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Abstract: In the recent past, water contamination is an alarming topic for humans, the environment and other living beings. 
Water becomes wastewater after its use for different purposes in daily life or industries. As the population is growing rapidly, 
the amount of wastewater is increasing day by day for its high demand which has a large adverse effect on our environment 
and daily life. Industries are the major consumers of fresh water and so they produce a large amount of industrial effluents. 
Due to the large effluents containing toxic pollutants (e.g., dyes, heavy metals, surfactants, personal care products, pesticides, 
pharmaceuticals) from agricultural, municipal, and industrial resources, water becomes contaminated and its properties like the 
smell, color, COD, BOD, Turbidity, pH, TDS, etc. have been changed drastically. This change in water quality has a great 
effect on human health and the aquatic environment. To maintain the ecological environmental balance and to ensure fresh 
water for living beings, water has to be treated effectively. There are several techniques for the treatment of industrial 
wastewater such as adsorption, coagulation/Flocculation, chemical precipitation, advanced oxidation process, anaerobic system, 
stabilization pond, etc. The selection of treatment procedure varies from one type of industry to another as wastewater contains 
different pollutants. This paper focuses on the characteristics of industrial wastewater, its treatment steps, different treatment 
methods and sludge treatment used in industries for the treatment of effluents. 
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1. Introduction 

With the expansion in the human population, massive 
amounts of wastewater are created every day in the home, 
commercial, and farming sectors. Usually, wastewaters are 
clean water with contaminants. This wastewater gets mixed 
with clean underground water, and the clean water in the 
surface area also gets contaminated. Even though water 
covers more than 70% of the planet, this has resulted in fierce 
competition and unjust distribution of very limited freshwater 
resources among numerous industries. Nearly four billion 
people endure acute water scarcity for at least one month of 
the year, and 2.1 billion people lack access to clean drinking 
water at home. [1] 

Clean water sources are necessary for human beings, and 

domestic and industrial purposes. However, this water 
contamination deprives us of this natural blessing and 
compels us to prepare for a more difficult world. Wastewater 
from different sources (like the leather industry, textile 
industry, paper industry, paint industry, pharmaceutical 
industry, and many others) causes pollution in the 
environment. The increasing pollution demands more water 
and so we have to recycle wastewater as much as possible. 
That’s why we have to find a suitable and efficient way of 
recycling wastewater for our betterment. 

Based on physical (color, odor, turbidity, etc.), chemical 
(VOC, COD, BOD, pH, inorganic and organic ones), and 
biological (estimation of oxygen demand and organic 
pollutants by pathogenic and non-pathogenic microbes) 
characteristics, wastewater is treated in several different ways. 
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Screening, grit chamber, coagulation/flocculation, membrane 
filtration, chemical precipitation, advanced oxidation process, 
anaerobic and aerobic process, disinfection, activated sludge 
process, stabilization pond and many others have been used. 
Although these methods are opening a new door for 
wastewater treatment, they have several disadvantages that 
hinder the way of treatment. These have been highly 
investigated. The treatment process has mainly four steps 
such as- preliminary treatment, primary-treatment, 
secondary-treatment, and tertiary-treatment [2, 3]. 

Sludge removal is a big challenge for industries as it hurts 
the environment at its disposal. However, several processes 
have been introduced for sludge management and its safe 
disposal in the environment. Electro-coagulated sludge was 
produced after using the electrocoagulation (EC) process in 
paper industry wastewater treatment that determines the 
conditions that are optimum based on Physico-chemical 
parameters (COD, color, total organic carbon, and 
chlorophenols (CPs). Study shows that the electro-coagulated 
sludge was used for the reusability for the growth of the plant. 
To assist the physicochemical and elemental phases, it is also 
used for safe disposal employing different techniques [4]. 

Researchers and scientists are focusing on the advanced 
oxidation processes (AOPs) for wastewater treatment in 
recent years. AOPs are a potentially sophisticated technology 
utilized to remove all organic material, harmful pollutants, 
fully or partially degraded organic materials, colors, etc. 
Several attempts have been made over the past two decades 
at wastewater treatment that has emphasized advanced 
oxidation treatment methods. A combination of the advanced 
oxidation process and biological method were widely 
investigated in dye industry wastewater [5]. The 
effectiveness of ozone-based AOPs in industrial effluents 
comprising organics, pharmaceuticals, insecticides, phenols, 
dyes, etc. has been demonstrated. To enhance the 
effectiveness of the treatment procedure, Ozone along with 
H2O2, Ultraviolet Light, catalyst and ultrasound are used to 
increase the hydroxyl radical generation [6]. Due to the 
special characteristics of nanomaterials, AOP and 
nanotechnology are increasingly being used together for the 
treatment of industrial wastewater [7]. Furthermore, because 
of their small size and high surface area, nanoparticles 
exhibit increased reactivity. While this trait has many 
advantages and uses, there may be concerns about 
environmental safety, such as suspended presence in the air 
for a long period of time. The number of contaminants 
caused by human activity that reach the water and 
environment has decreased because of nanotechnology. The 
use of carbon nano-tubes, nano-particles, nano-clays, nano-
photocatalysts, nano-filters, and nano-particles in wastewater 
treatment as well as the use of bio-nano-sensors for rapid 
water pollution detection are among the most effective 
environmental uses of nanotechnology. [8]. 

Biological wastewater treatment is a common and widely 
used method of treatment. Among all biological methods, 

aerobic wastewater treatment is the fastest and most effective 
method of biological waste treatment, removing up to 98 

percent of organic pollutants. Industrial filtration acts as a 
pre-treatment to alleviate waste concentration, improving the 
effectiveness of polishing in other stages of the water 
treatment process. To improve the quality of the wastewater, 
several biological filtration techniques can be considered as 
the secondary treatment process for example- trickling filters, 
rotating biological contactors, fixed bed filters, etc. [9, 10]. 

The possible uses of growing aquatic plants (duckweed, 
water hyacinth, and green algae) for wastewater filtration 
treatment were examined on the laboratory scale. Water 
hyacinth (WH) roots offer aerobic bacteria a favorable 
atmosphere to eliminate a variety of impurities found in 
water and naturally consume pollutants like lead, mercury, 
and strontium90. A study demonstrates a considerable 
reduction in turbidity as a result of the application of water 
hyacinth to eliminate flocs and minimize organic waste. [11]. 
Another study shows higher efficiency in eliminating heavy 
metals when they used water hyacinth and water lettuce for 
30 days [12]. The capacity to remove carbon, nitrogen and 
phosphorus from effluents was established by agro-industries 
in enclosed batch biodegradation testing employing a mixed 
microalgae consortium. [13]. Moreover, sand filtration also 
uses in wastewater treatment. It has been found that slow 
sand filtration is a suitable treatment process as that can 
efficiently remove coliform microorganisms like Giardia, 

Cryptosporidium, etc. from wastewater and turbidity, 
suspended solids, and toxic metals after treatment of the 
water [14]. 

In this paper, a review of industrial wastewater 
characteristics and treatment technics is studied. The type of 
effluent, various conventional and cutting-edge treatment 
technologies, and contemporary approaches to wastewater 
treatment are all discussed in the study. 

2. Importance of Industrial Wastewater 

Treatment 

Unfortunately, wastewater is an unwanted byproduct that 
has been released from different manufacturing companies. It 
is a sophisticated mixture made up mostly of water (almost 
99%), along with organic and inorganic components. 
Depending on the type of processing industry, industrial 
wastewaters (including agro-industrial wastewaters) have 
different compositions. Some of these wastewaters have a 
high organic content, are readily biodegradable, are primarily 
inorganic, or maybe inhibitive. Accordingly, values for BOD, 
COD, and total suspended solids (TSS) may be in the tens of 
thousands of mg/L [3, 15]. Industrial wastewater may 
generally be classified into inorganic and organic industrial 
wastewater. The coal and steel industries, the nonmetallic 
mining industry, and commercial organizations that use a lot 
of suspended materials are the principal producers of 
inorganic industrial wastewater. Pharmaceuticals, cosmetics, 
tanneries and leather manufacturers, textile industries, and 
other significant chemical industries all produce organic 
industrial effluent. [16]. 
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Wastewater discharge directly enters the environment and 
increases innumerable environmental risks. 126 organic and 
inorganic hazardous compounds have been identified and 
recognized by the United Nations Environment Protection 
Agency and have particular discharge limits. The World 
Health Organization (WHO, 1989) also established the 
requirements for wastewater quality before release. In 
addition to the global standards, regional and national laws 
have also been established for European Union (EU) member 
states like Germany, Sweden, and Denmark as well as non-
EU nations like Russia, Belarus, Switzerland, China, the 
United States, Canada, and Dubai. These laws have 
undergone extensive review. [17, 18]. Figure 1 shows the 
water discharge of the industrial effluent into the water body. 

 

Figure 1. Wastewater is Discharged into Water. 

Wastewater typically has dangerous components that need 
to be processed before being discharged into bodies of water. 
Wastewater produces a variety of organic and inorganic 
chemicals, which have negative environmental consequences 
on all types of living creatures. Following are some 
justifications for treating wastewater before emission: [3, 19] 

1) If we decompose the compounds that are organic to 
wastewater, they can produce significant amounts of 
bad-smelling fumes. 

2) Raw wastewater containing organic matter will absorb 
the dissolved oxygen and lead the stream's dissolved 
oxygen level to decline, which will kill fish and have 
other adverse effects. 

3) The wastewater was rich in nutrients that might 
promote the development of aquatic plants and algal 
blooms, which would subsequently eutrophicate lakes 
and streams. 

4) The majority of dangerous or disease-causing 
microorganisms and hazardous substances found in raw 
wastewater are present in the intestinal tract and may 
pollute the surrounding land and water. 

5) Reduction of light penetration caused by turbidity, 
resulting from organic and inorganic particulates, 
results in water clarity losses and reduced 
photosynthesis. 

6) Oxygen is less soluble at temperatures that are 
significantly higher than the surrounding air 

temperature which may result in thermal shock for 
sensitive species. 

7) Materials that are poisonous or inhibitive present in the 
water body may create biases towards a particular 
population in a community while eliminating species 
with less tolerance thus resulting in a loss of 
biodiversity. 

3. Types of Industries Producing 

Wastewater 

Water is used in industries for different types of purposes 
like cleaning, drying, drinking, generation and so on. The 
production of wastewater by these activities comprises many 
toxins that harm the environment and adjacent water sources. 
Effluent quality depends on the types of industries. Heavy 
metals and compounds that are organic or inorganic are 
present in high concentrations in industrial effluents 
including tannery and food processing sector. There are 
numerous factors impacting the variance in wastewater 
properties. In particular, the temperature is the most 
significant component as the reactions of chemical is affected 
by it. Water is typically polluted by industrial pollutants from 
two primary sources those are point and non-point [10, 15]. 

4. Characteristics of Industrial 

Wastewater 

4.1. Physical Characteristics 

4.1.1. Solids 

Organic or inorganic matter can be present in solids. These 
matters could be soluble and insoluble or suspended 
materials that can easily dissolve in water. Another way to 
categorize solids is into volatile and non-volatile (fixed) 
solids. Non-volatile solids do not volatilize until a 
temperature of 600°C, whereas volatile solids do. Typically, 
organic stuff like proteins, lipids and carbohydrates makes up 
volatile solids. The effluent water contains inorganic chlorine 
compounds (chlorate) and organic chlorine compounds 
(dioxins, furans, chlorophenols). Organic chlorinated 
compounds are formed by the chlorination of lignin. Solids 
present in typical wastewater between 40% and 65% are 
suspended. The suspended solids can be found while cooling 
and measuring the residual removed by filtering. Solids that 
are volatile burn off when this residue is ignited. Although 
volatile solids are typically assumed to represent organic 
materials, when the temperature is high certain material does 
not burp up that are volatile and salts that are inorganic does 
break [17, 21, 22]. 

4.1.2. Color 

The general quality of effluent can be measured by color 
and it changed with time. The color gets darkest as time goes 
by. This change happens because of decomposition in an 
anaerobic environment. Wastewater turned light brown when 
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below 6 hours has passed. The water's light color indicates 
some degrees of breakdown. Under an anaerobic 
environment, wastewater that is colored black undergoes a 
large bacterial breakdown. Because of the sulfide 
composition, particularly ferrous sulfide, at the time of 
breakdown, black-colored effluents generate [17, 21, 22]. 

4.1.3. Odor 

The release of bed-smelling materials occurs while 
biological breakdown happens in an anaerobic environment. 
Sulfur products are mostly unpleasant, especially hydrogen 
sulfide which smells like rotten eggs and is the principal 
odorous compound. Other compounds are indol, skatol, 
cadaverine, di-methyl-sulfide, ammonia, alcohols, mercaptan, 
etc. For example, ammonia, sulfur and alcohol produced by 
the food industry's effluent during anaerobic decomposition 
have a foul smell [17, 22]. 

4.1.4. Temperature 

Wastewater has a greater temperature than usual water 
does, due to the activity of industries and various toxins 
present in it. The major treatment processes of wastewater 
including biological depend on temperature as a 
measurement of temperature is crucial. Varying seasons and 
geographical places have different temperatures. Like, 
temperature ranges from 7-18 degrees Celsius in colder parts 
and 13-24 degrees Celsius in warmer locations [22]. 

4.1.5. Turbidity 

Turbidity in wastewater is caused by colloidal material or 
suspended solids. The aquatic environment is affected by 
turbidity. The inhibition of photosynthesis and benthic 
organism activity is caused by the reduced light penetration 
in water. Fish deaths also cause while solids clogged the gill 
part. It acts as a risk factor for the aquatic environment. 
Coagulation and filtration methods can be used for removing 
turbidity [17]. 

Some research work took place in evaluating physical 
properties on various scales. From different sources, 
Sudanese fermentation wastewater was collected molasses, 
separator, filter and wastewater from the main drain well. 
The liquid waste contained between 0.8 and 1% solids where 
between 51 and 75 percent were organic materials. 

Total dissolved solids and suspended solids were found 
higher for molasses about 0.42 × 106 mgL-1 and 22.6 mg-1 
respectively. Besides the temperature turbidity was found 
higher for filter wastewater at about 35°C and 6800 FTU 
respectively. Additionally, it is mentioned that an increase in 
the activity of bacteria happened up to a temperature of 
roughly 60 degrees Celsius. The final color was found blue, 
yellow, and red yellow for four different sources [23]. 

The physical characteristics of wastewater have improved 
after the fabrication of ceramic membranes typed tubular 
when permeability is high. The permeate's turbidity was 
found below 0.1 NTU, and the ceramic membrane's filtration 
process successfully removed 99.8% of the colloids 
responsible for the water's turbidity [24]. Physical properties 
in paper industry wastewater showed 1160-1380mg/l for 

suspended solids, 1043-1293mg/l for total dissolved solids 
before treatment, and 322-505 mg/l for suspended solids, 
807-984 mg/l for total dissolved solids after treatment [25]. 

4.2. Chemical Characteristics 

4.2.1. Inorganic Chemicals 

Ammonia, organic and inorganic phosphorous, sulfate, etc. 
are examples of inorganic compounds. Among these, 
Nitrogen and phosphorous is significant for the growth of 
aquatic plants. The effluent from the pesticides and fertilizers 
industry typically has several amounts of these nutrients. To 
determine if it is appropriate to reuse treated wastewater and 
to control the various treatment procedures, chloride, sulfate, 
pH, and alkalinity are utilized. All living things need trace 
elements including heavy metals (e.g. iron, copper, zinc, and 
cobalt). When present in large amounts, heavy metals like 
arsenic, cadmium, mercury, and chromium have hazardous 
effects. Some of the gases are oxygen, carbon dioxide, 
methane, etc. Aerobic biological processing is impacted by 
dissolved oxygen, whereas anaerobic digesters are impacted 
by methane and carbon dioxide [22]. To remove heavy 
metals like Copper, Cadmium, Zinc, Nickel, and Plumbum 
from seven different industries, the ion-exchange method was 
used and Dowex 50WX8 (H) resin was used as adsorbent. 
The ion-exchange method helps to lower the concentration of 
heavy metals within pH (4-6) which indicate the improved 
quality of the effluent [26]. 

4.2.2. Organic Chemicals 

Organic chemicals are determined by Biological Oxizyn 
Demand (BOD), Chemical Oxygen Demand (COD), and 
Total Organic Carbon (TOC). To determine the organic 
content of wastewater, different tests have been done. The 
testing can be classified between those being used measuring 
trace concentrations ranges 10-12 to 10-0 mg-L and those 
measuring gross concentrations of organic materials more 
than about 1 mg-L. Chemicals that are organic sometimes 
biodegradable which leads to toxicity. Treatment is therefore 
necessary before release. Other harmful organic chemicals 
include phenols, oils and insecticides. A huge amount of 
BOD, COD, sodium, micronutrients and heavy metals are 
being discharged with textile effluent [17, 21, 22, 27]. 

The raw wastewater of the paper industry contains a pH of 
6.8-7.1, while BOD and COD values varied in the range of 
268 to 387 mg-L and 1110 to 1272 mg-L respectively. 

And after the treatment, pH is between 7.1 -7.3, while 
BOD value varied in the range of 176 to 282 mg-L and COD 
is 799 to 1002 mg-L [25]. COD, Ca and Sr were removed by 
electro-coagulation technique combined with the coconut 
husk carbon adsorption process. This treatment resulted in 
52% removal of COD, 88% of calcium, and 72% of 
strontium which will improve the recovery water quality. 
While the adsorption process removes the organic materials, 
heavy metals are also removed by electrocoagulation [28]. 
The photo-oxidation technic (Fenton’s oxidation process) 
was used in wastewater generated from cosmetic production 
in removing the organic materials. With 95.5% of removals, 
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pH level 3 was found to be ideal. This study highly 
recommended Fenton’s oxidation technique for organic 
materials containing effluent treatment [29]. 

4.2.3. Volatile Organic Carbon (VOC) 

Some of the VOCs are benzene, xylenes, toluene etc. 
VOCs are produced by subterranean storage tank leakage, 
inadequately disposed solvents, and landfills that are already 
present in industries. Commonly found soil contaminants are 
these VOCs can be found in industries and commercial 
sectors [22]. The advanced oxidation process that is 
Integrated photocatalytic (TiO2/UV/O3/H2O2) / 
(TiO2/UV/H2O2) is considered an economically reasonable, 
efficient, and fast process in removing volatile organic 
compounds with a significantly low amount of chemicals. 
These technologies are promising for different industries 
containing VOCs at a high rate [30]. 
Aerobic and anoxic biological treatment and BioNET-added 
moving bed bioreactors (MBBR) were used to investigate 
semiconductor industry wastewater containing low and 
highly volatile VOCs. This study shows 81% of COD 
removal in aerobic MBBR for low VOCs and 80% of COD 
removal in anoxic MBBR for high VOC [31]. 

4.3. Biological Characteristics 

The biological characteristics include the estimation of 
pathogenic and non-pathogenic microorganisms, the oxygen 
demand by these microbes, and the level of organic 
pollutants in the industrial wastewater. Diseases caused by 
water for reasons of public health and biological mechanisms 
like bioaccumulation or eutrophication resulting from 
nutrient inputs are two kinds of biological features. 
Organisms like bacteria, and viruses are responsible for 
waterborne diseases. In the 1800s, cholera was among the 

most dangerous diseases, with high mortality rates and 
morbidity rates in the US and certain developing nations. 
Water contamination from nitrogen or phosphorus leads to 
excess biological growth, worsening the quality of water, and 
also has an impact on the growth of aquatic species by 
lowering levels of oxygen. To determine the biological 
characteristics in textile wastewater, a study has found the 
highest value of dissolved oxygen (DO) to be 9.17 mg-l, also 
recorded the lowest value for equalization tank which leads 
to oxygen depletion. E. coli as a biological parameter, shows 
the lowest reading of 60.00 CFU/mL only at the final 
discharge tank, which was detected due to a nearby septic 
tank. These characteristics suggest treatment before the final 
discharge [17, 32]. By lowering BOD, COD, nitrate and 
phosphates’ concentration, turbidity, and pH, gamma 
radiation provides appropriate disinfection and irradiated 
effluent quality improvement [33]. Biological characteristics 
along with chemical characteristics were enhanced after the 
ozonation treatment in coke-oven wastewater. Readily 
degradable contaminants became nearly fully destroyed when 
ozonation progressed through a 0.2 decrease in consumption 
ratio and a 20% increase in TOC removal [34]. 

5. Industrial Wastewater Treatment 

Steps 

As for the environment to be safe, wastewater must be 
properly treated. The removal of solid and innocuous 
particles is the primary goal of purifying wastewater. 

Wastewater treatment is usually classified into 5 steps: 
preliminary treatment, primary-treatment, secondary-
treatment, and tertiary-treatment, and sludge management 
(Figure 2). 

 

Figure 2. Steps of the Industrial Wastewater Treatment. 

Tertiary treatment involves only when there is a 
requirement. Tertiary treatment is rare in developing 
countries. Since industrial wastewater comprises a variety of 
contaminants, each wastewater treatment method has to be 
unique. Industrial wastewater is treated using a unique 
method that is not used to treat municipal effluent. [17, 35]. 

5.1. Preliminary Treatment 

To treat the wastewater pre-treatment is considered the 
first step of treatment. Physical methods are used mainly in 
removing massive waste materials from the effluent. The 
primary purpose of this process is to remove grit and coarse 
particles. Grease, oil, sticks, pieces of wood, and rags are 
additional removable elements that could lead to 
maintenance and operating issues in wastewater treatment 
plants (WTP). Floatation, equalization, neutralization, 
screening, grit chambers, and other processes are frequently 

used in this stage. At first, raw effluent goes for screening 
followed by grit removal in the grit chamber. After that, a 
floating tank is used to remove any remaining greasy matter, 
oil and suspended particles from the effluent. The BOD is 
also reduced by this treatment by 15 to 30 percent. Besides 
the coarse solids’ removal units a flow measurement unit is 
to be found. This often entails the use of a standardized flume 
(such as the Parshall flume) where the flow and the measured 
liquid level may be correlated [2, 17, 35]. 

Pre-treatment stage removal was widely investigated. 
Removal efficiencies of COD, suspended solids, and color 
was determined by the process of coagulation in the 
preliminary treatment stage of paint industry effluent. Alum, 
ferrous chloride and PACI were used at higher concentrations 
and lower concentrations of coagulants were used. In both of 
these results, the efficiency in removing COD decreased by 
10%, and the efficiency in removing color and suspended 
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particles increased [36]. To decrease the heavy metal 
concentration of industrial wastewater from three sources in 
the pre-treatment process, Ultrafiltration (UF) method was 
used. The removal of heavy metal was accelerated after 
adding suitable minerals and dried activated sludge in the UF 
method through the process of adsorption [37]. 

5.2. Primary Treatment 

Removal of settleable organic and inorganic materials is 
the primary goal of this treatment. Additionally eliminated 
are inorganic elements, organic nitrogen and phosphorus, 
floating debris like grease and oil, and heavy metals that are 
present in solids. Physical pollutant removal mechanisms are 
also used in this process such as sedimentation, skimming, 
coagulation, flocculation, etc. To remove the settleable solids, 
in the sedimentation tank the particles are mixed up with 
coagulates to settle and flocculation provides the gentle 
mixing and form flocs. For secondary or biological treatment, 
primary sludge is collected directly from the tank’s bottom. 
TSS, BOD, and oil and grease are removed approximately at 
about 50-70%, 2-50% and 65% respectively during the initial 
treatment. Even after passing the initial phase, sewage does 
have non-coarse suspended particles. The sedimentation 
process can remove these particles in part, which indicates 
the BOD load reduction that is directed to the secondary 
treatment process, where the expense is high in removing 
these materials [17, 35]. 

5.3. Secondary Treatment 

Removal of organic residue, suspended particles and nutrients 
by biological treatment directly from the primary stage is the 
initial focus of this treatment. Organic matter is present in 
wastewater as both soluble BOD and suspended BOD. The 
presence of a certain number and kind of microorganisms is 
only needed in this treatment process that could make happening 
the metabolism of organic materials and also make an efficient 
connection between organic matter and these microorganisms. 
Along with other types of microorganisms, bacteria, fungi and 
protozoa can participate in this procedure. Inorganic materials 
such as carbon dioxide, water and ammonia produce at the time 
of the biological treatment process that uses organic materials as 
food. Additionally, maintaining other beneficial environmental 
factors is required like temperature, pH, etc. The most common 
processes used in the secondary treatment are- the aerobic 
biological treatment process, trickling filtration, stabilization 
pond and some others [17, 35]. Another study found that the 
(dual membrane) UF-RO process improved organic tolerance 

when used to recover secondary treated sewer wastewater from 
industries for industrial application [38]. 

5.4. Tertiary Treatment 

This treatment process removes materials like non-
biodegradable particles, nutrients, suspended solids, and 
organic compounds that in secondary treatment are not 
efficiently removed. Some of those techniques include 
surface and depth filtration, coagulation/flocculation, 
membrane filtration, reverse osmosis process that is used for 
removing ion-dissolved solids to be reduced and so on. 
Membrane bioreactors that are an alternative to the 
traditional activated sludge process require no initial 
treatments before tertiary processing. To treat the untreated 
effluent, it is applied directly in membrane bioreactors. A 
tertiary processing coupled AC adsorption-EO system was 
used for better COD [17, 39, 40]. For tertiary treatments of 
extremely hot secondary wastewater of industries, the 
Moving bed biofilm reactor process gets recognized as a 
successful technique. With the treatment of ammonia, 
treatment reaching 95% effectiveness and concentration of 
wastewater get below 1 mg-l, nitrification was accomplished 
at 35 and 40°C using this approach [41]. 

5.5. Sludge Treatment 

Grit, screened material, scum, and primary, secondary and 
chemical sludge are the principal waste produced during the 
treatment of wastewater. These by-products’ treatment is 
crucial in the treatment of wastewater. Over 95% of the 
sludge is made up of water. Some of these treatment 
processes for wastewater require that such biomass be 
continuously removed. Some of these treatment processes, 
like facultative ponds, may hold sludge for as long as the 
facility is in operation. Other processes, like anaerobic 
reactors, only need periodic withdrawals while still others 
require constant removal. The features of the sludge and how 
it is treated are significantly influenced by the storage 
duration. Table 1 lists the solid waste items produced during 
wastewater treatment along with a brief description. [35]. 

A batch-processing pilot device introduces a new way of 
sludge processing that allows the removal of heavy metal, 
microorganisms’ disinfecting and drying which is energy 
effective at lower pressure and lower temperature [42]. Instead 
of using clay soil, textile waste that is 50% gamma radiated 
can be used as a substitute material, requiring substantially 
lower firing temperatures than the standard technique and also 
lowering the danger of NOXs and SOXs production [43]. 

Table 1. Solid by-products and Treatment Descriptions. 

By-Products Treatment Procedure Description 

Coarse solids Screen 
This process includes both organic and inorganic solids. Manual, as 
well as mechanical removal, can be applied. 

Grit Grit chamber This process includes heavier inorganic solids, fats, and also grease. 

Scum 

1) Grit chamber 
2) Primary and secondary settling tank 
3) Stabilization pond 
4) Anaerobic tank 

Include grease, vegetable and mineral oils, animal fats and similar 
materials. 
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By-Products Treatment Procedure Description 

Primary sludge 
1) Septic tank 
2) Primary settling tank 

Sludge is removed from primary sedimentation tanks, and can have a 
strong odor. 

Non-stabilized aerobic 
biological sludge 

1) Conventional activated sludge 
2) Aerobic biofilm reactors (high rate trickling filter, 

submerged aerated biofilter, rotating biological 
contactor) 

Include biomass of different aerobic microorganisms that are generated 
from the removal of the matter that is organic. If biological solids are 
not stabilized, bad odors can be released during treatment and final 
disposal. 

Aerobic biological 
sludge (stabilized) 

1) Activated sludge – extended aeration 
2) Aerobic biofilm reactors (low-rate trickling filter, 

rotating biological contactor, submerged aerated 
biofilter) 

This biological sludge is composed of aerobic microorganisms. Sludge 
doesn't need a separate digestion stage because it has a high amount of 
inorganic solids and a low level of organic matter. 

Stabilized anaerobic 
biological sludge 

1) Stabilization ponds (anaerobic facultative ponds, 
facultative aerated lagoons) 

2) Anaerobic-reactors (UASB reactors, anaerobic 
filters) 

The organic matter is eliminated by the anaerobic biomass as it 
expands and multiplies. Dead algae and deposited solids from untreated 
sewage are also included in the sludge in stabilization ponds. This 
sludge doesn't need to go through a second digesting stage. 

Chemical-sludge 
1) Chemical deposition in primary settling tanks 
2) Chemically precipitated phosphorus in activated 

sludge 

This sludge is typically developed as a result of chemical precipitation 
using lime or metallic salts. Both odor and decomposition rates are less 
than primary sludge. 

 

Figure 3. Classification of Methods Available for Industrial Wastewater Treatment. 

The main steps include sludge treatment: (1) Thickening: 
removal of water, (2) Stabilization: removal of organic matter, 
(3) Conditioning: Getting ready for dewatering, (4) 
Dewatering: Removing water, (5) Disinfection: Removing 
pathogenic organisms, (6) Final Disposal: where the waste will 
be placed. Every step of the sludge treatment has a specific 
purpose that is determined by the qualities of the produced 
sludge. If the sludge management method doesn’t meet high-
temperature treatment, then the main problem is organic 
contaminates that are quite complicated to determine. To solve 
this problem, analytical technics like gas or liquid 
chromatography and chemical technics can be very essential. 
On the sludge release aspect, further investigation is required 
into the thermal process development with heavy metal 
migration and transformation at the time of treatment. [44, 45]. 

6. Industrial Wastewater Treatment 

Methods 

Typically wastewater treatment is categorized into 3 types: 
physical method, chemical method, and biological method. 
These techniques are used to eliminate solids from 

wastewater, such as colloids, organic material, nutrients, and 
soluble contaminants. Figure 3 summarizes a variety of 
strategies. 

6.1. Physical Methods 

6.1.1. Screening 

Screening is the oldest method and the first stage of 
wastewater treatment. Here, the effluent is cleaned and 
screened to remove any larger materials before being ground 
up, burned, or interred. Gross contaminants are eliminated 
from effluents in this process. Additionally, it keeps 
offensive suspended material out of the initial settling tanks. 
The next step is the removal of the grit. The screens must be 
cleaned either manually or automatically and are positioned 
vertically at 45 to 60 degrees [17, 46]. 

6.1.2. Grit Chamber 

An inorganic matter that is suspended like sand that 
contains gravel, cinder, and other heavy particles, is removed 
using a grit chamber. Grit chambers are cleaned 
mechanically or manually and avoiding any type of machine 
damage is essential. Once a week, manual cleansing is done 
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with a shovel to remove the grit and mechanical cleansing is 
performed by removing the grit chamber's blades [17]. 

6.1.3. Floatation 

Suspended materials, oil and grease matter, fine fibers, 
effluent with heavy metal and anions, and calcium ions are 
removed using a tank following this process. Grease and oils' 
presence in wastewater prevents the solids from settling at 
the time of sedimentation. Forming tiny air bubbles by 
injected air and aeration process helps speed up the process, 
and particles to be easily removed. API separator and CPS 
are used to remove oil globules of size 0.015cm and 0.01 cm 
respectively [17, 46]. 43% of BOD5, 85% of fats and oil and 
88% of COD are typically removed by the natural flotation 
process of industrial wastewater from refined vegetable oils. 
The flotation method enables the removal of 10659 Kg of 
grease per day from wastewater produced during the refining 
of vegetable oils [47]. Coagulation micro-bubble floatation 
showed better results than coagulation conventional air 
bubble flotation for the pretreatment of dyeing wastewater. 
The coagulation micro-bubble floatation process enhanced 
the pretreatment rate by removing oil, a higher oxygen 
transfer rate, and enhancing COD, color [48]. 

6.1.4. Flow Equalization 

The efficiency of secondary and primary wastewater 
treatment procedures is increased by equalization. At the 
time of neutralization, the relative flow and concentrations 
are maintained with help of equalization [17, 46]. Flow 
equalization systems reduce the shock loads. An industrial 
case study investigates equalization systems for multi-
product batch production facilities and shows that a 
combined segregation tank has more production flexibility 
than distributed segregation tanks [49]. 

6.1.5. Neutralization 

Industrial effluent requires to be neutralized because of its 
high pH and concentration of pollutants. Usually, 
equalization is followed by the neutralizing process. Flue gas 
for alkaline wastewater, HCl, or acidic or alkaline flows can 
all be neutralized [17]. Without using any external carbon 
source for highly alkaline wastewater, Exiguobacterium sp. 
and Enterococcus faecalis can be a potential use as it is 
capable of lowering the pH. Exiguobacterium sp. hydrolyzes 
starch, and both aerobic and anaerobic conditions are grown 
at a variety of temperatures like 5 to 40 degrees celsius by it. 
Compared with the traditional chemical neutralization 
technique, Enterococcus faecalis is just as effective, 
affordable, and environmentally friendly because it can 
function when sources of N and C are present [50, 51]. 

6.1.6. Adsorption 

Adsorption is a dependable, economical, and 
environmentally friendly approach to treating wastewater. 
Mass transfer is the actual function of the adsorption process. 
One can remove up to 99.9% of waste by using this process. 
Three types of adsorbents are there: low-cost adsorbent, nano 
adsorbent, and bio adsorbent. Three processes of adsorbate 

migration take place in this process: adsorbate migration to 
the adsorbent's border shell, intraparticle diffusion in pores, 
and solution desorption and adsorption. To determine the 
maximum adsorption capacity of the material, adsorption 
isotherms are utilized [52]. The capacity to lower pH, 
electrical conductivity, TSS, chemical oxygen demand 
(COD), turbidity, and hardness for food industrial effluents 
was demonstrated to be improved by the adsorption method 
using an adsorbent named activated charcoal (powdered) [53]. 
Biochar with effective absorbance capacity demonstrated a 
significant ability to soak up inorganic and organic 
contaminants from effluents. Additionally, biochar highly 
absorbs 80% of the dyes of industries and also lowers the rate 
of bioavailability and toxicity of both organic and inorganic 
contaminants [54]. 

6.1.7. Membrane Filtration 

The benefits of using membrane technology include 
removal of TSS, high disinfecting ability, effective removal 
of organic and nutrient materials, and lower carbon emissions. 
However, designing membranes with adequate thermal 
stability and enhanced performance is still a difficult task. 
Many procedures that the membrane filtration methods fall 
under are listed below: electrodialysis, reverse osmosis, 
micro-filtration, ultra-filtration, and nano-filtration [17, 46, 
52]. After the coagulation/flocculation, a combined 
(ultrafiltration/reverse osmosis) membrane filtration process 
works well for the remaining organic compounds. It removes 
almost organic content from the remaining [55]. 

6.1.8. Sedimentation 

The sedimentation process involves removing the 
settleable solids into a big tank where gravity is used for 
settling them. This process is widely used and it removes 
sand, grit, particulate matter, silt, and clay along with 
contaminants that are biological. To hasten the sedimentation 
process, coagulants like ferric sulfate, liquid alum, and 
aluminum sulfate are added [17, 46]. The sedimentation 
process works well with ultrafiltration where the 
coagulation/flocculation process is attached to it. COD, color, 
percentage of fouling, and turbidity removal is found to be 
the highest for this combined process at 99.9% for turbidity 
and color, 98.5% for COD, and 59.8% for the percentage of 
fouling [56]. 

6.1.9. Coagulation/Flocculation 

Coagulants, which usually have an opposing charge to the 
particles in the effluent, are mixed up for neutralizing particle 
charges. Particles settled down to the bottom after becoming 
attached. In the flocculation process, tiny charged particles 
attach to oppositely charged particles to create flocs through 
a gentle mixture. Commonly used coagulation and 
flocculation additives include iron or aluminum salts, lime 
(Ca(OH)2), FeCl3·7H2O, Fe2(SO4)3·7H2O, Al2(SO4)3·18H2O, 
polymers, activated carbon or silica and talcum. 

For the decolorization of wastewater containing dispersion 
dyes, coagulation/flocculation techniques are adequate. Since 
coagulation/flocculation is a cost-effective method with a 
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short detection time and easy handling, it is frequently used 
in the textile industry to treat wastewater [17, 52]. 
Coagulation with the filtration method shows efficient color, 
BOD, COD, suspended solids, and Cr, Na, and SO4

2- removal 
which are the physicochemical parameters for lather 
industrial effluents [57]. Rice starch as an organic coagulant 
used in agro-industrial wastewater treatment shows 
potentiality in shortening the settling time and removing total 
suspended solids (TSS) by up to 84.1%. Moreover, rice 
starch with alum increases the TSS removal by 88.4% [58]. 

6.2. Chemical Method 

6.2.1. Chemical Precipitation 

Heavy metals react with specific chemical compounds to 
generate precipitates, which is a process that leads to 
precipitation. The resulting precipitates can either be 
discarded or utilized again after being filtered or sedimented 
out of the water [46]. The best precipitating agent (with a 
dosage of 100 mg-l at pH 7.0) is discovered to be a mixture 
of sodium hydroxide and calcium hydroxide, with a 100% 
removal efficiency of total chromium from effluent [59]. 
Heavy metal ions are removed from untreated wastewater 
using calcium hydroxide, however, problems arise when 
heavy metal ions rise from the initial concentration, causing a 
decreased rate of removal. [60]. 

6.2.2. Advanced Oxidation Process 

The following process is regarded as a crucial method for 
treating wastewater. The organic products or dyes in textile 
effluents may completely or partially degrade with the help 
of this method. Oxidation may involve electrochemical, 
photo-electrochemical, Fenton’s, and ozonation processes 
described below [46, 52]. Electrochemical oxidation is used 
in actual textile industrial wastewater treatment with graphite 
electrodes, which concurrently reduce particular consumption 
of energy, and improve COD and color removal efficiency. 
Sludge and scum generated from this process are used as fuel 
[61]. The combination treatment of Thiobacillus ferrooxidans 
(aerobic) and Fenton’s oxidation also show the maximum 
effect on COD and BODs’ reduction, sulfide, color and total 
chromium than the alone treatment of aerobic or oxidation 
process [62]. 

(i). Electrochemical Oxidation 

For the removal of dye, the electrochemical advanced 
oxidation processes (EAOPs) successfully emerged as a 
promising and sustainable method. As the electrons are 
inherently clean species, no supplementary procedure (e.g., 
high pressure, high temperature) is required for the removal 
of dye sludge. But it has low selectivity and low reaction 
rates. The increasing energy cost with comparatively lower 
oxidation efficiencies is the main challenge that obstructs the 
EAOP process where the pollutants are strongly bounded to 
the adsorbents. 

(ii). Photo-Electrochemical Oxidation 

AOPs that use OH-based electrochemical processes (e. g. 
hydroxyl (•OH) radicals), are becoming more and more 

crucial for achieving high removal efficiency and pollutant 
degradation. 

(iii). Fenton’s Oxidation 

Free radicals (e. g. hydroxyl radicals) with greater 
oxidation potential are produced by this process. Fenton's 

oxidation is regarded as being the most useful and cutting-
edge water treatment technique out of all the oxidation 

processes. To produce powerful oxidizing agents (hydroxyl 
radicals), FeSO4 and H2O2 are used in this process. 
Numerous flocs of varying sizes have been observed for their 
development during the Fenton oxidation process. 

(iv). Ozonation 

Ozone is a powerful agent that interacts chemically with 
both organic and inorganic substances. At a specific pH, the 
ozonation procedure might be regarded as an AOP. Two 
reactions in ozonation are taken into account when pH is a 
factor: the direct and the indirect pathway. This process can 
treat a wide variety of contaminates but still a controlled pH 
medium is required to make its performance better. 

6.3. Biological Method 

6.3.1. Disinfection 

Preventing the development or destruction the microbes is 
the primary aim of this procedure. This procedure inactivates 
the microbes utilizing physical, chemical and biological 
methods. The four most frequently employed methods of 
disinfection are Physical agents, Mechanical methods, 
Radiation, primarily gamma rays, and finally Chemical 
agents. [46]. 

6.3.2. Dechlorination 

This procedure involves removing the free and complete 
mixed chlorine residual from the effluent of chlorinated 
wastewater. Dechlorination is accomplished with activated 
carbon or by adding a reducing agent like sodium sulfite, 
sodium metabisulfite, or sulfur dioxide [46]. 

6.3.3. Suspended Growth 

In this process, microorganisms are maintained with liquid 
in the batch reactor in suspension mode. Both aerobic and 
anaerobic circumstances are permitted for the operation of 
this liquid. ASS is a plug-flow, total mix, and sequencing 
batch reactor process that is commonly used in treating 
wastewater. sequencing batch reactor requires only clarifiers 
but plug-flow and total mix activated sludge requires both 
clarifiers and return activated sludge system. [15, 63]. A 
suspended growth bioreactor (i-SGBR) with aerobic, anoxic, 
and anaerobic digester has achieved effective removal of 
Total COD, BOD5, TSS, and simultaneous sludge 
degradation [64]. 

6.3.4. Attached Growth 

Microorganisms grow attached to inert surfaces like rocks, 
in this growth process, which makes microorganisms enable 
in producing biofilm containing extracellular polymeric 
compounds. Biofilm-covered bioreactors have higher 
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biomass concentrations and more active metabolic processes. 
Different types of bacteria, fungi, algae, and yeast create tiny 
colony clusters in biofilms, which are made of an 
extracellular polymeric substances (EPS) matrix that 
resembles glue. Extracellular polymeric substances play a 
great role in enhancing the mechanical and chemical stability 
of the biofilm and defending against various physio-chemical 
stresses [15, 63]. A submerged attached growth bioreactor is 
used in removing isobutanol, ethylene and propylene glycol 
in the paint industry, and maximum removal efficiency is 
found to be 97% [65]. 

6.3.5. Hybrid System 

The hybrid system combines the processes of attached and 
suspended growth in fixed-bed biofilters. Aeration or 
mechanical mixing keeps a carrier material in suspension in 
the moving bed reactor. [63]. A hybrid process which 
includes the process of adsorption, electrocoagulation, and 
photo Fenton, shows greater removal in TOC, COD, turbidity, 
color and suspended solids than the sole treatment of 
electrocoagulation and adsorption [66]. Other hybrid 
approaches enhanced the quick deterioration of color, COD, 
phenolic compounds concentration, chloride, and ammonia 
using ozone-based advanced oxidation (with H2O2 and 
activated char). [67]. 

6.3.6. Activated Sludge Process 

This process has several variants but the main ones are 
classified according to three categories such as sludge age, 
flow, and treatment technics. To do the post-treatment of 
wastewater received from anaerobic reactors, those 
mentioned methods are used. The anaerobic reactor thus 
replaces the primary sedimentation tanks (if any are present), 
and the extra sludge is sent back to thicken and digest. 
Among all, the main systems are sequencing batch reactors, 
traditional activated sludge, N and P removal activated 
sludge and extended aeration [35]. When the adsorption 
process with powdered activated carbon (PAC) is attached to 
the activated sludge (AS) biodegradation process, it worked 
well in removing COD and TOS from wastewater [68]. 

6.3.7. Sequencing Batch Reactor (SBR) 

The SBR is a batch fill-and-draw system. Because of its 
excellent BOD, COD, and suspended particle removal 
performance, it has been used for the treatment of wastewater 
from the industrial and municipal sectors. Microalgal 
bacterial (MaB) flocs developed in sequencing batch reactors 
provide a cutting-edge method for treating industrial effluent. 
the recovery of High biomass was achieved after Microalgal 
bacterial flocs were effectively dewatered using a 200lm 
pore-sized filter press. The efficient removal rate of various 
nutrients and higher production of Microalgal bacterial flocs 
(0.14 - 0.26gm of TSS per day) was observed through this 
process. This study recommended this process for 
aquaculture and food-processing wastewater [69]. 

6.3.8. Anaerobic System 

There are many variants of anaerobic systems named 

Upflow anaerobic sludge blanket reactor (UASB), anaerobic 
reactor and others [35]. Up-flowing of an anaerobic sludge 
blanket where reactor non-granular anaerobically digested 
sewage sludge is seeded with that achieved maximum COD 
removal efficiency. At room temperature, this effluent could 
be processed with a maximum input of 16g COD/L. [70]. 

6.3.9. Stabilization Pond 

There are many variants of stabilization ponds named 
maturation ponds, facultative ponds, facultative aerated 
lagoons and some others [35]. In removing phenol with 10 
days retention time, the facultative stabilization pond 
demonstrated higher efficacy in removing phenol and carbon. 
But phenol concentration at 300mg/L showed minimum 
removal efficiency [71]. 

6.3.10. Aerobic Biofilm Reactor 

To support the aerobic biofilm reactors, biofilm binds to 
the medium. There are many types of aerobic biofilm 
reactors named high-rate and low-rate trickling filters, 
aerobic moving bed biofilm reactors, rotating biological 
contactors, etc. [35]. In comparison with an anoxic system, a 
moving bed-biofilm reactor (MBBR) that is aerobic, has 
exhibited more equitable bacterial group distribution [72]. 

7. Biological Filtration Technology 

The biological filtration method is employed as a 
secondary treatment technology for enhancing specific types 
of wastewater. Some biological filtration methods are 
trickling filters, moving bed biofilm reactors, rotating 
biological contactors, fixed bed filters and many others. 
Biological filtration technology is efficient for the treatment 
of wastewater with low strength rates that is weak. 
Wastewaters are strong with large quantities of organic 
material, nitrogen, heavy metal, oil, phenols, and grease, as 
well as a poor biodegradability ratio, these procedures are 
ineffective to them [10]. 

The combined bio-filtration processes with Eichornia 

crassipes and Lemna minor with the ozonation process 
significantly remove poisonous heavy metals at a high rate 
and improve the value of BDOC in secondary industrial 
effluent. This study also recommended this combined process 
to treat the wastewater that is compounded with sewage [73]. 

8. Nanotechnology 

In recent years, Potential pollutant removal candidates 
include nanomaterials. Some technologies available are: 
metal and metal oxide nanoparticles (e. g. titanium dioxide, 
silver nanoparticles, iron nanoparticles, TiO2 Nanoparticles, 
iron oxide nanoparticles), carbon-based nano adsorbents 
(carbon nanotubes, graphene-based materials), nanomaterial-
based membrane processes (nanofiber membranes, 
nanocomposite membranes) are used to remove pollutants 
[74]. Nanotechnology produces materials, structures, gadgets, 
and systems through the modification, regulation and 
integration of atoms and molecules just at the nanoscale. This 
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is possible since nanomaterials are small, highly reactive, 
more accurate, and most importantly, environmentally 
friendly methods can be used to produce nanoparticles and 
these methods are sufficiently economical. 

Three types of nanotechnology are introduced as 
promising technologies: (i) Photocatalysis (ii) Nanofiltration 
(iii) Nano-adsorbents [75]. Nanomaterial technology is used 
in removing dyes, pesticides, heavy metals etc. Recent 
studies are focusing on removing heavy metals like lead, and 
copper like influential metals by using nanomaterials. 
Reusing nano adsorbents and recovering components from a 
liquid dissolution are extremely challenging and could harm 
the environment as the compounds stay in the absorbed 
position. Due to cost and general health issues, continuous 
chemical use is made possible by nanotechnology's essential 
qualities of nanomaterial retention and re-utilization through 
membrane filtration [76]. 

9. Polypropylene Fiber 

Polypropylene fiber is among the frequently utilized 
polyamide fibers for building filtration modules. in recent, 
Flexible fiber filters have been developed and used to treat 
wastewater. To assess their suitability as filter media, 
polypropylene fibers were studied [77, 78]. Polypropylene 
nanofibers are used to make a nanofibrous membrane with 
high efficiency was found to be more promising than the 
conventional PP fibrous membrane in textile wastewater 
treatment. Characteristics of pore and surface were shown to 
be significantly influenced by the fiber diameter in PP 
fibrous membrane [79]. Furthermore, nonwoven 
polyethylene/ Polypropylene fibers with plasma-coated are 
also used medium for decolorization that achieves a 
decolorization efficiency of 39.8% [80]. 

10. Conclusion 

Wastewater treatment technologies are an important 
concept and challenging task to manage the resources of 
water. For a particular industrial wastewater treatment 
application, there are many treatment facilities and 
technologies. Different approaches have been introduced by 
researchers in recent years. Several combined processes have 
been introduced for different types of industries. Also, 
treatment with nanotechnology and biological filtration with 
selective aquatic plants have been growing interest. The 
treatment plants established in industrial settings are 
determined by the properties of the produced wastewater. 
The specific treatment technics help in reducing the 
pollutants of different industries. Although the installation of 
water treatment plants in industries, the effect cannot be 
lessened as expected as some treatment technologies are 
costly, time-consuming, and not reliable to operate. With 
these prospects, more advanced, safe, and cost-effective 
technologies are needed to discover for the sake of health and 
environmental safety, and also to assure the quality and 
performance of the treatment plants. 
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