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Abstract  

Textile wastewater or 

otherwise textile 

effluent is the residual 

water discharged into 

the environment after 

use from wet 

processing of textiles 

in the industry. This 

water contains a 

number of substances 

ranging from salts, 

dyes, fats and oils, 

acids, heavy metals 

etc.  

 it is therefore a major 

source of water 

pollution. This paper 

reviews the various 

pollutants in the 

wastewater, the 

environmental impact 

of textile wastewater 

and the various 

physicochemical 

processes of 

wastewater 

treatment. 
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INTRODUCTION  

The textile industry is 
one of the major 
utilizers of water. On 
average, 200 litres of 
water is used to make 
1 kilogram of textile 
fabric. Water is used 
in every aspect of 
textile manufacture, 
right from cleaning 
the raw material, till 
flushing, bleaching, 
dyeing and printing, 
up to the final 
finishing of the textile 
fabric (Fibre2fashion, 
2021-06-14). After all 
the processes, the 
residual water is now 
a complex mixture of 
substances ranging 
from salts, dyes, acids 
as well as heavy 
metals. These 
contents pose great 
threat to the 
biological activities of 
the body into which it 
is discharged and the 
surrounding 
environment. Aquatic 
lives are the first 
victims as the 
wastewater is 
discharged into larger  
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ater bodies. The characteristics of the wastewater such as 

colour, turbidity, acidity, presence of heavy metals etc. 

hinders the smooth activities in such water bodies and 

consequently, leading to loss of aquatic lives. Human lives are also affected 

by extension, due to the increase in concentration of such pollutants in the 

water bodies. Majority of our municipal water supplies come from rivers 

and dams into which these wastewaters are released. Even though water 

for municipal supply undergoes stages of treatment and purification before 

eventually distributed for consumption, these processes hardly get rid of 

all the pollutants from the wastewater due to their complex nature. The 

accumulation of such substances overtime, causes serious health 

problems. 

Textile wastewaters can be classified as dangerous for receiving waters, 

which commonly contains high concentrations of recalcitrant organic and 

inorganic chemicals and are characterized by high chemical oxygen 

demand (COD), total organic carbon (TOC), high amounts of surfactants, 

dissolved solids, fluctuating temperatures and pH, possibility of heavy 

metals and colour. The presence of organic contaminants such as dyes, 

surfactants, pesticides etc. in the hydrosphere is of particular concern for 

the freshwater, coastal and marine environments; because of their no-

biodegradability and potential carcinogenic nature of majority of these 

compounds (Yonar, 2011).  

Yaseen and Scholz (2019) reported the characteristics of real textile 

wastewater obtained by different researchers from different sources in 

different countries. The table below shows some of these characteristics.   

 

Table 1: Typical characteristics of textile wastewater (Yaseen and Scholz, 

2019). 
Source 

 
 

 
 

Country 

Textile effluent from 

rinsing step of a 
denim textile 

industry 
 

Mexico 

Textile effluent from 

dyeing bath 
 

 
 

Italy 

Range of seven 

woven and knit textile 
mills of finishing 

industry 
 

India 

Textile effluent 

from dyeing 
process 

 
 

Spain 

Temperature (⁰C) 28 – 30 - - - 

pH 6.48 9 ± 0.5 4.3 – 11.9 6.9 

Colour (Pt-Co) 330 0.66 ± 0.06a - 300 

COD (mg/L) 344 1017 ± 58 195 – 3050 806 

BOD (mg/L) 91.91 9.8 ± 1.3 108 – 790 - 

w 
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TOC (mg/L) 84.92 158 ± 9.8 101 – 7788 - 

Chlorides (mg/L) 338.19 38.6 ± 3.1 - 270 

TSS (mg/L) - - 450 – 6510 112 

TDS (mg/L) - - 0.535 ± 0.1 - 

EC (µS/cm) 471.3 - - 1825 

*BOD-biological oxygen demand, COD-chemical oxygen demand, TOC-
Total organic carbon, TSS-total suspended solids, TDS-total dissolved 
solids, EC-electrical conductivity. 
 
COMPOSITION OF TEXTILE WASTEWATER 
Textile wastewaters are a complex mixture of salts, acids, heavy metals, 
organo-chlorine based pesticides, pigments and dyes. Textile wastewaters 
generated from the different wet processes (desizing, scouring, bleaching, 
mercerization, dyeing and finishing) are characterized by high pH, 
temperature, BOD, COD, detergents, surfactants, suspended and dissolved 
solids, dispersants, leveling agents, toxic organic sulphates etc. (Sghaier et 
al., 2019). 
 
Dyes 
Dyes are defined as coloured, ionizing organic compounds that have 
affinity for the material to which they are applied. They are the major 
constituents of effluent from the dyeing and printing section. They are 
discharged in the effluent because not all the available dye in the dyebath 
is adsorbed and fixed on to the fabric. Textile dyes are classified based on 
a number of things. The two major classifications are based on method of 
application as direct, reactive, disperse, acid, basic, vat, sulphur, mordant 
and azoic dyes: based on chemical structure as azo, anthraquinone, nitro, 
acridine, methine, rhodamine dyes etc. table 1 below gives example of 
some textile dyes, their chemical structure, class and example. 
 

Table 2: Class of Dyes, their chromophore and example 

Class Chromophore Example 
Azo N=N 

 
Disperse red 

Anthraquinone O

O  

Acid green 25 

Nitro -NO2 Disperse yellow 14 
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Acridine 

N  

Acridine orange R 

Diphenylmethane  
CH

2

 

Auramine O 

 

Azo dyes account for over 50% of commercial dyes available in the market 

and constitute the most important class applied in the textile industry 

(Holkar et al., 2016). 

Dyes are resistant to biological oxidation and cause the added problem of 

being visible, even in diluted form. A coloured effluent, often simply 

because of its colour, is looked upon as being dangerous and perhaps even 

poisonous, even though it may not be more harmful than other colourless 

chemicals in the solution (Nkeonye, 2009). Furthermore, dyes were 

reported to have some carcinogenic, mutagenic, allergen and toxic 

potential on animals. For example, p-phenylenediamine (p-PDA), an azo 

dye component, is a contact allergen (Soares et al., 2001). 

 

Dissolved solids 

Dissolved solids refer to any materials, salts, metals, cations or anions 

dissolved in water. Total dissolved solids (TDS) comprises of inorganic 

salts (principally calcium, magnesium, potassium, sodium, bicarbonates, 

chlorides sulfates etc.) and small amounts of organic matter that are 

dissolved in the effluent. These solids were added mostly during 

processing. For instance, sodium chloride is added as dyebath assistance 

during the dyeing of cotton fibres with reactive or direct dyes. 

 

Suspended solids 

These refer to small solid particles which remain in suspension in water as 

a colloid. Although they can be removed by sedimentation and filteration, 

textile effluents still possess certain levels of suspended solids.  Examples 

of these include cotton lints, dried starch lump, etc. 

 

Heavy metals 

Heavy metals such as lead, chromium, cadmium, copper etc. are widely 

used for the production of pigments and dyes for textiles. Consequently, 
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after these dyes are applied to the fabric, the remaining unadsorbed dye 

containing the heavy metals is discharged into the effluent. 

 

Acid and bases  

Acids and bases are also part of the dyeing liquor. They are used as dyebath 

assistant or as pH regulators. Some of these acids and bases include acetic 

acid, sodium hydroxide, soda ash etc. when an effluent is discharged into a 

water body in large amount; it affects the acidity of the water. The 

acceptable pH limit for the majority of aquatic creatures is between 6.5 -

9.0.  

 

PHYSICOCHEMICAL PROCESSES OF COLOUR REMOVAL 

These are physical and chemical processes employed over the years in the 

treatment of wastewater. Several physicochemical colour removal 

methods have been employed at full scale over the years. Many studies 

have focused on ozonation and advanced oxidation, which reliably 

decolourises a wide range of dyewastes (Judd and Jefferson, 2003). It is 

worthy of note however, that, all these processes have their own 

advantages and disadvantages. Choice is made based on the type of 

effluent, the budget allocated to effluent treatment and the desired end 

result. Table 2 below shows some of the processes, their performances and 

limitations. 

 

Table 3: physicochemical processes of wastewater treatment 
S/N Process Stage Status Performances Limitations 

1 Coagulation/flocculation Pre-, main or 
post-

treatment 

Extensive use Almost full 
decolourisation, 

water reuse 

Unreliable 
performances, 

sludge removal 

2 Adsorption Pre- or post-
treatment 

Bench to 
fullscale, 

depending on 
adsorbent 

Water reuse with 
newer adsorbents 

Sludge removal or 
adsorbent  

3 Membrane filtration Main or post-

treatment 

Extensive use in 

S/Africa 

Reliable 

performance, water 
reuse 

Concentrate 

management 

4 Ozonation Post-
treatment 

Full-scale Full decolourisation, 
water reuse 

Expensive, 
aldehydes formed 

5 Fenton’s reagent Pre-

treatment 

Several full-

scale plants in 
S/Africa 

Full decolourisation  



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 16 NO.2) SEPTEMBER, 2021 EDITIONS 
 

 
  
 

104 

6 Photocatalysis Post-

treatment 

Pilot scale Near complete 

colour removal 

For final polishing 

only 

7 Electrolysis Pre-
treatment 

Pilot scale Full decolourisation Foaming, limited 
electrode life 

 

Coagulation/flocculation 

Coagulation and flocculation are physicochemical processes used often 

hand-in-hand to separate suspended solids from textile wastewater. This 

is achieved by the use of coagulants (such as alum, ferrous sulfate, ferric 

chloride etc.) and flocculants (such as aluminum chlorohydrate). 

As mentioned earlier, almost all the physiochemical processes have one 

shortcoming or the other and coagulation/flocculation is no exception. In 

this case, a possible link to Alzheimer’s disease with conventional 

aluminum based coagulants has become an issue. Hence, special attention 

has shifted towards using biodegradable polymer, chitosan, in treatment; 

which are more environmental friendly (Mohd et al., 2009). 

Mohd et al. (2009) investigated the use of chitosan as a coagulant in the 

treatment of textile wastewater by varying the operating parametres, 

which are: chitosan dosage, pH and mixing time. The results obtained were 

72.5% of COD reduction and 94.9% of turbidity reduction. It was concluded 

then that; chitosan is an effective coagulant, which can reduce the level of 

COD and turbidity in textile industry wastewater. 

 

Adsorption 

Adsorption is a very popular process in the removal of organic pollutants 

from wastewater. Adsorption is primarily concerned with the deposition 

of molecules or ions called the ‘adsorbate’ on to the surface of another 

material called the ‘adsorbent’. In the treatment of textile effluent, 

adsorption is primarily used for the removal of dye molecules which occurs 

through physical and chemical sorption. 

Adsorbents are mainly derived from sources such as zeolites, charcoal, 

clays, ores, and other waste resources. Adsorbents prepared from waste 

resources include coconut shell, rice husk, petroleum wastes, tannin-rich 

materials, sawdust, fertilizer wastes, fly ash, sugar industry wastes, blast 

furnace slag, chitosan and seafood processing wastes, seaweed and algae, 

peat moss, serap types, fruit wastes etc. (Cameselle et al., 2013). 

Activated carbon is the most widely used adsorbent with great success due 

to its large surface area, micro porous structure and high adsorption 
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capacity. However, its use is limited because of its high cost. This has led to 

the search for cheaper substitutes (Karaoğlu et al., 2010). 

In the adsorption process, the wastewater to be treated is mixed and 

shakes with the adsorbent which in most cases, is in small particle size to 

give more surface area for reaction. Parameters such as adsorbent dosage, 

pH, temperature, agitation and contact time are adjusted and monitored 

for optimum result. In many cases, the adsorbent can be recycled and 

reuse. 

 

Membrane filtration 

The basic technology behind membrane filtration involves using a semi-

permeable membrane to separate a liquid into two distinct streams. 

Pumping this liquid across the surface of the membrane creates a positive 

trans-membrane pressure that forces any components smaller than the 

porosity of the membrane to pass through, forming the permeate. Any 

component larger than the pore size simply cannot pass through, and 

remain behind in what is called the retentate. The surface of the membrane 

is kept free from blockages by the force of the liquid flow moving parallel 

to the membrane surface (Risingsunmem, 2021-06-21). There are 

basically four (4) types of membranes used for filtration, depending on the 

nature of water to be treated. These include: microfiltration, ultrafiltration, 

nanofiltration and reverse osmosis membranes.   

 

Advanced oxidation processes (AOPs) 

Advanced oxidation processes (AOPs), in a broad sense, are a set of 

chemical treatment procedures designed to remove organic materials in 

water and wastewater, through the production and utilization of hydroxyl 

radicals. The strong, oxidizing hydroxyl radicals (OH.) are responsible for 

the decomposition of organic materials in the wastewater. 

The AOPs have proceeded along one of the two routes (Munter, 2001): 

– Oxidation with O2 in temperature ranges intermediate between ambient 

conditions and those found in incinerators Wet Air Oxidation (WAO ) 

processes (in the region of 1–20 MPa and 200–300ºC); and 

– The use of high energy oxidants such as ozone and H2O2 and/or photons 

that are able to generate highly reactive intermediates – ·OH radicals. 

A common reaction is the abstraction of hydrogen atom to initiate a radical 

chain oxidation: 
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RH + ·OH                 H2O + ·R - - - (1) 
2·OH   H2O2    -- - - (2) 
·R + H2O2             ROH + ·OH - - (3) 
·R + O2        ROO· - - - (4) 
ROO· + RH            ROOH + R·  - - (5) 

For example, reaction with methanol is as follows: 

CH3OH + . OH
. CH2OH CO2 H2O

. OH/O2
HH C

O
. OH/O2

OHCH

O
. OH/O2

+
 

Some of pilot plant or full-scale elaborations of AOPs are known already as 
a registered trademark like ULTROX, RAYOX, WEDECO, UVOX, ECOCLEAR 
and BioQuint (Goi, 2005). 
The main advantages of these methods are high rates of pollutant 
oxidation, flexibility concerning water quality variations, and small 
dimension of the equipment. The main disadvantages are relatively high 
treatment costs and special safety requirements because of the use of very 
reactive chemicals (ozone, hydrogen peroxide), etc. and high-energy 
sources (UV lamps, electron beams, and radioactive sources) (Kochany and 
Bolton, 1992). 
The advanced oxidation processes can be divided into two: Non-
photochemical and photo-chemical processes.  
 
Non-photochemical Advanced Oxidation Processes 
There are four well-known methods for generating hydroxyl radicals 
without using light energy. Two of the methods involve the reaction of 
ozone while one uses Fe2+ ions as the catalyst. These methods are 
ozonation at elevated values of pH (>8.5), combining ozone with hydrogen 
peroxide, ozone + catalyst, and the Fenton system (Munter, 2001). 
 
Photochemical Methods 
Conventional ozone or hydrogen peroxide oxidation of organic compounds 
does not completely oxidize organics to CO2 and H2O in many cases. In 
some reactions, the intermediate oxidation products remaining in the 
solution may be as toxic as or even more toxic than the initial compound. 
Completion of oxidation reactions, as well as oxidative destruction of 
compounds immune to unassisted ozone or H2O2 oxidation, can be 
achieved by supplementing the reaction with UV radiation. UV lamps must 
have a maximum radiation output at 254 nm for an efficient ozone 
photolysis. Many organic contaminants absorb UV energy in the range of 
200–300 nm and decompose due to direct photolysis or become excited 
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and more reactive with chemical oxidants. However, commercially 
available high-power UV lamps have an energy efficiency of only 15% 
(Munter, 2001). 
 
Table 4: list of typical AOP systems (Huang et al., 1993). 
Non-photochemical  Photochemical 
O3/OH- H2O2/UV 
O3/H2O2 O3/UV 
O3/US O3/H2O2/UV 
O3/GAC H2O2/Fe2+ (photo-Fenton) 
Fe2+/H2O2 (Fenton system) UV/TiO2 
Electro-Fenton H2O2/TiO2/UV 
Electron beam irradiation O2/TiO2/UV 
Ultrasound UV/US 
H2O2/US  
O3/CAT  

 
ENVIRONMENTAL IMPACT OF TEXTILE WASTEWATER 
The impact of textile effluent on the environment cannot be 
overemphasized. Industrial wastewater is one of our major environmental 
threats, especially in highly industrialized countries. Because it is a 
complex mixture of different substances, it pollutes surface water; 
subsurface water and even the neighboring soil; affecting the physical, 
chemical and biological properties of the soil. 
The textile industries release large amount of wastewater containing toxic 
and hazardous pollutants that badly degrade the environment. Textile 
industrial wastewater also shows toxic effects on aquatic macrophytes and 
algae, as it is noticed that, aquatic macrophytes could hardly survive two 
days on textile effluent (imtiazuddin, 2018). 
 
CONCLUSION 
Textile wastewater is a complex mixture of different substances that are 
hazardous to the environment and life in general. Because of the extreme 
complexity of textile wastewater, no single treatment process was 
reported to have successfully dealt with all the parametres (i.e BOD, COD, 
TDS, dyes, heavy metals etc.). Hence, there is need to combine different 
processes in order to achieve maximum treatment. Different researchers 
at different times have tried different combinations of physical, biological 
and chemical processes; each research showing promise in the treatment 
of one or more parameters.    
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