and as packed material for biofilter. It was also interesting that, the presence of cactus enzymatic system useful for the 

transformation of toxic textile dyes makes it as potential material for textile wastewater treatment. Hence according to this, 

the limit of using cactus in wastewater treatment is related to the variability of efficiencies of cactus preparations, which 

depends on wastewater characteristics. Therefore, efforts should be made to optimize the procedures for each wastewater 

independently [7]. 

5) The feasibility for treatment of textile mill wastewater using naturally prepared coagulants viz. Surjana Seed Powder (SSP), 

Maize Seed Powder (MSP) and Chitosan in order for removal of COD and color is analyzed. The comparative study of these 

coagulants SSP, MSP and Chitosan are conducted, in which SSP was more preferable than Chitosan and MSP for the 
removal of COD and color. The various factors like coagulant dose, flocculation time and temperature were studied, in 

which parameter of coagulant dose is found more preferable than other parameters for the removal of COD. Also, 

parameters of flocculation time is suitable than other parameters investigated for removal of color. The highest removal of 

COD (75.6%) is achieved using parameter, a coagulant dose of SSP (30.0 mg/L) maintaining temperature of 300 K and 

flocculation time 60 min. The highest color removal (62.82 %) is attained using parameter of flocculation time (120 min) 

maintaining temperature of 300 K and SSP of 20 mg/L. The average maximum SVI and turbidity was found to be 402.7 ml / 

g and 549.6 NTU respectively using MSP and average minimum SVI and turbidity was found to be 331.2 ml / g and 359.6 

NTU respectively using Chitosan. Therefore, Chitosan was more preferable than SSP and MSP, respectively [13]. 

6) In this paper the results were arrived that Coagulants of Pineapple leaf powder, calotropis leaf powder and sugar beet pulp 

are efficient in pH and turbidity reduction of the effluents. Mango seed powder and sugar beet pulp is proficient in chloride, 

BOD and COD reductions of the effluents. Coagulants of pineapple leaf powder and guava leaf powder can be used for 
medium treatment. Maximum decolorization was observed by Mango seed powder in textile dye effluent. The color removal 

is higher if the settling time is longer. The metamorphosis produces 80% of the dye effluents as treated water [2].   

7) In this study the suitability and effectiveness of the Cactus and bean, Tamarind seeds and Acacia in the treatment of textile 

waste water were determined and the effect of the coagulant on the removal of color, turbidity, alkalinity and COD was also 

studied. Natural coagulants worked better with high, turbid, water compare to medium, or low, turbid, water. Highest 
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turbidity reduction efficiency (95.89%) was found with Cactus and Hyacinth bean. About 89 to 96% total coliform 

reductions were also found with natural coagulant treatment of turbid water. The study was carried out for initial turbidity of 

the sample such as 100 NTU (low), 250 NTU (medium) and 500 NTU (high). For the natural coagulant dosage was found to 

be 250–1000 mg/L respectively. It was found that the percentage of removal is highest in Cactus and Hyacinth bean. When 

compared to the commercial resin, the natural coagulant obtained from Cactus and bean, Tamarind seeds and Acacia is 

cheaper and easily available source [1]. 

IV. CONCLUDING REMARKS  

From the review, it can be concluded that, the use of natural coagulants are receiving attention for their effectiveness in water 

treatment by using coagulation-flocculation process. The chemicals coagulants/ flocculants play the vital role in wastewater 

treatment. At the same time spending more amounts for these chemical materials increase the total treatment cost and become 

more burdens to the industry. In view of the replacement or reduction of chemical materials which are used in wastewater 

clarification, the natural materials which are effective, productive and also free from physio-chemical characteristics are 

considered. Using natural materials are more eco-friendly and sustainable when compared to the chemical materials which is 

biodegradable. The use of natural coagulants that are locally available, abundant and inexhaustible provides a solution to treat the 

textile water effluent. The technologies involved are economical, traditional, easy to implement and decreases morbidity and 

mortality from water borne disease like Alzheimer in water resources. Among many engineering disciplines, Textile Engineering 

has direct connection with Environmental aspects to be explicitly and abundantly considered. The main reason is that the textile 

industry plays an important role in a country like India which accounts for one third of its total export. Out of various activities in 

textile industry, chemical processing contributes to about 70% of pollution. In this review paper, the suitability and effectiveness 
of the natural coagulants/flocculants in the treatment of textile waste water were studied and the effect of these natural 

biomaterials on the removal of colour, turbidity, alkalinity, BOD, TS, TSS, turbidity and COD were also studied. When 

compared to the commercial resin, the natural biomaterials are cheaper and easily available source. 
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