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1 General 
Introduction  
of Industries  

Industrialization, although it plays a vital role in the development and establish-
ment of a country’s economy, has now become the major source of environmental 
pollution throughout the world. Nowadays, the major concern of the researchers 
and scientists dealing the preservation problems is the waste discharge from var-
ious industries, since they consist of a variety of pollutants (organic and inorganic) 
and highly toxic heavy metals. These toxic pollutants cause severe water and soil 
pollution. If, by chance, it reaches humans and animals through accumulation, it 
can cause numerous fatal diseases such as delayed nervous disorders, neurological 
disorders, mutagenic changes, cancer, etc. Treatment of discharged wastewater is 
essential for environmental as well as human safety. There are various treatment 
processes such as physical, chemical, and biological methods that have been re-
ported with regards to discharge of industrial effluents into the environment. The 
main problem with the physico-chemical treatment processes, aside from its ex-
cessive cost, are the large amount of sludge generated which acts as secondary 
pollutant. Biological processes—being of simple structural set-up—are cost- 
effective, easy to operate, has extensive application and diverse metabolic path-
ways, environmental-friendly with the versatility of microorganisms, and has less 
production of sludge in comparison to physico-chemical methods. Based on these 
advantages, biological methods using microbes are becoming extremely popular 
among various existing industrial wastewater treatment processes. 

1.1 TYPES OF INDUSTRIAL EFFLUENTS 
AND THEIR CHARACTERISTICS 

The types of industrial wastewaters are described based on their source of 
industrial origin,—tannery, textile, distillery, pulp and paper, electroplating, 
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iron and steel mine, pharmaceuticals, etc. Each industry discharges a different 
type of pollutant or contaminant with the wastewaters into the environment. 
The textile industry releases various coloring dyes and other toxic organic and 
inorganic pollutants along with wastewater (Ahmad et al., 2020). Similarly, 
petrochemical industries release mineral oils and phenols; pulp and paper in-
dustries release chlorine-based substances, suspended solids, and organic ma-
terials. Like this, various industries release other types of pollutants; therefore, 
specific treatment must be designed for a particular type of pollutant produced 
in the wastewater (Singh et al., 2016). Different industrial sectors and their 
released pollutants have been described in Table 1.1. Usually, industrial 
effluents are categorized into two types: organic and inorganic. 

1.1.1 Organic Industrial Effluent 

Large-scale chemical industries that use organic substances for chemical re-
actions have been categorized under organic industrial effluents. These or-
ganic pollutants can be removed through pre-treatment of the wastewater with 
a combination of biological treatment methods. Most of the organic pollutants 
in the wastewater are produced from tannery or leather industries, textile 
industries, paper and cellulose producing factories, oil refineries, pharma-
ceutical industries, metal processing factories, etc. The production of wastes 
from these industries comes from the different use of raw materials, their 
working methods, and generated waste products. Due to various product 
manufacturing in the same industry, it gives rise to pollutants from different 
production processes. The wastewater generated has low BOD5 concentration 
with high COD concentration, and their ratio is lower than 30%, showing 
poor biodegradability of wastewater. Some effluents show high pH with lousy 
odor and color. Thus, various treatment processes are required at different 
stages of industrial product manufacture. 

1.1.2 Inorganic Industrial Effluent 

These types of wastewaters are produced from industries like coal and steel, 
non-metallic mineral, iron, and electroplating, etc. The effluents generated 
consist of massive quantities of suspended materials that are eradicated 
through a combination of sedimentation and chemical flocculation treatment 
process with the addition of aluminum or iron salts. The wastewaters with 
dissolved and undissolved inorganic substances come from the release of 
dust-laden wastes from aluminum works, blast furnaces, converters, cupola 
furnaces, trash, and slurry incineration plants. Approximately 2 m3 tons of 
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water is required during pre-cooling and subsequent purification of blast 
furnace gases. During this process, water in the gas cooler absorbs fine par-
ticles of coke, iron, and more along with some metals which don’t get settle 
down and are washed out with the water. Other types of wastewaters, like the 
ones from rolling mills, contain mineral oils that require additional setup of 
scum boards to skim-off their preservation and removal from discharged 
effluents. The non-metallic mineral and metal processing plants should treat 
and purify their effluents before its release into municipal wastewater systems 
in acquiescence with local regulations. 

TABLE 1.1 Industrial sectors and their water pollutants     

S. 
no. 

Industrial sectors Water pollutants  

1. Chemical Industry High COD, heavy metals, organic chemicals, 
cyanide, suspended solids, etc. 

2. Distillery Industry High BOD & COD, high suspended solids, 
melanoidins, chemicals, organic and 
inorganic materials, etc. 

3. Food Industry High suspended solids, organic materials, 
sulfides, mineral oil, mercaptans, emulsified 
fat, chemicals, amines, etc. 

4. Iron and Steel Industry High BOD & COD, metals, oil, acids, cyanide, 
phenols, etc. 

5. Mining Acids, metals, suspended solids, salts, etc. 
6. Micro-electronics Organic chemicals, high COD, electronic waste 

products, etc. 
7. Non-ferrous metals Fluorine, suspended solids, etc. 
8. Petrochemicals High BOD and COD range, chromium, mineral 

oil, phenols, etc. 
9. Pharmaceuticals Chemicals, natural and synthetic solvents, 

organic wastes, High COD, low BOD, etc. 
10. Pulp and Paper Chloride organics, dioxins, suspended solids, 

organic materials or wastes, SO2 etc. 
11. Tannery Industry High BOD, suspended and dissolved solids, 

chromium, sulfates, high chloride, emulsified 
fat, etc. 

12. Textile Industry High BOD & COD, variety of synthetic dyes, 
metals, organic and inorganic chemicals, 
suspended as well as dissolved solids, etc.   
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1.2 CHARACTERISTICS OF INDUSTRIAL 
EFFLUENTS 

The characteristics of wastewater discharge depend on the different produc-
tion processes, raw materials, and value of the product of the industries that 
discharge them. The industrial effluents are mainly characterized based on the 
high level of BOD, COD, TDS, TSS, various toxic metals, presence of a 
variety of organic and inorganic pollutants such as lignin, melanoidins, dyes, 
PHAs, etc. These characteristics (physical, chemical, and biological) of 
wastewaters will be described in this section. 

1.2.1 Physical Characteristics 

The flavor or aesthetic adequacy of the water for personal, agricultural, and 
domestic purposes are included under physical characteristics of effluents, 
and usually respond to the sense of smell, sight, taste, or touch. Some of these 
characteristics are color, odor, temperature, and solid contents, which will be 
described below. 

1.2.1.1 Color 

The universal condition for determining any industrial wastewaters is its color 
immediately after being discharged from any industry. If the color of the 
wastewater is light brown, it means that it has been discharged before six 
hours. Wastewater from light to medium grey shows that wastewater has 
undergone some process of decomposition or has been in the collection tank 
for a long time; dark grey or black color shows that it has extensively un-
dergone a bacterial decomposition process under aerobic conditions. The 
black color of the wastewater is associated with sulfide formations—mostly 
ferrous sulfide—that result due to the production of hydrogen sulfide under 
anaerobic conditions in combination with divalent metals. 

1.2.1.2 Odor 

The odor from the wastewater determines its degree of treatment and is parti-
cularly important. When compared, the odor of the freshwater is not as strong as 
the industrial wastewaters. The different pungent odors such as ammonia, amines, 
fermentation, H2S, sulfides, etc., are produced due to decomposition, as these 
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wastewaters are generated from different industries such as food, textile, distillery, 
rubber, pulp and paper, tannery, pharmaceuticals, etc. (Brault and Degrement, 
1991). The successive dilutions of the samples quantify odor and is done until 
there is no significant difference when compared with odor-free fresh water. 

1.2.1.3 Temperature 

The temperature of industrial wastewater is comparatively higher than that of 
regular water. It is also established that the temperature of the industrial 
wastewater varies with the topographical locations of the industries. 
According to Crites and Tchobanoglous (1998), in colder regions, the tem-
perature of the wastewaters varies from 7 to 18 °C, while in warmer regions, 
it varies from 13 to 30 °C. Before subjecting to any treatment, the temperature 
of the wastewater should be measured since most treatment methods are 
temperature dependent. 

1.2.1.4 Solid Contents 

The total aggregate of soluble and insoluble materials in industrial waste-
waters is considered as solid content. In most industrial wastewaters, the 
average discharge of 40–65% are the suspended solids (Crites and 
Tchobanoglous, 1998). The solids have been categorized into volatile 
solids—which easily get vaporized at hot temperatures of 600 °C—and fixed 
solids that do not get vaporized at any temperature. Volatile solids are usually 
assumed to be both organic matter—comprised mainly of carbohydrates, fats, 
and proteins that break at high temperatures but do not easily burn—and 
inorganic salts that break down at high temperatures. 

1.2.2 Chemical Characteristics 

The chemical characteristics of the industrial wastewaters depend on the raw 
materials, chemicals, procedures, and products. The wastewater's chemical 
natures are analyzed through principal chemical tests, which are based on free 
ammonia, organic and inorganic phosphorus, organic nitrogen, nitrates, and 
nitrites. The discharged wastewater consists of an elevated level of toxic 
metals, recalcitrant compounds, nutrients, organic and inorganic materials, 
etc. The heavy metals discharged along with the wastewater can produce toxic 
effects on the ecosystem; therefore, it is crucial to determine and evaluate 
their amount in the treated effluent. Other heavy metals such as chromium, 
arsenic, mercury, cadmium, etc., are considered as priority pollutants and 
must be removed from the effluent before its discharge into the environment 
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(Hare et al., 2019, 2020). Two nutrients—nitrogen and phosphorus—are re-
sponsible for the growth of aquatic plants, so their level should be monitored 
in the treated wastewater before their discharge into any body of water (Rein, 
2005). The most common soil pollutants in industrialized wastewater are 
volatile organic compounds, which include toluene, xylenes, benzene, di-
chloromethane, trichloroethane, and trichloroethylene. However, there are 
other organic compounds that are now included in the list of priority pollu-
tants like PCBs, acetaldehyde, formaldehyde, 1,2-dichloroethane, hexa-
chlorobenzene, etc. (Bond and Straub, 1974). 

1.2.3 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. The measurement of 
oxygen demand—aerobic and anaerobic bacteria, fungi, actinomycetes, 
viruses, and yeasts—is done in terms of biological oxygen demand or che-
mical oxygen demand. 

1.3 WASTEWATER-PRODUCING 
INDUSTRIES 

Industrial sources are the primary cause for the generation of toxic contaminants 
into aquatic wastewater systems. There are millions of industries, mills, and 
factories that discharge of toxic and hazardous pollutants all around the world 
(Dsikowitzky and Schwarzbauer, 2013) without treatment. Industrial wastes are 
categorized into biodegradable and non-biodegradable wastes—which are com-
posed of organic and inorganic chemicals, corrosives, toxic liquids and solids, 
pesticides, hazardous metals, etc. which are generated from some of the in-
dustries described below. 

1.3.1 Wastewater Produced from Tannery 
Industry 

The tannery industry, which has been now labeled as “red category industry,” 
is the biggest producer of leather—and has one of the most contaminated 
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wastewaters. This industry has been the oldest when it comes to producing 
valuable leather items by using raw skin and hides, but their process utilizes 
large volumes of fresh water (i.e., ~35-40 L), most of which are discharged as 
wastewater containing pollutants (Chowdhary et al., 2013). The processing of 
raw skins and hides involves several steps and releases water with different 
hides, chemical, and mechanical methods used during the tanning process. 
The percentage of the wastewaters released during tanning processes are 
given as below:  

• Bark tanning: 2.0%  
• Chrome tanning: 2.0%  
• Liming: 17.5%  
• Plumping and bating: 19.0%  
• Rinsing: 5.5%  
• Soaking and washing: 22.5%  
• Washing and drumming: 31.5% 

After processing, the wastewaters released have high concentrations of COD 
(1,500–2,500 mg/L), high chlorine content (5 g/L) with acidic pH, emulsified 
fat, high settleable substances (10–20 g/L) with foam forming tendency. 
Along with this, wastewater also consists of chlorides, sulfates, colored 
complexes, toxic metals (chromium), and many other pollutants that are toxic 
to the ecosystem and health. 

1.3.2 Wastewater Produced from the Textile 
Industry 

Textile industries are the largest consumer of fresh water at ~30–50 L/kg 
during processing methods. Using several types of dyes, pigments, and var-
ious organic and inorganic chemicals that are discharged as pollutants after 
processing, it creates a vast environmental pollution problem. During the 
manufacturing of textile products, it is estimated that ~700,000 tons of nu-
merous kinds of dyes—as well as 8,000 or more types of chemicals—are used 
in clothing, dying, and textile industries (Mani and Bharagava, 2016). The 
wastewaters generated during the processing from these industries are very 
dark in color, comprised of chlorine residues, dioxins, toxic heavy metals, and 
reactive dyes, pesticides, persistent organic pollutants (POP’s), etc. 
(Zollinger, 1987). The dark color of the textile industrial wastewater is due to 
the extensive utilization of pigmented raw materials and dyes, and effluents 
have high BOD and total dissolved solids. When these toxic effluents are 
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directly discharged into the environment without proper treatment, it can 
cause worsening of freshwater bodies as well as soil properties, which could 
be very harmful to animals, plants, and mankind. 

The World Health Organization (WHO) approximated that 1–20% of total 
industrial wastewaters containing toxic and hazardous organic and inorganic 
wastes from textile industries cause significant environmental contamination 
and pollution (HSRC, 2005). In textile industries, 60–70% of the synthetic dyes 
utilized are being used as a regular dyestuff, which is highly toxic and ex-
ceedingly difficult to decolorize as well as degrade because of their 
complex structures. Some of these synthetic dyes and their intermediate 
compounds—which are mutagenic and carcinogenic in nature—are aromatic 
compounds, benzidine, naphthalene, etc. These compounds cause deleterious 
effects on humans, crops, and photosynthetic entities (Anjaneyulu et al., 2005). 

1.3.3 Wastewater Produced from the 
Pharmaceutical Industry 

The quality of wastewater generated from pharmaceutical industries and 
companies depends on the raw materials utilized for production and post- 
production. The characteristics of the effluents vary from other industrial 
wastewaters as most of the products are manufactured in the same pharma-
ceutical plant at the same time. Therefore, the effluent generated is from 
diverse manufacturing zones. At a large scale, it is usual that along with the 
desired pharmaceutical manufactured products, several other chemical pro-
ducts can be yielded that include extracted residues of synthetic or natural 
solvents, various poisonous and hazardous substances, organic and inorganic 
compounds, dyes, recalcitrant heavy metals, etc. The wastewaters generated 
from pharmaceutical industries, if not appropriately treated, can lead to ex-
ceedingly high COD concentration (i.e., ~5000–15,000 mg/L) and low BOD5 

concentrations. The ration of BOD5 to COD is lower than 30%, depicting the 
low biodegradability of the wastewater. This type of wastewater has a pow-
erful odor with an extreme pH level and needs a strong treatment followed by 
biological treatments for an exceedingly long time. 

1.3.4 Wastewater Produced from Distillery 
Industry 

Alcohols are widely used in the production of cosmetics, chemicals, food, 
pharmaceuticals, perfume industries, etc., and has led to an increased 
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establishment of alcohol-producing industries. Distillery industries pro-
duce ~8–15 L of wastewater per total liquor produced. In India, ~300 
molasses-based industries have been reported, which produces ~40 billion 
liters of effluents annually. Since molasses are cheap, they are used as raw 
materials in most alcohol-producing industries, and the waste generated 
from these is known as a molasses-spent wash (MSW). MSW consists of 
melanoidins—a complex polymeric compound distributing a deep brown 
color to the wastewaters generated (Chowdhary et al., 2018a, b, 2020b, c). 
MSW has high concentrations of chemical oxygen demand COD 
(80,000–160,000 mg/L), mineral salts, phenols, organic compounds, low 
pH (3.7–4.5), dissolved solids, and low rate of biodegradability—which is 
a serious environmental problem. Melanoidins released along with the 
wastewaters are very toxic in nature, which leads to high levels of soil 
pollution in agricultural lands by causing manganese deficiency, reduction 
in soil alkalinity, inhibition in seed germination, and ultimately damaging 
the crops (Boudh et al., 2020). When these wastewaters are released in 
freshwater bodies, they cause eutrophication, acidification, and even in-
terrupts the photosynthetic activities of the aquatic flora and fauna 
(Chowdhary et al., 2017c). The large generation of toxic and recalcitrant 
compounds containing wastewaters into the environment shows lethal 
effects on soil microbial communities as well as on aquatic microorgan-
isms and animals (Pant and Adholeya, 2007b). 

1.3.5 Wastewater Produced from the Brewery 
Industry 

One of the grains used in the brewery industry is barley, which is used to 
brew beer with oats, rice, wheat, rye, and millet. Production of beer in-
volves three steps: malt preparation from barley, wort preparation, and 
finally, fermentation by adding yeast. These processes are involved in the 
production of wastewaters, which are generated while washing and 
cleaning the barley, machines, filters, and containers like barrels and 
bottles. The wastewaters generated are high in detergents and suspended 
solids, while other parts of the wastewaters are due to the fermentation 
process—which has high concentrations of both BOD5 and COD due to 
soluble and insoluble organic compounds. It is reported that the con-
centration of brewery wastewater is three to four times higher than sewage 
wastewaters; however, no toxic substances are found in the brewery 
wastewaters. Other organic compounds reported in wastewater are found 
to be biodegradable. Therefore, after removing the suspended solids 
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through anaerobic biological treatment processes, the concentration of 
organic substances is automatically reduced. Finally, the quality of the 
wastewaters discharged can match the standards by following the aerobic 
biological treatment methods. 

1.3.6 Wastewater Produced from Pulp and 
Paper Industry 

Pulp and paper industrial effluents are rich in Recalcitrant Organic 
Pollutants (ROPs) because of the utilization of different chemicals during 
processing, causing a serious threat to our environment. The high amount 
of water (~4000–12,000 gal per tons of pulp) as well as high energy is 
required during the processing steps—out of which, ~75% of water is re-
fluxed as wastewater (Ince et al., 2011). The production of paper takes 
place with two main steps: one is pulping and the other is bleaching; the 
pulping phase is the major source of toxic pollutants. The effluents gen-
erated from these industries consist of remarkably high concentrations of 
toxic and recalcitrant pollutants, which are continuously being released into 
the environment every year without proper treatment. The effluent consists 
of high concentration of salts and acids (calcium, carbonates, so-
dium, sulfide, Na(OH), Na2CO3, Ca(OH)2, Na2S, HCl, HNO3, H2SO4), 
chlorinated organic and inorganic compounds, nutrients, heavy metals, and 
various gases including NOx—which are emitted into the air, con-
taminating the soil, air, and water ecosystems. These pollutants are accu-
mulated into our food chain, which is difficult to degrade due to their 
reactivity and structure complexity. These can cause severe neural im-
pairments, cancer, and physiological health problems that is of significant 
concern for our society (Ince et al., 2011). 

1.4 MAJOR POLLUTANTS IN INDUSTRIAL 
WASTEWATERS 

The characteristics of the wastewaters released depend on the nature, 
amount of water, and chemicals utilized during the different manufacturing 
processes of different industries. The wastewaters released from different 
industries are highly composite in nature, consisting of a variety of organic 
and inorganic recalcitrant compounds, toxic heavy metals, dissolved, and 
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suspended solids. Most of the industries use an assortment of chemicals at 
different processing stages such as bleaching agents, chlorides, chlorinated 
compounds, dye kinds of stuff, finishing chemicals, phenolic compounds, 
hypochlorite, organic and inorganic compounds, various metal salts such as 
Cr, Cu, Hg, Ni, Zn, etc. (Dey and Islam, 2015). Among the harmful com-
pounds used in industries, phenolic compounds give unpleasant odor due to 
the frequency and toxicity generated. Another is chlorophenols, which is 
widely used as a preservative in leather, textiles, and wood industries be-
cause of their biocidal agent; it was reported to be toxic to the terrestrial 
ecosystem and can cause mutation. Persistent Organic Pollutants, popularly 
known as POPs, are organic compounds produced through human activities. 
They are difficult to degrade and are quickly accumulating in our food 
chain. These compounds were produced for industrial processes, such as 
coolants for paints and electrical transformers, sealants for plasticizers and 
woods, and as dielectric fluids. Their toxicity and accumulation in our food 
chain has posed a severe threat to our ecosystem. 

One of the potent pollutants identified in industrial wastewaters is in-
organic salts, which are usually used as preservatives and therapeutic agents. 
Ammonia is a product of an organic nitrogenous waste obtained after their 
decay; its presence indicates the existence of organic wastes. According to the 
survey, it is estimated that from all salts used as preservatives and therapeutic 
agents, ~60% are total chlorides which, when released along with the ef-
fluents, might affect aquatic plants and certain species of animals. Chlorides 
released with industrial effluents are measured in terms of total dissolved 
solids (TDS), which subsidize the salinity with discharged wastewater. 
Another inorganic class discharged with wastewater is cyanide ions, which 
has a strong binding capacity with metal ions and has been extensively used 
for metal cleaning and electroplating in metal processing industries. It has 
also been found as the primary pollutant in the wastewaters discharged from 
gas and coke oven industries, in the form of gas and coke scrubber. The 
combination of sulfate and sulfide compounds causes severe health hazards 
and destructive environmental impacts. Hydrogen sulfide gas, which is 
formed due to oxygen deficiency in the existence of sulfates and some organic 
materials, results in cellular anoxia or hypoxia by inhibiting cytochrome 
oxidation and other oxidative enzyme activity. Dyes that are released along 
with wastewaters are intricately linked with toxicity and appeal of the dis-
charged wastewater due to its residual color. Since these dyes preserve their 
color and structural makeup upon exposure to soil, sunlight, and micro-
organisms, it reveals their high resistance capacity against microbial de-
gradation. Most of the dyes released in wastewaters belong to the class of azo 
dyes—which, under anoxic conditions, voluntarily gets converted into ha-
zardous aromatic amines. 
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The day by day increase in the establishment of industries has amplified 
the release of toxic heavy metals in the environment, which is now a matter of 
great concern. Their contamination mainly exists in the aquatic ecosystem, 
where industries such as tanneries, metal plating, alloy industries, smelting, 
radiator manufacturing, mining operations, etc., dump their heavy metal 
contaminated wastewater directly (Kadirvelu et al., 2001). Thus, industrial 
wastewaters should be treated before their discharge into the ecosystem.  
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2 Processing and 
Chemical 
Pollutants in 
Industries  

A key factor for the development of any country’s economy is in-
dustrialization, but the wastes released are one of the major sources of 
worldwide environmental pollution. In terms of impact on the ecosystem, the 
chemical industries are of significance since the wastewaters generated from 
these industries contain toxic pollutants. The effluents released from in-
dustries such as tannery, textile, food, pulp and paper, distillery, pharma-
ceutical, oil refinery, etc., is of major concern since these consist of an array 
of organic and inorganic recalcitrant pollutants and toxic heavy metals. The 
wastes generated from industries consist of high biological oxygen demand 
(BOD), low solid suspension, acids, bases, heavy metals, and other toxic 
materials. These pollutants from different industries cause severe soil and 
water pollution once it reaches the environment, and several fatal diseases 
such as neurological disorders, cancer, delayed nervous response, mutagenic 
and teratogenic changes, etc., when it enters the human or animal food chain. 
For environmental safety, proper treatment of these industrial wastewaters is 
required before discharge in the environment. Some of the pollution-causing 
industrial wastewaters have been described below. 

2.1 PAPER INDUSTRY 

A challenge for our environment is the discharge of wastes from the pulp 
and paper industry (P&P), but on the other hand, it shows its positive side 
by utilizing renewable and photosynthetic resources. For the production 
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of about one metric ton of paper, ~70 m3 of wastewaters are released, and 
the quality of wastewater generally depends on the nature of raw material 
utilized, type of finishing product, and the amount of water reused during 
the process (Latorre et al., 2007). P&P Industry utilizes 70% of water 
during its processing. After the implementation of internal cleaning 
processes, the P&P industry has increased the internal water recirculation 
process to reduce its water consumption, which in turn saves capital and 
decreases the utilization of inadequate environmental resources. Over the 
past 20 years, P&P industries have reduced water consumption by nearly 
half, and a production of 95% paper per ton over the past 30 years 
(Blanco et al., 2004). 

Pulp and Paper industries generate wastewaters formed by various 
class pollutants of complex mixtures of organic materials such as lignin, 
extractives, and degradative carbohydrate products, and solids. The main 
steps in paper productions are wood preparation, pulping, pulp washing, 
screening, paper machine, coating operation, and bleaching—in which 
polluted wastewaters are released into the environment (Savant et al., 2006; 
Ugurlu and Karaoglu, 2009). The quality of wastewater generated mostly 
depends upon the type of raw materials used during processing, the amount 
of water utilized, and the recirculation of the wastewaters generated 
(Pokhrel and Viraraghavan, 2004). The wastewaters released from P&P 
industries consist of high values of BOD, COD, and chlorinated 
chemicals—collectively known as absorbable organic halides (AOX). 
Since 1990, the emission of AOX content, which is directly proportional to 
chlorine consumption in the bleaching process, has been reduced up to 
80%. The fraction of organic compounds that can be easily degraded from 
the effluent depends on the ratio of BOD to COD (McCubbin and Folke, 
1993). Among the total organic materials produced in the effluent, the 
chemical pulping process has been reported to generate poor biodegradable 
organics to more than 40%. The industrial wastewaters, if released into a 
freshwater body without proper treatment, might cause adverse effect by 
depleting its dissolved oxygen, causing unacceptable changes in water 
color, temperature, turbidity, solid contents of the receiving freshwater 
bodies; as a consequence, it causes a toxic effect on fishes and other aquatic 
organisms. For the protection of the environment, satisfying legal re-
quirements should be taken by the industries in removing harmful and toxic 
compounds from the generated wastewaters before releasing them into the 
environment (Kamali and Khodaparst, 2015). For example, the US gov-
ernment has established rules and regulations for the discharge of waste-
waters from P&P industries, which provide significant inducement for the 
discharge of pollutants in reduced form in the wastewater. 
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2.1.1 Sources and Characteristics of Pulp and 
Paper Industry Wastewaters 

The wastewaters emerging from P&P industries are highly variable, 
especially when comparing one pulp or paper making process to another. 
Maximum variations in effluent characteristics are observed during spe-
cific kinds of pulping, bleaching, or paper making operations and on the 
utilization of freshwater (Hossain and Ismail, 2015). Typical pulp and 
paper manufacturing processes that release contaminated wastewaters are 
discussed below. 

2.1.1.1 Debarking 

This is the first process in manufacturing, where the first load of contaminated 
water is generated from the soaking of logs and bark removal. The con-
tamination level from debarking is low when compared with other operations, 
since only mechanical pressures are involved in removing the bark. It can 
easily be treated through electro-coagulation methods (Vepasalainen et al., 
2011). Besides, the production of wastewater is reduced if dry debarking is 
allowed, and this process makes it possible to obtain more energy in a power 
boiler (BREF, 2015). 

2.1.1.2 Mechanical Pulping 

The fibers in the wood are separated by the mechanical process for ob-
taining virgin pulp, which is most often used in the production of high- 
circulation magazines and newsprint papers. The pulp is generated through 
a mechanical process requiring a high amount of energy per unit mass of 
pulp production—which results in soluble and particulate materials being 
released into the water stream. Mechanical pulping helps in the softening of 
the lignin between fibers, allowing full-length fibers to be preserved for a 
long time during the separation process—which is often carried out at a 
high temperature (i.e., thermomechanical pulping or TMP). It is assumed 
that more materials are released into the wastewater due to heating but does 
not have any literary support (Willfor et al., 2003). Hemicellulose com-
ponents of TMP are converted into negatively charged carboxylate species 
through peroxide-bleaching of thermomechanical pulp (BCTMP), which 
contributes as a contaminant in the wastewater (Miao et al., 2013). The 
high yield of pulp also contributes to a low level of COD to the P&P in-
dustries wastewater. 
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2.1.1.3 Kraft Pulping 

Kraft pulping operation produce highly contaminated wastewaters since this 
process can solubilize about 30–60% of the solid mass during bleaching of 
either wood-based or non-wood cellulosic pulps. After the kraft cooking pro-
cess, the black liquid was rich in lignin byproducts along with alkali, sodium 
sulfate, soaps of resin acids and fatty acids, and other contaminants (Lehto and 
Alen, 2015). A high percentage of solubilizing materials are circulated back to 
the chemical recovery systems from alkaline pulping under ideal conditions. 
However, chemical recovery becomes complicated when a high amount of 
silica is contained in the fibers because it deposits in the equipment as an 
inorganic scale (Deniz et al., 2004). Also, the conventional bleaching tech-
nologies based on chlorine dioxide, sodium hypochlorite and other related 
chemicals generate highly toxic wastewaters, which become corrosive to the 
instrument used for chemical recovery and discourage the recovery of toxic 
chemicals from wastewaters, making it highly toxic with unusual odor and 
color that needs proper treatment (Tielbaard et al., 2002). These pollutants from 
pulp bleaching become exceedingly difficult to remove from wastewater, and 
often harm water bodies with slime and scum formation, toxicity to aquatic 
organisms, and thermal impacts (Garg and Tripathi, 2011). 

2.1.1.4 Sulfite Pulping Process 

Due to low strength property, sulfite pulps are produced less than kraft pulp. These 
sulfite processes may only be used by changing the pH and type of base used 
(ammonium, calcium, magnesium, or sodium) during processing—some of which 
are acid bisulfite, neutral sulfite, or magnetite. During the sulfite cooking process, 
lingo-sulfonates, sugars, and other substances are produced, which are further 
utilized as raw materials to produce various chemical yields (BREF, 2015). 

2.1.1.5 Paper Recycling Operations 

The variability in nature of paper materials used, their contamination during use 
and recovery, and the use of additives during bleaching, ink removing, and 
dispersing of fibers produces a wide range of pollutants during the recovery of 
fibers from recycled papers (Muhamad et al., 2012). Wastewaters with high 
organic dissolved loads of anionic characters are released during the processing. 

2.1.1.6 Papermaking Operations 

Paper machine produces cleanest process water in the plant, and excessive 
water production in paper machines is purified through filtration to be reused 
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in the papermaking process. Furthermore, when high water quality is re-
quired, the used water is subjected to further treatment such as ultra-filtration 
(UF). The processing water in papermaking operations consists of a variety of 
additives together with mineral filler products such as clays, calcium carbo-
nate, and titanium dioxide. In the fiber slurry sizing agents like alkenyl 
succinic anhydride, alkyl ketene dimer or rosin products are added in the form 
of a slurry. In the case of producing colored papers, dyes are used along with 
these compounds but in low amounts, where removal of dyes becomes the 
primary treatment because of its high visibility. 

2.1.2 Recalcitrant Organic Pollutants in P&P 
Industry Wastewaters 

A variety of recalcitrant compounds are present in pulp and paper mill 
wastewaters, such as chlorinated resin acids, chlorinated phenols, chlorinated 
hydrocarbons, dioxins, and lingo-sulfonic acids (Singh and Srivastava, 2014). 
In most cases, the toxicity of P&P mill wastewater is very low but is char-
acterized by high COD (i.e., 1,000–7,000 mg/L), low biodegradability ratio 
(BOD/COD) from 0.02 to 0.07, and suspended solids of very moderate 
strength (i.e., 500–2,000 mg/L). Compounds with chlorine content are re-
calcitrant since they consist of uncommon chemical structures such as carbon- 
chlorine bonds (Mounteer et al., 2007). Earlier, it has been reported that the 
organic materials in wastewaters with high molecular weight are more re-
calcitrant to biological treatment methods than of low molecular weight 
(Savant et al., 2006). The dark color of the wastewater and its toxicity is 
imparted by compounds such as diterpene alcohols, juvaniones, resin acids, 
dissolved lignin, and its degradation products—hemicelluloses, fatty acids, 
phenols and tannins (Chopra and Singh, 2012). 

2.2 DISTILLERY INDUSTRY 

One of the most polluting industries—whose 88% of the raw materials get 
converted into wastes—is distilleries. It is estimated that for every liter of 
production of alcohol, around 15 L of the spent wash is released in dis-
tilleries (Ravikumar et al., 2007). For the largest number of chemical in-
dustries, alcohol serves as a primary chemical, and high production is 
necessary to fulfill the demand. Presently, there are ~315 distilleries in India 
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with a total capacity to produce 3,250 million liters of alcohol per year, with 
a production of 40.4 billion liters of effluent (Mohana et al., 2009). Most of 
the distillery industries collaborate with a sugar mill and utilize the by- 
product of sugar cane known as molasses as the starting material in pro-
ducing alcohol (Chowdhary and Bharagava, 2019). 

2.2.1 Process of Manufacturing and  
Generation of Wastewater 

The main product of the distillery industry (i.e., alcohol) is produced through 
cellulosic materials from grains, sugarcane molasses, grapes, sugarcane juice, 
and barley malt. Alcohol productions in distilleries occur in four main 
steps—feed preparation, fermentation, distillation, and packaging. 
Fermentation can take place in batches or continuous mode in a broth, where 
diluted sugarcane molasses are inoculated with yeast, and a yield of 6–8% is 
produced. For alcohol production in continuous mode, cellulosic substances 
are first de-lignified into cellulose and hemicellulose, and then hydrolyzed by 
acids to break it into simpler sugars. These sugars are, then, fermented to 
produce carbon dioxide and ethanol in the presence of yeast. The alcohol 
produced is collected in the form of vapor from the fermentation solutions, 
through distillation under pressure. The removal of alcohol is assisted through 
the sprinkling of carbon dioxide gas produced throughout the fermenting 
solution (Satyawali and Balkirshnan, 2007). Later, carbon dioxide gas 
is captured and utilized in the production of other additional ethanol and 
essential chemicals. 

2.2.2 Characterization of Wastewater Produced 
During Manufacturing 

A huge amount of water is consumed in alcohol distilleries during the pro-
duction of alcohol, and consequently, massive quantities of toxic wastewaters 
are released into the environment. The characteristics of wastewaters pro-
duced from spent wash are inconsistent and depend on the type of raw ma-
terials and phases utilized during the production of ethanol (Pant and 
Adholeya, 2007). The spent wash generated from distillery industries are dark 
brown in color with low pH (5.4–4.5), high temperature, BOD 
(40,000–50,000 mg/L) and COD (80,000–100,000 mg/L) (CPCB, 2003). The 
presence of high loads of organic materials such as melanoidin, proteins, 
lignin, reduced sugars, waxes, polysaccharides, etc., results in high values of 
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BOD and COD of the wastewater (Melamane et al., 2007). About 2% of 
melanoidins are present in the spent wash with a molecular weight between 
5,000 and 40,000 Da, empirical formula of C17-18H26-27O10-N, and anti-
oxidant properties that make it toxic (Manisankar et al., 2004). Various 
technologies have opted for the treatment of these toxic spent washes but 
none of them have proved to be effective and economically useful to obtain 
the standard norms set by CPCB, India. 

2.3 TEXTILE INDUSTRY 

Industrialization has led to the development of a series of industries, including the 
textile industry, which is based on the utilization of synthetic dyes. Synthetic dyes 
are not only used in textile industries but are also extensively used in paper 
printing, color photography, and in food industries. Dyes have now become an 
essential part of our civilization, but are also responsible for creating environ-
mental pollution, especially when released with the wastewaters generated from 
various textile mills and industries. Dyes are aromatic and heterocyclic com-
pounds with variation in structures such as acid, azo, anthraquinone-based, basic, 
disperse, diazo, reactive, and metal complex—but these dyes are often re-
calcitrant compounds, toxic, and even carcinogenic in nature. The main problem 
is the lack of data regarding the dyes, which creates an issue when it comes to 
identification of their properties and characteristics. The aforementioned dyes 
have been classified based on their mode of dyeing or on structural moieties, 
which reflects little knowledge on evaluation based on environmental purposes. 

Textile dyes containing industrial wastewaters are released in vast quan-
tities daily in natural bodies of water worldwide. Soils and freshwater systems 
get contaminated with dyes when industries release dye-containing wastewaters 
through poor handling of spent effluent, the inefficiency of the dyeing process, 
and poor treatment of wastes. Among these dyes, anthraquinone-based dyes are 
found to be the most resistant to degradation and remain colored for an ex-
tended time because of their fused aromatic structures. Basic dyes have high 
color intensity, so it becomes complicated to decolorize from wastewater, while 
metal-based dyes lead to the release of toxic metals into water supplies and tend 
to be carcinogenic in nature. Disperse dyes have the capacity to bioaccumulate, 
and heavy metal ions are found to have high concentrations in both algae and 
higher plants such as wheat—which gets irritated by the textile wastewaters. 
The first contaminant to be acknowledged in wastewater is color; this should be 
removed from wastewater before their discharge into any freshwater body since 
these make them unpleasant. The colors in wastewater contribute to the 
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significant fraction of BOD in wastewaters; thus, their removal is more im-
portant than the dissolved colorless organic substances. 

2.3.1 Generation and Characteristics of Textile 
Wastewater 

The characteristics of textile wastewater usually depend on the type of textile 
manufactured and the chemicals used during the processing. The major 
constituents of textile wastewater—which is a threat not only to the en-
vironment but also to human health—are chemicals, color, odor, high BOD, 
COD, total solids, and traces of some heavy metals such as arsenic, chro-
mium, copper, and zinc. One of the critical factors for successful trading in 
textiles is the processing steps. First, fibers are prepared, transformed into 
yarn, and finally into fabrics subjected to various wet processing stages, 
where unfixed dyes get washed away. After the wet process, textile products 
are subjected to dry processes, where most of the solid wastes are generated. 
Each wet processing step has been described below. 

2.3.1.1 Sizing and Desizing 

Sizing acts as a defensive, protective material as it modifies the absorption and 
characteristics of substances. The sizing process improves resistance and re-
duces the risk of yarn breakage. The selection of sizing agents is made based on 
fabric types, cost-effectiveness, removal, environmental-friendliness, effluent 
treatments, etc. Sizing agents can be naturally occurring substances such as 
cellulosic derivatives, protein-based starch, starch, and its derivatives, etc., or 
synthetic agents such as polyacrylates, polyesters, PVA, etc. 

The removal process of size materials from the yarn is known as desizing, 
which involves acids, enzymes, oxidative, or removal of water-soluble sizes 
(Chowdhary et al., 2019). After desizing, the textile wastewaters released have 
a pH of 4–5 with high BOD range (i.e., 300–450 ppm) (Magdum et al., 2013). 
Starch used during the sizing process can be degraded by H2O2 oxidation into 
CO2 and H2O, while enzyme desizing gets converted into ethanol—which is 
further utilized as energy, reducing BOD lead from textile effluent. 

2.3.1.2 Scouring 

Scouring is a chemical washing process carried out for removing certain 
impurities or any added dirt particle or soil from yarns or fibers through 
bridge scour, hydrodynamic scour, ice scour or tidal scour. 
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2.3.1.3 Bleaching 

Natural substances present give a creamy color to the fabrics; to achieve white 
and bright fabrics, it is essential to remove this. The entire process of re-
moving color is known as bleaching. Initially, bleaching was done by 
chlorine, succeeded by hypochlorite due to their disinfecting ability. Now, it 
has been replaced by hydrogen peroxide and per-acetic acid—with the ad-
vantage of providing intense sheen and causing less destruction to the yarn 
(Liang and Wang, 2015). 

2.3.1.4 Mercerization 

Mercerization is the process of improving the shine or luster of cotton 
fabrics by treating it with a strong caustic alkaline solution of 18–24% by 
weight. During this process, cotton fabrics are first dipped in high con-
centrations of the caustic alkaline solution. After getting completely ab-
sorbed, the swollen fabrics are placed into the water—providing stress 
conditions to remove the alkali solution, giving the fabrics a permanent silk- 
like shine. This process also helps the fabrics absorb an increased amount of 
dye, and improve reaction rate with various dyes, texture, and stability form 
and strength (Lee et al., 2014). 

2.3.1.5 Dyeing and Printing 

Dyeing is where fabrics or yarns are colored by treating them with a variety of 
dyes in controlled conditions (temperature and time). The dyes have either 
auxochrome group or chromophore groups. Textile products are dyed from 
dye solutions, and printing from the thick paste of dye helps prevent them 
from spreading. Both the dyeing and printing process consist of a variety of 
dyes that are eventually released in wastewater, making them highly visible. 

2.3.1.6 Finishing 

Considered as the last process in textile manufacturing, finishing involves 
conversion of woven or knitted cloth into usable material, adding qualities 
like anti-bacterial, UV protection, and waterproof. It is also the final process 
that contributes to water pollution. 

The wastewaters released from textile mills after processing and cleaning 
consist of highly toxic organic residues with a mixture of synthetic and ver-
satile dyes. It has been estimated that ~8000 L of wastewater are released to 
produce a kilogram of product. The BOD level is 25 kg/kg of product, and the 
COD level is 80 kg/kg of products for reactive and azo dyes. For other dyes, 
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the BOD level is 6 kg/kg, COD level is 25 kg/kg, oil & grease is 30 kg/kg, and 
suspended solids are 6 kg/kg of the product. Toxic effluents of textiles consist 
of treated sludge, spent acids, and residue dyes of yellow and orange pigment, 
chrome and chrome oxide, green pigments, azo dyes, iron blue pigments, 
yellow zinc pigments, and molybdate orange pigments. Various conventional 
and non-conventional treatment methods are applied for treating the textile 
industries’ wastewater. If discharged without proper treatment, excessive 
amounts of COD may cause toxicity to the aquatic life and elevated BOD 
might deplete the oxygen of the receiving water body. The high color intensity 
of the wastewater makes it unfit for downstream purposes. Hydrophilic and 
recalcitrant textile dyes quickly enter the hydrosphere and cause disturbance to 
the balanced ecosystem. A tiny amount of dye (i.e., 1 ppm) is highly visible 
and affects water transparency and gas solubility in rivers, lakes, and other 
receiving water bodies. Through the aquatic food chain, these dyes may enter 
the human body through consumption of contaminated seafoods, causing 
serious health hazards. Thus, the contaminated effluents must be treated before 
their discharge in nature for safety. 

2.4 TANNERY INDUSTRY 

The tannery industry, which utilizes a substantial quantity of chemicals during 
the process of transforming animal hides to produce leather, has been re-
garded as the most polluting industrial sector. In most countries, the chrome 
tanning process is utilized due to its excellent leather production and smooth 
operation (Chowdhary et al., 2017). Chrome tanning is a wet process that 
requires a large amount of water—90% of which will be released as an ef-
fluent. During transforming process, a broad quantity of chemicals—colored 
compounds, toxic metals, sodium chlorides, sulfates, a variety of organic and 
inorganic compounds, biologically oxidizable tanning materials, putrefying 
suspended materials, etc.—are used and released with the wastewaters 
(Chandra and Chaudhary, 2013). The presence of these massive pollutants in 
the tannery wastewaters damage the aquatic life of the water bodies and soil 
profile of the land receiving it. 

In the tannery industry, the highest amount of water is consumed during pre- 
tanning processes, while post-tanning process also expends a liberal amount of 
water. In the tanning process, the most polluting stage is known as the soaking 
stage and contributes around 50–55% to the total pollution load. Secondarily is 
the limiting stage, where hair, skin, protein, and emulsified proteins are removed 
from the hides and are released with the wastewaters—which increases their total 
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solid contents. Lastly is the tan-yard process, where delimbing and bating of 
various amounts of chemicals such as ammonium salts, calcium salts, sulfide, etc. 
makes the wastewater of slightly alkaline in nature. The effluents released during 
the chrome tanning and preserving process consists of chrome, chlorides, sodium 
bicarbonates, sulfates, sulfuric acids, and a high concentration of total solids. 
Among these large varieties of chemicals used during tanning processing, only 
~20% of them are utilized and the rest are released as wastes. In the post-tanning 
process, the significant pollutants released during processing are chrome salts, 
dyestuff residues, fatliquoring agents, x systems, organic materials, and various 
other solvents used during degreasing and finishing. An estimate ~300– 
400 million tons of solvents, toxic sludge, heavy metals, and other wastes are 
being discharged with tannery effluents into the water bodies each year worldwide. 

The improper handling of pesticides, tanning processing chemicals, 
and treated hides and skins of animals generates toxic and hazardous ma-
terials, which can affect human health. After processing, the final complex 
tannery effluent released consists of high loads of dissolved and suspended 
solids, organic and inorganic materials, organic ammonia, and nitrogen and 
retained high pH. The reduced processing practices—using unprocessed 
conventional tanning methods and non-implementation of controlled was-
tewater releasing rules and regulations—have further increased pollution 
rates and related problems. In most developing countries, it is tragic that 
there are no consistent estimates of the amount and types of toxic and 
hazardous wastes available, and in some cases, proper documentation is 
also unavailable. Tannery industries are job and revenue-generating sec-
tors. However, pollutants such as heavy metals, chemicals, organic and 
inorganic materials, etc., are generated from these industries and are of 
significant concern because of unsafe soil and water disposal that lead to 
severe health hazards. 

2.4.1 Chemicals Used in Tanning and Leather 
Production 

Tannery industries are being specialized to produce leather skins from small 
animals such as calves, goats, and sheep, while hides are processed from the 
skin of large animals such as buffaloes, cows, and horses. In the tanning 
process, hides/skins are converted into stable and non-decomposable products 
such as leathers, which are further used for various purposes. Based on tanning 
reagents used, the tanning processes can be classified into chrome or vegetable 
tanning. For achieving different types of end products, various chemicals and 
procedures are involved in tanning, and the kind and total amount of wastes 
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generated varies. A semi-soluble protein “collagen” is present in hides/skins of 
animals which are converted into highly durable commercial forms of leathers 
through tanning, by using large amounts of chemicals such as alkalis, acids, 
tannins, sulfates, chromium salts, surfactants, dyes, phenolics, auxiliaries, sul-
phonated oils, biocide, etc. These chemicals are not completely fixed and end 
up mixing in wastewater. During the tanning process, poor chromium salt 
(50–70%) uptake results in waste of materials, which results in ecological 
disturbance. Additionally, other chemicals such as sulfonated oils, acrylic re-
sins, formaldehyde, melamine, naphthalene, and phenol are applied during 
tanning or retaining process to soften the leather. To avoid the usage of many 
hazardous chemicals during industrial processes, numerous regulations have 
been passed by the Integrated Pollution Prevention and Control Directive (96/ 
61/EC 1996; 200/1/EC 2008). The Directive for European Regulatory 
Framework has made specific rules and regulations on chemicals regarding 
their registration, evaluation, authorization, and restriction to avoid leather- 
producing industries in using leather auxiliary and chemicals which are not 
included in the safety data sheets. Furthermore, the directive has also restricted 
the market and use of product preparations constituting >0.1% of nonylphenol 
(NP) or nonylethoxyphenol (NPE) in Europe (Lofrano et al., 2013). 
Additionally, industries have been instructed to label all products containing 
>0.5% of phthalate composition such as benzyl butyl phthalate, di-butyl 
phthalate, and diethyl hexyl phthalate, since these compounds have the po-
tential to create reproductive toxicity. The usage of formaldehyde as well as 
o-phenyl phenol has been restricted in leather finishing because of their car-
cinogenic potentiality. Furthermore, the use of several azo dyes and inorganic 
compounds such as cadmium sulfate and lead chromate has been restricted due 
to higher toxicity. 

2.4.2 Generation of Solid Wastes 

Apart from liquid wastes, a large quantity of non-biodegradable sludge or 
tanned solid wastes containing chromium is also generated from tannery in-
dustries. The wastes have limited applications; thus, their disposal might cause 
serious environmental problems. Most of the available conventional treatments 
for solid wastes are not environmentally-viable because of the emission of 
nitrogen oxide, hydrogen cyanide, ammonia, and the transformation and 
leaching of Cr(III) into Cr(VI) from tannery wastes (Dixit et al., 2015). 
Therefore, the amalgamation of the aerobic with anaerobic treatment process 
might be a suitable option for tannery wastes treatment constituting all these 
toxic and recalcitrant hazardous chemicals. After treatment, the remaining 
wastes can be recycled and reused as a useful product or raw material. 
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2.5 PHARMACEUTICAL INDUSTRY 

Pharmaceutical industries are one of the top-ranked science-based Indian 
industries which deal with the manufacturing of drugs. According to the 
draft national pharmaceutical policy 2006, the total market of Indian 
pharmaceuticals is 24,440 crores (Shah, 2007). The industry spends nearly 
3% of its total sales on Research and Development (R&D) activities, but it is 
expected to increase to 5% in the coming years since R&D is the foundation 
of pharmaceutical industries. The corporate and multinational companies 
have their separate R&D facilities to furnish the research and follow new 
methods to satisfy their demands. Thus, the R&D section of pharmaceutical 
industries is emerging as a fast-growing industry. To develop a new drug, 
many cooperative efforts of trained employees specializing in different 
fields such as biochemistry, chemical engineering, organic and analytical 
chemistry, medicinal, microbiology, physiology, pharmacology, pathology, 
and toxicology are required. As a result of this diversity, an extensive range 
of biological as well as chemical wastes are produced in wastewaters, 
making it complicated to treat. 

2.5.1 Characteristics of Wastewater Produced 

Wastewater released from pharmaceutical industries has high concentrations 
of salts, organic materials, and microbial toxicity, increasing its non- 
biodegradability. Since pharmaceutical industries work based on batch 
mode processes, they utilize several types of raw materials during produc-
tion, which causes variations in wastewaters with loads of toxic pollutants 
(Xin and Guoyi, 2015). Characteristics of wastewaters differ from one 
pharmaceutical industry to another. Biopharmaceutical industry waste-
waters are known for varying quantities of high sodium concentration, low 
carbon/nitrogen (C/N) ratio, complicated composition, high sulfate con-
centrations, high chroma, and biological toxicity. In comparison, chemical 
pharmacy wastewater is non-biodegradable and has high salt concentration, 
causing toxicity to microbiota. The industries producing Chinese medicines 
have wastewaters that consist of alkali contents, cellulose, sugar, glycosides, 
tannins, anthraquinone, lignin, organic pigments, and some other organic 
materials (Yu, 2013). 
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2.6 OTHER INDUSTRIES 

Apart from the different industries mentioned, there are other businesses that 
regularly release recalcitrant and toxic compounds, such as oil refinery in-
dustries, food industries, etc. Oil refinery industries generate wastes that are 
high in aromatic concentration, aliphatic petroleum hydrocarbons, etc., and 
loaded with a variety of toxic chemicals. The wastewater generated during 
crude oil extraction from oil wells has high COD and low biodegradability. 
Other recalcitrant organic pollutants that are produced are PAHs, polymers, 
benzenes, phenols, surfactants, radioactive substances, hummus, and different 
kinds of heavy mineral oils. If the effluents are discharged directly into a 
receiving body, it can cause toxic effects to aquatic life and to the body of 
water per se. Thus, oil refinery wastewater needs to be treated before their 
discharge into the environment. 

Another essential industry is the food industry, which produces products 
that fulfill our daily health needs. The wastewaters generated from food pro-
cessing also cause pollution due to its high COD and BOD content. As com-
pared to other industrial sectors, food processing industries require a 
considerable amount of water throughout their operations—production, 
cleaning, sanitization, cooling, and material transport. Increased demand for 
food production involves a large amount of sludge as well as wastewater 
production and, consequently, the cost of treatment plants. The problem is that 
the wastewaters do not meet the standards set by the environmental regulations. 
Therefore, industries should treat released wastewater for sanitary purposes.  
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3 Ecotoxicological 
and Health 
Implications  

In modern society, chemicals are widely used in areas such as agriculture 
(e.g., pesticides), medicine (e.g., pharmaceuticals), cosmetic production, (e.g., 
powder, sunscreens) and mostly industrial sectors (e.g., acids, salts, solvents, 
coolants, etc.). In the European Union, ~33 million chemicals were com
mercially available in the year 2015—an estimated 100,000 of which are in 
use and over 1 ton of ~30,000 more chemicals are being produced annually 
(Breithaupt, 2006). These chemicals are released intentionally (spraying of 
pesticides) or unintentionally (grassing out or leaching into the environment), 
where they enter through different pathways depending on climatic, geolo
gical, hydrological or some other used patterns. These entry pathways of 
chemicals into our ecosystem might include:  

1. The direct release of effluents from industries through different 
processing, mining, effluent treatment plants (ETPs), or through 
accidental spills;  

2. Run-off water from subsurface flows or land surfaces frequently 
afterward drizzles;  

3. Disposal or erosion of wastes from the surface, which might lead to 
desorption, diffusion of re-suspension of chemicals into the water 
level; and  

4. Through atmospheric deposition. 

According to survey, tons of industrial wastewaters are effluxed indis
criminately into lands, lagoons, rivers, and streams daily. The release of 
untreated or poorly treated industrial wastewaters constituting nutrients, toxic 
heavy metals, non-biodegradable organic and inorganic materials, and other 
toxicants deteriorate these receiving freshwater systems. Industrial waste
waters/effluents are the liquid wastes produced from various industrial ac
tivities. Over the years, the inappropriate disposal of these liquid wastes into 
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the environment has become a major concern to industrialists as well as the 
government. In many cases, the industrial wastewaters do not meet the 
standards of these processes because of the application of prohibited toxic 
chemical pollutants in industries which remain even after pre-treatment 
methods. Consequently, high loads of toxic and recalcitrant chemical pollu
tants accumulate in the environment, causing ecosystem pollution, and pro
ducing severe health hazards. Therefore, there is a need for effective 
treatment of effluents from several industries before their discharge into a 
public water body. The ecological toxicity as well as health hazards caused by 
these toxic pollutants are described below. 

3.1 ECOTOXICITY 

With the advances in scientific knowledge, the rate of pollution can be con
trolled by measuring environmental contaminations. As knowledge on the 
environmental impacts of wastewater and the drawbacks of sophisticated 
conventional methods increases, the utilization of advanced treatment 
methods has become more common. Industrial effluents/wastewaters released 
into the environment after poor treatment have a toxic effect on the water 
bodies receiving them, as described in Figure 3.1. The toxic effects may be 
acute or cumulative. The acute toxic effects by industrial wastewaters are 
created by high concentrations of chlorine, ammonia, demanding oxygen 
materials, toxic heavy metals, inorganic, and recalcitrant organic pollutants. 
In comparison, cumulative effects are caused by accumulation of toxic pol
lutants through industrial wastewaters in receiving water bodies, which be
comes noticeable only after a certain level (Chambers et al., 1997). For 
optimum function and survival, aquatic organisms have a range of tempera
tures, and a sudden change in these can reduce or intimidate their re
productive cycle, growth, and life. The industrial wastewaters released into 
freshwater bodies after treatment are full of organic loads, which may add to 
the oxygen demand level of the receiving body. Furthermore, when a fresh
water body receives an ill-treated industrial wastewater, it results in increased 
depletion of the dissolved oxygen (DO), and its level below 5 mg/L adversely 
affect the aquatic ecosystem. The proper concentration of oxygen in the 
aquatic ecosystem is essential in maintaining the biological life; if wastewater 
is poorly treated, it affects the aquatic flora and fauna of receiving system. 
The concentration of dissolved oxygen below 5 mg/L can cause a negative 
effect on aquatic organisms of the water receiving wastewater. The concentra
tion of dissolved oxygen has been reported to be between 4.15–6.26 mg/L 
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during autumn, 4.96–6.69 mg/L during spring, 4.99–5.38 mg/L during 
summer, and 4.85–11.22 mg/L during winter, which proves that seasons have 
a significant influence on the DO level in the water body (Igbinosa and 
Okoh, 2009). 

Compared to surface water, the low level of DO in industrial wastewater is 
due to the presence of degradable organic compounds. A low level of DO in 
water leads to impairment in some species and can eventually lead to their death. 
The estimation of organic pollution load in water and wastewater is usually done 
by measuring the range of Biological Oxygen Demand (BOD) and Chemical 
Oxygen Demand (COD)—which are the essential parameters in checking was
tewater treatment plant efficiency and their facilities. The low-level values of 
BOD and COD is expected in surface water, which is necessary for life suste
nance in an aquatic ecosystem, as elevated levels of BOD and COD harm aquatic 
life, especially fishes. In river systems, the low level of BOD and COD indicates 
decent quality of water, while high values of BOD and COD signifies polluted 
water. The BOD-COD and DO concentrations in water have an inverse re
lationship. DO is mostly consumed by bacteria when large loads of biodegrad
able organic materials are present in water. In the case of industrial wastewater, 
the threshold drop of the DO level has a negative impact on aquatic life (affecting 
fish and other life forms), rendering their life-sustaining functions, such as growth 
and reproduction, useless. The range of COD in wastewaters from several 

FIGURE 3.1 An overview of environmental pollutants and its toxicity.  
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treatment plants is reported to be 75 mg/L; however, actual effluents collected 
and tested during several months from different wastewater treatment plants 
exceed this figure. One of the significant contributors of organic pollutants in 
surface water is effluents released from several industries. The addition of various 
ions (nitrates, nitrates, and phosphorus) into the wastewater-receiving bodies 
leads to eutrophication. In most wastewater streams, nitrogen-containing com
pounds are found in abundance; the inadequate treatment of these streams might 
lead to bigger bodies of water and can cause adverse effects. Eutrophication is a 
process which results from the influx of nutrient-rich industrial wastewater into 
any freshwater system. It leads to the formation of algal blooms and promotes 
continuous growth of aquatic plants in the ecosystem. Eutrophication results in 
increased turbidity, plant and animal biomass, and rate of sedimentation, with 
decreased species diversity that leads to anoxic conditions and modifies the 
dominant species of the aquatic biota. The induction of eutrophication in fresh
water system due to an increased level of nitrogen and phosphorus has been 
reported by several researchers (Lofrano and Brown, 2010). 

Today, biological effects caused by industrial effluents/wastewater are 
fundamental, and eco-toxicological tests are used as tools for identifying 
ecological hazards and recognizing environmental impacts. In most of the 
countries, ecotoxicity tests are used for the management of industrial was
tewaters; they play a significant role in direct toxicity assessment as support in 
making decisions on a regulatory or voluntary basis. For the surveillance of 
industrial wastewater, bioassay tests are also done (Power and Boumphrey, 
2004). In the case of complex wastewaters, global evaluation should be 
done—which includes eco-toxicological tests to complement the chemical 
characterization of industrial effluents. This approach will help protect the 
biological treatment plants from toxic and hazardous influents, monitor the 
efficacy of wastewater treatment plants (WWTP), and evaluate the impacts of 
wastewaters (Gartiser et al., 2010a). For the assessment of complex organic 
materials and their mixtures through eco-toxicological tests, bioassays are the 
most suitable tool. Physico-chemical parameters alone are not enough to 
collect reliable information regarding treated wastewaters; therefore, toxicity 
tests must be combined with routine chemical analysis. 

3.2 HEALTH HAZARDS 

Serious health hazards are caused by the environmental pollutions from in
dustrial wastewaters released into our ecosystem. It affects land and water, 
including their biotic and abiotic components. Industrial wastewater 
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containing organic and inorganic complex compounds that are thrown into 
our ecosystem contribute a lot of toxic and hazardous pollutants. These toxic 
pollutants are released from chemical, food processing, leather tanning, oil, 
refining, paper and pulp, paint, plastic, pharmaceutical, pesticide, metal 
smelting, iron and steel, and textile industries. The rapid establishment of 
industries in developing countries increases waste effluents, causing major 
chaos to the ecology, environment, agriculture, aquaculture, and public 
health. One-third of the total water pollution in India has been reported to be 
from industrial wastewater discharges composed of solid and other hazardous 
wastes, which are of potential danger to our natural water systems. High 
concentrations of various heavy metals such as cadmium, copper, chromium, 
nickel, lead, etc., along with several organic and inorganic compounds, are 
also found in the industrial wastewaters, and are highly poisonous to various 
forms of life in the ecosystem. 

Health hazards are associated in two ways. First, with health and safety 
problems of those who are working on the field or residing near the area 
where the industrial wastewaters are released. Second is through the utiliza
tion of contaminated products obtained from the use of wastewater, which 
consequently harms humans as well as animals through handling or con
sumption by secondary contamination (WHO, 2009). Therefore, random 
utilization of toxic industrial wastewaters to agricultural fields is one of the 
major global concerns, since the toxic compounds present in wastewater 
cannot be easily broken down into non-toxic forms, thus persisting in the 
environment causing a long-lasting effect on the ecosystem. The toxic 
metals—mostly heavy metals—present in industrial effluents are carcino
genic, cytotoxic, and mutagenic. Firm ground and surface water pollution 
cause severe health hazards to nearby surroundings; ruined soil fertility kills 
fishes as well as aquatic lives (Dey and Islam, 2015). Industries such as 
distilleries, refineries, textiles, and tanneries, etc. are chemical processing 
industries which utilize a tremendous amount of water at different processing 
stages and eventually release massive quantity of untreated or poorly treated 
wastewater and sludge directly into rivers and other freshwater bodies. 

The biological degradation of the receiving water bodies depends on the 
quality of the industrial wastewater (i.e., the volume of effluents, chemical, 
and microbiological compositions/concentrations of the effluents released into 
the receiving water system). High concentrations of toxic pollutants, pri
marily organic materials of wastewater, boost BOD, COD, TDS, TSS, DO, 
etc., of the receiving freshwater body, making it unsuitable for drinking, ir
rigation, and other purposes. The high concentration of arsenic and chromium 
in drinking water causes cancer—particularly, skin cancer—as well as skin 
lesions like hyperkeratosis, and causes pigmentation problems. Occupational 
exposure through inhalation leads to lung cancer. The organic compounds 
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used in several industrial processes are produced in wastewaters, which are 
toxic and non-acceptable to direct biological treatment. Thus, these waste
waters must be treated well to meet the discharging or recycling standards 
(Luan et al., 2012). 

In most developing countries, industrial wastewaters are released into the 
sewage system. They are potentially utilized for irrigation in agricultural 
fields for fodder crops near the sewage disposal areas and can directly or 
indirectly be consumed by humans. Industrial wastewaters and sewage waters 
contaminate the agricultural soil by affecting both the soil health and its crop 
yield. The utilization of industrial wastewater for irrigation purposes on a 
regular basis results in poor quality of the soil, and gathering of toxic heavy 
metals into the soil may cause severe human and animal health threat 
(Kharche et al., 2011). The accumulation of toxic heavy metals in the soil 
changes its physico-chemical properties, making it inapt for further irrigation 
purposes. The toxic and hazardous pollutants seep into the soil profile, 
reaching groundwater level. After daily consumption, it may cause serious 
health problems in humans as well as livestock. The rate of seed germination, 
as well as germination speed percentage, is also affected by the industrial 
wastewaters in various crops such as Vigna vulgaris, Vigna cylindrical, and 
Sorghum cermumas due to the presence of organic and inorganic contents 
with acidic concentrations (Doke et al., 2011). With the increased use of 
industrial wastewaters for irrigation, growth parameters of crop such as ra
dical and plumule length, their fresh and dry weight, carotenoid and chlor
ophyll content, and gradual decline in root and seedling length are also 
affected. The high salt concentration of soil also affects the growth rate of 
plants, high salinity and dissolved salts increases the osmotic pressure re
sulting in decreased availability of water to plants and to their retarded 
growth. 

Pollutants such as chromium, tannins, chlorides, sulfides, sulfates, or
ganic chemicals; synthetic chemicals such as pesticides (pentachlorophenol), 
dyes, finishing agents, chemical solvents, etc., are associated with industrial 
wastewaters. These are not completely absorbed during processing and the 
majority are released into the environment without adequate treatment, 
causing skin and blood infections upon direct contact. The eyes and re
spiratory system are mostly affected upon exposure to toxic chemicals and 
pesticides. Exposure to toxic chemical dust and hazardous compounds leads 
to intestinal infections and chronic respiratory disorders. Contact with a small 
quantity of chloride and hazardous phenolic compounds cause chemical burns 
and poisoning. These results show these compounds are toxic to humans and 
animals, whether in small or large degrees. It is alarming, since these can 
cause not only acute toxicity, but also genotoxic and mutagenic effects. After 
being released into the ground or other water bodies, these toxic chemicals get 
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accumulated into the food chain and directly affect human as well as other 
living organisms (Nadal et al., 2004). The chemical pollutants may enter the 
human body through inhalation, ingestion, or by dermal absorption, which 
can create local organ defects (e.g., skin, lungs, or gastric system), and can 
also produce a systemic effect by damaging the cardiovascular system, di
gestive system, urinary system, immune system, reproductive system, and 
nervous system through the absorption or circulation of pollutants in the 
blood and its distribution to the whole body. The carcinogenic, mutagenic, or 
teratogenic effects of chemical pollutants on humans depend on the nature 
and level of exposure. 

The degree to which any hazardous effect is shown in the human body is 
defined as toxicity, which is resolved by studying the interactions between the 
body and chemical pollutant dose entering. Some pollutants produce a 
harmful effect at specific doses and can even be beneficial at low doses, and 
this is determined through the dose-response curve relationship. The assess
ment of the risk of exposure to human health is derived through toxicological 
reference values, defined as the human toxicological risk limits or human 
criteria values. The toxicological reference values are reviewed from the 
toxicological data obtained from animal studies, environmental and occupa
tional epidemiological studies, and from the scientific mechanisms of ab
sorption, metabolism, transport, and toxicity of pollutants within the human 
body. By reviewing the toxicity data, the critical health effects and target 
endpoints can be determined by evaluating the potentiality of the chemical 
pollutants to create adverse effects on human health and its exposure con
ditions which damages human health. It also helps in identifying chemical 
causes and target organs or systems that may get damaged; data is collected 
based on intakes from air, food, water, and other relevant sources (Burdon 
et al., 2016). 

3.3 REMEDY 

The deposition of chemical pollutants in the environment should be under 
surveillance to avoid detrimental and hazardous effects upon exposure. Its 
remedy should be defined upon cleaning up of the contaminated sites. Several 
analytical methods such as gas chromatography/mass spectrometry (GC/MS) 
are available, which are sensitive and specific in identifying and quantifying 
the chemical compositions on environmental conditions, and their complexity 
associated with structures. These analytical methods, however, are to be 
operated on a regular and rapid basis and require online environmental and 
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bioremediation process monitoring and control. To overcome this, whole 
living cell microorganisms have been found to indicate the presence of 
deleterious chemical pollutants through signals in response to the exposure of 
targeted chemicals measurable. This method has been utilized under the 
monitoring and treatment of plentiful environmental hazards creating 
chemical pollutants.  
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4 Treatment 
Technologies 
for Industrial 
Wastewater  

Adequate and cost-effective treatment of wastewater is a more challenging 
task. Indeed, some of the industrial processing schemes haven’t been im-
plemented because of their excessive costs and difficulties allied with the 
treatment of the wastewaters generated from industries. In most countries, 
large-scale environmental initiatives have been taken, which resulted in the 
application of strict rules and regulations regarding the discharge of industrial 
wastewaters into the environment. To meet the standards, industrial waste-
water systems need expensive upgraded programs, but some industries could 
not even reach those modified limitations. 

The wastewaters discharged from industries usually consist of a wide range 
of substances that can’t be reduced easily, though they are passed from various 
treatment stages for their separation. The first step—primary treatment—includes 
basic physical methods for the separation of solids, large particles, and oils 
through screeners, primary clarifiers, and oil separators. The next step—secondary 
treatment—is where suspended and residual organic compounds are broken 
through biological agents; this treatment process is regarded as the core of the 
treatment unit. One of the simplest, most cost-effective, and high-performing 
treatment methods known is the aerated activated sludge treatment process. This 
treatment process includes the anaerobic and aerobic processes, which increases 
its efficiency in removing various soluble, biodegradable organic pollutants. 
Because of the rigid treatment regulations, the use of chemical oxidation and 
membrane-based techniques has increased for the treatment of industrial waste-
waters. The last step is the tertiary treatment process, which is considered as the 
polishing and finishing stage in the process of treating wastewater. This step uses 
activated carbon filters during treatment. This chapter will highlight the recent and 
most efficient treatment technologies, all will be discussed below. 

35 



4.1 CONVENTIONAL TREATMENT 
APPROACHES 

A combination of physical, chemical, and biological processes is included in 
the conventional wastewater treatment processes, which are not only operated 
to remove solids and organic materials but also nutrients from the waste-
waters. In endless ways, we can say that conventional treatment processes 
include different degrees of treatment levels for wastewater—preliminary, 
primary, secondary, and tertiary treatments. In most countries, the last or 
tertiary treatment step includes disinfectants for removing pathogens from 
wastewater. All these conventional wastewater treatment steps have been 
discussed below. 

4.1.1 Preliminary Treatments 

The aim of the preliminary treatment is the removal of massive and granular 
solids usually found in wastewater through various treatment operations—grit 
removal, coarse screening, and sometimes, comminuting particles. 
Comminuting the large particles helps in their removal (in the form of sludge) 
in continuous treatment processes. For smooth removal of these solid granules 
from the wastewater, it is important to enhance the operation as well as 
maintenance of the treatment units. To prevent the settling of organic mate-
rials, the high-velocity water or air is sustained through the grit chambers, 
which are maintained through flow measurement devices. In most of the 
wastewater treatment plants, the grit chamber method is not included as a 
preliminary treatment step. 

4.1.2 Primary Treatment 

After preliminary treatment, the wastewaters are subjected to primary treat-
ment processes, where settleable organic and inorganic solids are removed 
through sedimentation and floating materials are removed by gliding. During 
this step, ~50–70% of TSS (total suspended solids), 65% of oil and grease, 
and 25–50% of BOD (Biochemical oxygen demand) is removed. In the pri-
mary sedimentation separation process, some organic nitrogen, phosphorus, 
and heavy metals are removed, except for colloidal and dissolved con-
stituents. The effluents discharged from the sedimentation units are referred to 
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as primary effluent. The primary treatment has been regarded as the minimum 
level of pre-application treatment in most industrialized countries for the 
treatment of wastewaters used for irrigation purposes. If wastewaters are used 
for irrigating crops rather than human consumption, then it should be treated 
efficiently. To prevent any inconvenience in flow-equalizing or storing re-
servoirs, the wastewaters should be treated even though they are not utilized 
for irrigation purposes. 

The basins of the primary sedimentation tanks are kept either circular or 
rectangular, typically with a depth of 3–5 cm with a hydraulic retention time 
between 2–3 hours. Preliminary solids settled at the bottom of the tanks are 
removed through sludge rakes, which fix the sludge to the central well and from 
there, it is pumped to sludge processing units. The primary sludge in large 
sewage treatment plants is biologically processed through anaerobic digestions, 
where both anaerobic and facultative bacteria break down the organic materials 
into sludge—which reduces the disposal volume and improves their char-
acteristics. The process of anaerobic digestion is carried out in a 7–14 m deep in 
a covered tank for about ten days for high rate digestion and up to 60 or more 
days in standard digesters. The gas—methane—produced during the digestion 
process is recovered as a source of energy. The sludge produced from sewage 
treatment plants is directly applied in process storage and to the lands. 

4.1.3 Secondary Treatment 

After the primary treatment, the effluents are further subjected to secondary 
treatment for the removal of remaining organic residuals and suspended so-
lids. In most cases, secondary treatments are followed by the primary treat-
ments involving the removal of biodegradable organic materials by using 
aerobic treatment processes. Aerobic biological treatment processes meta-
bolize the organic materials present in the wastewaters by producing more 
microorganisms and some inorganic byproducts such as CO2, H2O, and NH3. 
Several aerobic biological methods are used in the secondary treatment 
processes based on the oxygen utilization by the microorganisms and the 
metabolization rate of the organic materials. 

After treatment processes, microorganisms should be separated from the 
treated effluents through the sedimentation process to produce simplified 
secondary effluents. The biological sludge recovered during secondary 
treatments is combined with the primary sludge for further sludge processing. 
The high-rate processes involved in secondary treatments include trickling 
filters, activated sludge, oxidation ditches, and rotating biological contactors, 
which are described below. 
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4.1.3.1 Trickling Filters 

In general, a trickling filter is a filter that consists of a basin or tower that is 
filled with supporting media—plastic shapes, stones, or wooden slats—where 
effluents are applied erratically or sometimes unremittingly. The micro-
organisms get attached on the surface of the supporting media, forming a 
biological film or layer where organic materials get metabolized by diffusing 
into the film. Oxygen is regularly supplied onto the biofilm layer through 
natural up or down the flow of air, depending on the relative temperature of 
the effluents being treated. As the new microorganisms grow, the thickness of 
the biofilm increases, which should be disposed periodically. The biofilm 
slops should be separated from the secondary clarifiers and discharged to 
sludge. Remaining liquids are regarded as secondary effluents. 

4.1.3.2 Activated Sludge 

In an activated sludge process, an aeration tank consisting of effluents and 
microorganisms are utilized and vigorously mixed through aeration devices, 
commonly including submerged diffusers which help supply oxygen to the 
microorganisms. To obtain the clarified secondary effluent, the microorgan-
isms are separated (through sedimentation) from the liquid effluent following 
the aeration steps. To maintain a higher level of mixed liquor suspended 
solids in the aeration tanks, a portion of biological sludge is regularly re-
cycled, and the rest are subjected to sludge processing to maintain a constant 
concentration of microorganisms in the system. Several other processes, such 
as oxidation ponds and extended aerations, are in widespread use and are 
identical to the basic activated sludge process with little variations. 

4.1.3.3 Rotating Biological Contactors (RBCs) 

These are fixed-film reactors like bio-filters where microorganisms attach to 
the supporting media. In this treatment process, the support media consists of 
various slowly rotating discs partially submerged in the reactor containing the 
wastewater. Oxygen is supplied to the microorganisms attached to the support 
media by the turbulence from the rotation of the discs. Typically, 85% of the 
BOD5 and suspended solids, along with some heavy metals, are removed 
initially from the raw effluents in this high-rate biological treatment process. 
The effluents generated from this are of a slightly low quality than the ef-
fluents released from activated sludge. When the effluent released from RBCs 
is disinfected, a substantial number of microorganisms remain; only a little 
amount of nitrogen, organic compounds, phosphorus, non-biodegradable, or 
dissolved minerals are removed. 
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4.1.4 Tertiary Treatment 

Tertiary treatment, more commonly known as advance wastewater treatment, 
removes specific wastewater constituents that were not removed by secondary 
treatment processes. Since advanced treatment methods (i.e., tertiary treat-
ments) usually follow high-rate secondary treatment processes, individual 
treatment processes become necessary for the removal of additional sus-
pended solids, dissolved solids, nitrogen, phosphorus, heavy metals, and or-
ganic materials. However, these advanced treatment techniques are 
sometimes used in place of secondary treatments or are combined with pri-
mary or secondary treatment methods. The wastewater from the primary 
clarifiers is flown to the reactors, which is separated into five zones—the first 
zone is meant to condition the group of bacteria responsible for the removal of 
phosphorus by adding stress under low oxidation-reduction conditions and 
rests for nitrogen gas removal. 

These biological treatment methods cost more than the activated sludge 
process. Additionally, these methods are regarded can be complex for de-
veloping countries as they require skilled operations to achieve consistent 
results. In most situations where the probability of risk to human exposure is 
high, the primary intention of the treatment is to reduce the enteric viruses or 
other pathogenic microorganisms. Viruses are reserved by suspended and 
colloidal solids in the water; for effective disinfection, these solids should 
be removed through advanced treatment before disinfection. Secondary 
treatment—when followed by chemical coagulation, sedimentation, filtration, 
and disinfection—produces a detectable virus-free effluent with the last step 
of ozonation treatment.  
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5 New 
Technologies 
Used in 
Wastewater 
Treatment  

Conventional wastewater treatment technologies have been used worldwide 
to remove the toxic pollutants and microbial contaminants present in waste
water, which has been a source of concern to the environment and public 
health. Over the last two decades, the efficacy of these processes has been 
limited because of two new challenges (Mallevialle et al., 1996).  

• The first challenge is the availability of fresh and quality water to 
the public. Wastewater-releasing sectors have been required to 
adhere to rules regarding the regulation of maximum contaminant 
levels (MCLs) in their sectors due to public concern regarding 
pollution and safety. Exacting standards have been set over the 
range of contaminants—nitrogen, phosphorus, sulfur, etc., and 
synthetic organic and inorganic compounds—because of their ad
verse effect on humans as well as the environment.  

• The second challenge is the rapid industrialization and population 
growth that contribute to the decrease in freshwater sources. 

The treatment of wastewater is particularly important, but the recovery of 
pollutants used during different processes and reusing of treated wastewater 
has also become critical. This creates more problems to the arid or semi-arid 
areas where the supply of freshwater—including irrigational water—is a 
prohibitive cost. The growing concern regarding the release of more toxic 
and recalcitrant compounds contaminating the freshwater sources is now 
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justifying the reclamation of the toxic wastewaters being released. Thus, 
advanced treatment technologies have been utilized to remove toxic pollu
tants that remained after conventional treatment technologies. The develop
ment of advanced treatment processes has improved in versatility and costs of 
these processes at an industrial scale. In a comparative study, it was de
termined that the cost of a new membrane filtration plant was at par with 
conventional treatment processes with a bulk of 20,000 m3/day (Wiesner 
et al., 1994). To utilize economic resources responsibly and resolve new 
challenges from conventional treatment equipment, several new treatment 
technologies—advance oxidation processes (AOPs), membrane filtration 
methods, and other green technologies like phytoremediation, bioremediation, 
algal treatment, etc.—have been proven to successfully remove a range of 
toxic contaminants from wastewaters. 

5.1 REVERSE OSMOSIS 

In arid and highly populated regions of the world, the industrial wastewater/ 
effluent recovered through different treatment processes has become a sus
tainable means of supplementing water. According to literary survey, the 
stumpy quality of the wastewater after their treatment, limited its reuse but their 
quality can be improved through a variety of treatment technologies. During the 
treatment processes of wastewater, removal of dissolved ions and other organic 
materials has been the most difficult. Reverse osmosis (RO) treatment has been 
proven to be the most effective method to remove dissolved and organic ma
terials; however, they might encounter operational issues due to the repugnant 
smell of the wastewater. These issues, if not treated properly, might stain RO 
membranes and lead to its frequent cleaning, increased plant downtime, high 
operating pressures, and shorter membrane life. After improving the process 
conditions and membrane products, a success has been reported by using RO 
membranes that result in less odor (Kochany, 2007). 

Reverse osmosis technology has been recognized as a successful process 
for removing salts and other impurities fromwastewater—improving its 
quality and restoring its reusability. Other benefits include reduced purchases, 
reduced discharge, and conservation of water resources. Reverse osmosis 
units are often a combination of the mechanical filter with an activated carbon 
filter. In this process, effluents first pass through a mechanical filter that re
moves sand and large particles. Then, they pass through a reverse osmosis 
unit, and lastly through an activated carbon filter to remove organic com
pounds. Wastewater is passed through a semipermeable membrane in the 
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reverse osmosis process, which helps reduce inorganic materials such as 
sulfate, calcium, magnesium, potassium, radium, nitrate, sodium, phosphorus, 
fluoride, and some organic matters such as pesticides. Drinking water con
taminated with naturally occurring arsenic has now become a very decisive 
problem in many parts of the world (Hare et al., 2017, 2018, 2019), so RO 
membranes are used to remove arsenic metal, which occurs naturally and 
contaminates drinking water through rock and mineral erosion, or due to 
human activities like coal burning, paper production, mining, and cement 
manufacturing. 

5.2 MEMBRANE TREATMENT 

One of the recognized key technologies for the separation of pollutants is 
membrane technology. Membranes used in this technology act as selective 
barriers—driven by any pressure gradient and chemical or electrical potential 
across the membranes—which separate two distinct phases, only permitting 
specific components. Since membrane technologies depend on physical se
paration without the addition of any chemical, they are the best alternative to 
conventional wastewater treatments such as coagulation, distillation, pre
cipitation, ion exchange, etc. (Mishra et al., 2019). The main appeal of this 
membrane technology process that makes it different is its less energy con
sumption, less processing steps, great split-up tendency, and higher quality of 
end product; however, their conflict to chemical, mechanical, and thermal 
effects limits application. Innovations and improvements regarding chemical 
and morphological designs of membrane materials—their element and 
module designing, anti-fouling membranes, etc.—are needed. 

Recently, three generic membrane bioreactors (MBRs) have been 
developed—a combination of membrane technology and biological reactors—for 
the treatment of wastewaters. The aim of this generic bioreactor is easy se
paration and retention of solids, good aeration without bubbles, and organic 
pollutants extraction from effluents. The membranes are used as a biological 
process for separating and retaining the biomass in the reactors. An increase in 
water consumption demand and their necessity have demonstrated the treatment 
processes related to effluents (Boman et al., 1991). From this point of view, the 
membrane filtration process offers immense potential applications in the treat
ment of a variety of industrial wastewaters, as described in Table 5.1. These 
processes are pressure-driven—capable of clarification, concentration, and se
paration of organic matters from effluents. Some of the most common membrane 
filtration types are: 
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TABLE 5.1 Application of membrane filtration in wastewater treatment      

Membrane 
filtration 

Wastewater 
source 

Alignment Consequential effects  

Ultrafiltration 
(UF) 

Pulp mill 
effluents 

Tubular Helps in removing COD, 
AOX, and toxicity up 
to 55–60%, 
65–75%, and 50% 
respectively which is 
>98.9% for removal 
of COD, AOX and Cl− 

with a combination 
of UF-RO 

Paper machine 
white paper 

Compact 
tubular, 
vibratory, 
high shear 
rotary 

Helps in producing 
water quality which is 
suitable for internal 
recycling; by 
adjusting the pH 
pretreatments can be 
done and fixative 
addition increases the 
flux by 20% 

Oil and grease 
waste 

Dead-end flats 
sheet; high 
shear rotary 

Helps in removing 
>97% of both oil & 
grease and 
suspended solids 

Brewery 
wastewater 

Hollow fiber Efficiently removes 82% 
of COD at the rate of 
2 kg COD (m3 d) 

Microfiltration 
(MF) 

Paper machine 
white paper 

Compact 
tubular, 
vibratory, 
high shear 
rotary 

Helps in producing 
water quality which is 
suitable for internal 
recycling; by 
adjusting the pH 
pretreatments can be 
done and fixative 
addition increases the 
flux by 20% 

Nano- 
filtration (NF) 

Papermill 
effluents 

Flat sheet 
test cell 

Helps in rejecting >98% 
of both TOC and 
color efficiently but 
results in 50% 
declination of flux at  
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5.2.1 Micro-Filtration 

Micro-filtration is a pretreatment process for reverse osmosis or nano- 
filtration, used to separate suspended solids; colloid particles form industrial 
effluents or macromolecules greater than the filtration size of 0.1–1 µm. This 
type of filtration process is used in dye baths of textile industries to separate 
dye pigments. Filters used in micro-filtration techniques are made up of 
specific polymers such as polycarbonate, polypropylene, polysulfone, 
polyether sulfone, polyvinylidene difluoride, polyvinylidene fluoride, 
polytetrafluoroethylene, etc. Whenever hot temperature or extraordinary 
chemical resistance operation is required during the treatment process, 
alumina, carbon, ceramic, glass, sintered metal, or zirconia-coated carbon 
membranes are employed in the micro-filtration technique. 

5.2.2 Ultra-Filtration 

Like micro-filtration, it is a pretreatment process for reverse osmosis and can 
be used in combination with biological reactors to remove heavy metal oxides 

TABLE 5.1 (continued)     

Membrane 
filtration 

Wastewater 
source 

Alignment Consequential effects  

the rate of 89% of 
water recovery 

Paper machine 
white paper 

Compact 
tubular, 
vibratory, 
high shear 
rotary 

Helps in producing 
water quality which is 
suitable for internal 
recycling; by 
adjusting the pH 
pretreatments can be 
done and fixative 
addition increases the 
flux by 20% 

Textile 
wastewater 

Tubular Helps in removing 
>99% of both color 
& copper and 85% of 
salt at a rate of 85% 
of water recovery   
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of 1 ppm or less. This process is mostly used for separating macromolecules 
and other pollutants such as dyes used in textile industries, but their elim
ination is only 31–76%. The main drawback of this process is that quality of 
the effluent after treatment does not allow its reuse for sensitive processes, 
and only 40% of the recycled wastewater can be used in stages where salinity 
is not a problem. The membranes used in this process are made up of poly
meric substances such as acrylic copolymers, nylon-6, polypropylene, poly
sulfone, polytetrafluoroethylene, polyvinyl chlorides, etc. 

5.2.3 Nano-Filtration 

Nano-filtration is a process that is used in combination with adsorption to 
reduce the polarization concentration during the treatment process. 
Nano-filtration membranes are tremendously sensitive to odor created by 
macromolecules and colloidal substances. The nano-filtration membranes 
are mostly composed of acetate and aromatic polyamides, which retain 
divalent ions, dyeing auxiliaries, hydrolyzed reactive dyes, large 
monovalent dyes, and low-molecular-weight organic compounds. Apart 
from these materials, the nano-filtration membranes are also made up of 
some inorganic materials such as carbon-based membranes, ceramics, 
zirconia, etc. According to survey, the typical nano-filtration flux rate is 
5–30 gross flow per day. Approximately 90% of color removal rate has 
been reported through treatment with a single nano-filtration process in 
textile effluents, and in the case of other effluents, a combination with 
micro-filtration was found to be a useful treatment process. The main 
drawback of this process is the accumulation of the dissolved solids, 
making discharge of treated effluents in channels almost impossible. The 
nano-filtration treatment process has been satisfactory in the textile 
wastewaters decolorization method. 

5.3 OXIDATION PROCESS 

The process where electron is transferred from one constituent to another 
is known as the oxidation process—it leads to a potential that helps other 
compounds obtain oxidation potentials. In terms of meeting with treated 
effluent legislation, chemical oxidation has appeared to be an appropriate 
elucidation that is used after the secondary treatment process for the 
destruction of non-biodegradable components. Chemical oxygen demand 
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(COD) is used as a reference parameter in the chemical oxidation 
treatment process. Effluent with smaller COD content can be treated 
easier than those with higher COD contents, since it requires the inges
tion of extreme amounts of costly reactants. The chemical oxidation 
processes have been divided into the following two types:  

1. Classical chemical process  
2. Advanced oxidation processes (AOPs) 

Solvents are not an integral part of any chemical compounds undergoing 
reactions; formerly, they play an essential role in synthesis and production. 
Solvents are extensively used in the classical chemical process to dissolve 
reactants, separate mixtures, extract and wash products, clean reaction gad
gets, and scatter products for normal applications. Though the invention of 
organic solvents has led to remarkable advances in chemistry, the legacy has 
resulted in various environmental and health concern. 

Advanced oxidation processes (AOPs) involve the generation of ex
tremely volatile radicals—usually hydroxyl radicals—to purify waste
waters in sufficient quantities at ambient temperature and pressure. AOPs 
are the most favorable method of treatment for contaminated wastewater, 
surface, and groundwater consisting of non-biodegradable organic pollu
tants. Most of the organic compounds are attacked by the extraordinary 
highly reactive hydroxyl radical species. 

These processes are unbelievably cheap, more efficient, and eco
friendly in biodegradation of toxic pollutants generated with wastewater. 
These toxic pollutants are degraded by hydroxyl radicals into harmless 
products. However, they also face technical and economic limitations 
during application, particularly at the site of wastewater generation or in 
permanent operations. The applications of different AOPs in treating 
wastewater has been given in Table 5.2. AOPs are required for large cri
tical treatment units to deal with the high COD level to meet strict treat
ment limits. AOPs have been found to be extremely useful in converting 
recalcitrant compounds into intermediate compounds that are acquiescent 
to the biological oxidation process. Among several treatment methods of 
AOPs, Fenton’s reagent has been found to be the most efficient for the 
treatment of industrial wastewaters containing pollutants like dyes, pes
ticides, surfactants, organic compounds, etc. One of the advantages of 
Fenton’s reagent is that there is no need for energy to activate hydrogen 
radicals. Other oxidation processes existing are as follows: 
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5.3.1 The Oxidative Process with Hydrogen  
Peroxide 

This treatment process is an alternative of two systems (i.e., homogeneous 
and heterogeneous systems). In homogeneous systems, visible light or UV 
light, soluble catalysts (i.e., Fenton reagents), and ozone or peroxidase- 
like chemical activators are used; however, clays, semiconductors, zeo
lites with or without ultraviolet lights are used in heterogeneous systems. 
Usually, hydrogen peroxides are used as soluble catalysts and are acti
vated by iron salts to form hydroxyl radicals, which are more potent 
oxidants compared to hydrogen peroxide and ozone. When there is little 
discharge of wastewater or non-availability of any bio-treatment process 

TABLE 5.2 Application of Advanced Oxidation Processes (AOPs) in  
wastewater treatment     

Methods Applications Consequential effects  

O3 Removal of Fe and Mn Increases with increase in ratio of O3 

Control of taste and odor Efficiently reduces the odd taste 
and odor 

Removing color Reduction of 70% color from effluents 
of pulp and paper 

Removal of Algae Helps in removing algae by enhanced 
filtration method 

Helps in disinfection Process takes place by following removal 
criteria as bacteria > virus > Giardia > 
Cryptosporidium 

O3-H2O2 Control of odor and 
taste, disinfection, 
and DBP 

Helps in removing ~90% of 2- 
methylisoborneol and geosmin, 
reduces DBP formation at the lowest 

O3-UV Destruction of 
micropollutants 

Helps in oxidation of trihalomethanes, 
chloroform, PCBs, 
bromodichloromethane, 
Trichloroethylene, etc. 

H2O2-UV Oxidation of SOC Helps in removing 99% of atrazine from 
oxidation with its faster rates   
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at industrial sites, chemical oxidation treatment processes can be re
commended instead of installing any central biological effluent treatment 
plant (Crittenden et al., 1999). The benefits of using these processes are 
the reduction of effluent color, COD, toxicity, and assistance in removing 
soluble and insoluble organic substances. 

5.3.2 The Oxidative Process with Sodium  
Hypochlorite 

In this type of treatment process, the molecules with amino groups are 
being attacked by the Cl2 and initiates and accelerates the cleavage of azo 
bonds. During the treatment of dye-containing wastewaters released from 
textile industries, the increase in the concentration of chlorine molecules 
favors the decolorization process by removing the dye molecules and 
decreasing the pH of the wastewater. However, due to the release of 
aromatic amines and other toxic molecules, this treatment process has 
found to be inappropriate in removing disperse dyes, eventually becoming 
less frequent (Mani et al., 2019). 

5.3.3 Ozonation Process 

During this process, ozone—a powerful oxidizing agent—is used to de
compose and cleave the aromatic rings of organic pollutants and textile dyes 
released with industrial wastewaters. The organic pollutants with conjugated 
double bonds that form smaller molecules with increased toxic and carci
nogenic properties are decomposed by ozone and prevents this process. 
Aside from this, the ozonation process can be used together with physical 
methods such as adsorption, irradiation, membrane separation, etc. Ozone 
reacts efficiently—at very low pH through direct reaction pathways—to the 
chromophoric bonds of molecules, since ozone can be applied at a gaseous 
state without increasing the volume of sludge or wastewater, proving this 
process to be beneficial. However, its half-life of ~20 min, destabilization 
due to the presence of salts, pH, temperature, and installation costs for 
ozonation plants are considerable disadvantages of this process. Further, the 
performance of the ozonation process can be improved in combination with 
membrane filtration technique or irradiation technique. 
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5.3.4 The Photochemical and Electrochemical  
Oxidation Process 

During UV treatments, the presence of H+ decomposes high molecular or
ganic molecules into low weight organic molecules or COO, other inorganic 
oxides, hydrides, etc. Also, other additional byproducts such as metals, in
organic and organic acids, halides, and organic aldehydes can be produced 
during treatment based on the original materials and treatment process (Yang 
et al., 2006). The decomposition of the compounds begins by the formation of 
hydroxyl and hydroperoxide radicals. The treatment of the wastewater takes 
place in a batch culture column set-up or in a continuous culture column, 
where the treatment intensity is influenced by the pH, UV radiation, structure 
of the compound, and composition. In the photo-oxidation treatment process, 
the high-performance rate has been reported in the presence of hydrogen 
peroxide (Anjaneyulu et al., 2005; Zaharia et al., 2009). 

The electrochemical oxidation process is considered as an advanced 
treatment process that offers high removal efficiency for dye-containing in
dustrial wastewaters, especially metal complex dyes, acid dyes, and disperse 
dyes. Because of its easy set-up, operation, easy control, no additional che
mical requirement, and low-temperature work, this procedure has a high- 
value advantage. The reactors used in this treatment process are highly 
compact, which prevents the generation of undesirable byproducts. 
Hypochlorite ion or hypochlorous acid is the primary oxidizing agent used in 
this process, and these are formed from resulting chloride ions. Other than 
this, hydroxyl radical and some other reactive species also work as electro
chemical oxidation agent directly or indirectly at the anode. This treatment 
method is considered as an economically efficient approach in treating re
cycled textile wastewater generated during the dyeing stage. Like other 
treatment methods, the advantage of this treatment approach is the reduction 
in the generation of gases, solid wastes, and liquid effluents, but the release of 
metallic hydroxide sludge is a disadvantage to this method. 

5.3.5 Comparison between Different  
Advanced Oxidation Processes 

The oxidation of organic compounds is facilitated during the generation of 
hydroxyl radicals in most advanced oxidation processes (AOPs) helping in 
the treatment of wastewater by detoxifying the intractable organic and in
organic compounds. Based on several laboratory tests and limited applica
tions in industries, it is assumed that advanced oxidation processes suggest 
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several advantages over existing conventional treatment procedures due to the 
following reasons:  

i. Are very operational in the process of removing organic compounds; 
ii. If desired, they can completely mineralize the organic con

taminants in carbon dioxide;  
iii. They can be resistant to toxic chemicals; and  
iv. Most importantly, less generation of toxic by-products. 

Since hydroxyl radicals are not stable in water, the use of AOPs can lower the 
effect of disinfectant concentration and consequently offer less convenience 
in microbial sterilization. However, very few pieces of evidence are available 
on whether complete mineralization of organic compounds is practical on an 
economic or essential basis. AOPs can also be applied in the pre-treatment 
process for partial oxidation processes of organic materials—which are either 
too harmful or resistant to biological degradation. Despite having similarities, 
each AOP requires a different type of initiators for hydroxyl radical gen
eration, with variation in their generation costs. 

Among all the AOPs discussed here, the O3-H2O2 process is the most 
comprehensive application due to its low cost and high efficacy. The 
H2O2-UV process is very simple, since only H2O2 chemical is required for 
this process, can easily be stored for a long time, costs only 30% of the 
solution, and can be used in the process only at a demand of the metering 
pump, which gives this process a distinctive advantage. H2O2 is a miscible 
liquid that gets mixed with water without creating any problem during 
transfers, making this process advantageous for small systems requiring 
minimal maintenance, discontinuous operation, or both. Sometimes, the 
materials in water may intensely absorb UV rays making the H2O2-UV 
process less effective because of the lagging of radical reaction instigation 
(Zhou and Smith, 2002). 

At higher pH, the consumption of ozone has restricted usage as it re
quires a large quantity of neutralizing chemicals—that’s why the O3-UV 
process is less preferred than the O3-H2O2 and H2O2-UV processes. 
However, when the pollutants have strong UV absorbance capacity to be 
oxidized, then these ozonation based processes can be applied at low flow 
rates. Lastly, the least used processes are a photo-catalytic process that also 
offers various advantages like no additional H2O2 requirement, reusable 
photocatalysts, and use of natural radiations as a source of light for activating 
catalysts. Currently, these processes undergo low quantum production for 
radical initiation. 
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5.4 BIOAUGMENTATION 

The toxic organic pollutants in industrial effluents or activated sludge are 
biologically degraded using microorganisms. However, there are few overly 
complex structured pollutants that do not easily get degenerated and are re
sistant to biodegradability in wastewater. To overcome these restrictions, 
bioaugmentation strategies or processes are used. Bioaugmentation is a pro
cess that has the capacity to biodegrade recalcitrant pollutants, along with 
microorganisms, which contaminate our environment (Semrany et al., 2012). 
When compared with physico-chemical treatment approaches, the bioaug
mentation process is found to be cost-effective as well as eco-friendly 
(Figure 5.1). Different bioaugmentation approaches have been reviewed, in
cluding challenges that occur during wastewater treatments (Herrero and 
Stuckey, 2015). 

Despite unpredictable bioaugmentation outcomes, it has been em
phasized in agricultural and wastewater treatment plants for years. When 
compared with other wastewater treatment processes, this process is still 
thought to be less predictable and better regulated as it results in the 
demolition of toxic pollutants (Boon et al., 2000). The bioaugmentation 

FIGURE 5.1 Different types of pollutants source and mitigation strategies.  
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process takes advantage of using different microbial consortia, which 
were designed for specific physico-chemical possessions of bioprocess, 
because this approach was found to be more efficient than utilizing un
decided inocula. 

5.4.1 Removal of Recalcitrant Pollutants from 
Industrial Wastewater 

Industrial wastewaters consist of naturally occurring microorganisms that 
have the capacity of degrading a range of pollutants; however, pollutants 
that are non-biodegradable are also present in the effluent. Low water so
lubility, low bioavailability, high stability, high toxicity, and low 
biodegradability—along with some compounds that are not utilized effi
ciently in the form of substrates by metabolic enzyme activity of 
microbes—are some factors that make pollutants resistant (Chandra and 
Chowdhary, 2015). Certain pollutants comprised of complex chemical 
structures require different microorganisms for its degradation, but at the 
same time, it’s not necessary that all microorganisms are present in 
the environment. Sometimes, new recalcitrant compounds get generated into 
the wastewater, and microorganisms have yet to adapt to those compounds 
as their substrate (Providenti et al., 1993). The bioaugmentation process is 
used to overcome these challenges as one of the advantages of this treatment 
technology is that it can be personalized according to the dominant pollutant 
in the environment. Thus, this treatment technology is regarded as an ap
pealing approach when dealing with both pollutants in higher concentrations 
and emerging pollutants in increasing numbers. Several researchers have 
been focused on testing the bioaugmentation treatment technology strategies 
in the cleaning of wastewaters by keeping an eye on recalcitrant pollutants 
from over the last decade. 

5.4.2 Applications of Bioaugmentation In 
Removing Different Pollutants 

5.4.2.1 Removal of Chlorinated and Fluorinated 
Compounds 

Halogenated compounds have been utilized in several ways such as ad
hesives, degreasing agents, fungicides, lubricants, plastic components, 
pesticides, and wood preservatives (Mattes et al., 2010). In a study in 
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2012, it was estimated that a total of 764,000 m3 tons of chlorinated 
solvents were used worldwide both in industries and at homes, leading to 
wastewater contamination—which bioaugmentation treatment methods 
have efficiently removed (Loffler et al., 2013). In an experiment with 
synthetic wastewater medium supplemented with activated sludge (AS), it 
was shown that the bacteria Acinetobacter sp. TW and Comamonas tes
tosterone I2 were found to biodegrade 4-fluoroaniline and 3-chloroaniline, 
respectively, with optimum conditions favoring colonization and biofilm 
formation that increased the significant rate of biodegradation (Boon et al., 
2000; Wang et al., 2013). In another study in a laboratory, 2,4- 
dichlorophenol was biodegraded by bioaugmentation method with the 
bacterial consortium in synthetic wastewater medium enriched with acti
vated sludge (Quan et al., 2004). Puyol et al. (2015) reported increased 
biodegradation of 2,4,6-trichlorophenol after bioaugmentation with 
Desulfito bacterium sp. by using a fluidized bed biofilm reactor (FBBR) 
and expanded granular sludge bed (EGSB). These studies were made only 
in laboratory settings; therefore, the removal of these halogenated com
pounds at full-scale wastewater treatment plants by bioaugmentation still a 
matter of concern. 

5.4.2.2 Removal of Lignin Compound 

Another experiment successfully conducted is the degrading of lignin 
compounds from the paper industry through bioaugmentation. Pulp and 
paper industries generate a huge volume of wastewaters known as black 
liquor, which has high lignin content. It is estimated that for a production of 
one ton of pulp, around seven tons of wastewater is generated (Biermann, 
1993; Zainith et al., 2019). Along with lignin, black liquor consists of 
polysaccharides and resinous compounds. Since lignin-degrading micro
organisms are not commonly found in pulp and paper wastewater, natural 
biological treatment with activated sludge is not efficient in removing all 
these compounds (Wu et al., 2005). To remove specific pollutants origi
nating in black liquor, the selection and addition of potent lignin- 
biodegrading microorganisms into wastewaters is a sensible strategy 
(Chowdhary et al., 2020b; Zainith et al., 2020). A microbial consortium 
consisting of Comamonas B-9 and Pandoraea B-6 (bacteria) and 
Aspergillus F-1 (Fungus) was prepared by isolating from AS through se
quence batch reactor (SBR) and was tested in degrading lignocellulose 
compounds. Their results suggested that at a laboratory scale, bioaugmented 
AS enhanced the lignin removal ~>50%, consisting of SBR with a working 
volume of 2 L (Zhang et al., 2013). This research showed that 
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bioaugmentation could be an alternative process in enhancing the biological 
treatment of lignin-containing wastewater. 

5.4.2.3 Removal of Cyanides 

One of the most toxic compounds released from the steel industry by burning 
coal during the cooking process is cyanides; therefore, it is necessary to treat 
the industrial wastewater before their disposal. The biological removal of 
cyanides can be enhanced by adding cyanide-degrading yeast Cryptococcus 
humicolus and an unidentified microorganism constituting ferric cyanide into 
wastewater through the bioaugmentation process. However, this process 
proved to be less efficient in biodegrading ferric cyanide in wastewater be
cause of the poor settling process and slow biodegradation. Therefore, more 
study is needed on this approach to make it more efficient in removing cy
anides from wastewater (Park et al., 2008). 

5.4.2.4 Removal of Diethylene Glycol Monobutyl Ether 

Polar solvents such as glycol ethers, glycol monobutyl ether, and diethylene 
glycol monobutyl ether (DGBE) can easily mix with water and organic 
chemicals and are most used in cleaners and paints. These solvents have 
shown toxic effects on animal models, are very cumbersome during biode
gradation, and strongly accumulate in the environment after being discharged 
in industrial wastewaters. Chen et al. (2016) studied the potentiality of 
Serratia sp. strain isolated from contaminated wastewater of the silicon plate 
industry on the removal of DGBE with bioaugmentation and found an in
creased rate of DGBE removal rate both at the laboratory and full-scale level 
(Sitarek et al., 2012). 

5.4.2.5 Removal of Nicotine 

Nicotine, a carcinogen, is released in the wastewaters from tobacco industries 
along with other toxic substances. For a ton of cigarettes, 60 tons of con
taminated wastewaters are released into the environment (Zhong et al., 2010). 
The bioaugmentation process is evaluated as a strong strategy for removing 
these pollutants and several microorganisms (Acinetobacter sp. and 
Sphingomonas sp.) that have been identified as capable of biodegrading ni
cotine (Wang et al., 2011). Wang et al. (2013) studied the bioaugmentation 
effect with Acinetobacter sp. on nicotine biodegradation and found increased 
nicotine removal from ~10% in a controlled reactor to 98% in a bioaugmented 
reactor. Comparable results were also reported with another nicotine biode
grading bacterial strain Pseudomonas sp. HF-1 is a sequence batch reactor 
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showing bioaugmentation benefits in nicotine removal (Wang et al., 2009). 
However, these studies were made on a small scale, and to date, no report is 
available showing a study on tobacco wastewater treatment plants. 

5.4.2.6 Removal of Polycyclic Aromatic Hydrocarbons 
and Heterocyclic Compounds 

Polycyclic Aromatic hydrocarbons (PAHs) are another type of pollutants found 
frequently in industrial wastewaters—in petroleum products, coal conversion 
industries, and organic material synthesis. Polycyclic aromatic compounds are 
recalcitrant compounds that do not degrade and persists in the environment for 
an extended period, consequently causing toxic and hazardous effects on hu
mans and the environment. One of the most toxic PAHs is a naphthalene 
compound. Its removal test was performed using Streptomyces sp. strain through 
bioaugmentation in the wastewater of coal gasification in a membrane bior
eactor, and results showed its significant elimination from wastewater (Xu et al., 
2015). Zhu et al. (2015) performed a similar test on the bioaugmentation 
of cooking wastewater with a developed consortium of five strains of 
Pseudomonas sp. and Paracoccus denitificans and this bioaugmentation process 
assisted the removal of pollutants carbazole, naphthalene, phenol, pyridine, and 
quinoline found in cooking wastewater. In another study, phenol present in 
wastewater from coal gasification was removed using a mixture of phenol- 
degrading bacterial on biological contact oxidation reactor, but the bacterial 
species name was not revealed (Fang et al., 2013). 

5.4.2.7 Removal of Pyridine and Quinoline Compounds 

Pyridines and quinolines are N-heterocyclic compounds that are used as solvents 
for paints, dyes, and wood treating chemicals and are found as raw materials in 
pharmaceutical and industrial wastes and, subsequently, in industrial waste
waters. Quinolines—carcinogenic compounds—are recalcitrant compounds that 
are commonly found in coal tar and petroleum products. They persist in the 
environment because of their low biodegradability. In a study, enhanced biode
gradation of quinoline present in petroleum refinery wastewater was reported by 
using Bacillus sp., which was isolated from the soil through the batch reactor 
(Tuo et al., 2012). In another study, pyridine and quinoline were successfully 
biodegraded by Paracoccus sp. and Pseudomonas sp. bioaugmented with was
tewater medium. In this study, though, the level of pyridine and quinoline was 
reduced, but the nitrogen content was reported to remain high (Bai et al., 2009). 
To overcome this challenge, another study was performed using the same mi
croorganisms in an SBR reactor with modified zeolite, which contributed to the 
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removal of nitrogen through adsorption and results showed reduced pyridine, 
quinoline, and nitrogen content in the medium (Bai et al., 2010). The increased 
removal of pyridine was also reported through the bioaugmentation of industrial 
wastewater using SBR with Rhizobium sp. and in a membrane batch reactor 
(MBR) with Paracoccus denitrificans (Liu et al., 2015; Wen et al., 2013). To 
date, no further study has been reported in the removal of pyridine and quinoline. 

5.4.2.8 Removal of Synthetic Dyes 

Primarily used synthetic dyes are azo and anthraquinone based molecules that 
are used on a wide range in textile industries, and ~7 × 105 tons of dyes are 
produced yearly. Among these dyes, it is estimated that ~2–10% can con
taminate the environment through industrial wastewater (Fan et al., 2008). One 
of the largest and diverse groups of dyes is azo dyes, which are found to be 
resistant to biodegradation with conventional activated sludge treatment 
methods (Pandey et al., 2007). Increased removal of an azo dye, Acid Orange 7, 
was reported through bioaugmentation with Shewanella sp. XB in a membrane 
aerated biofilm reactor (Wang et al., 2012). To produce anthraquinone dyes, 
bromoamine acid (BAA)—a very toxic and recalcitrant compound—is required 
as a major intermediate product. To produce dye, industries produce BAA, 
which contaminates wastewaters. Therefore, BAA biodegrading strain 
Sphingomonas sp. was isolated and bioaugmented with micro-electrolysis and 
biological aerated filtration process of wastewater (Fan et al., 2008, 2009). Still, 
a successful study is needed for the removal of synthetic dyes at the full scale of 
treatment plants. 

5.4.3 Limitations of Bioaugmentation Process 
Treatment 

The treatment of industrial wastewaters through bioaugmentation has been 
extensively and successfully used at a laboratory scale with very encouraging 
outcomes, but these results have not yet been applied on full-scale wastewater 
treatment plants. Along with the successful removal of pollutants from both 
soil and water (surface and ground) by the bioaugmentation process, a number 
of failures of the bioaugmentation process have also been reported 
(Kalogerakis, 2016; Stroo et al., 2013). When studying full-scale wastewater 
treatment plants, researchers observed a decrease in the number of exogenous 
microorganisms as soon they are added to any site. Several factors have been 
explained as a reason for the death of microorganisms—which includes biotic 
and abiotic stresses. These stressors occur due to competition between 
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introduced and indigenous microorganisms, temperature changes, pH, in
sufficient substrates, nutrient limitations, phase infections, grazing by pro
tozoa, pollutant load shock, and quorum sensing (QS), which might be a 
reason to full-scale wastewater treatment failures. Apart from all these, one 
successful full-scale bioaugmentation treatment method has been reported for 
in-situ removal of chlorinated solvents—mainly chlorinated ethenes—from 
groundwater by using the Dehalococcoides group of anaerobic bacteria 
(Bouchez et al., 2000; Stroo et al., 2013). To overcome these limitations, 
documented evidence on failures and strategies of bioaugmentation can be 
used in the future. 

5.5 ALGAL TREATMENT 

The amount of wastewaters increased along with population growth ac
companied by greater water utilization due to urbanization and in
dustrialization. This is the top reason for the rapid increase in water 
pollution and one of the critical environmental problems to be focused on. In 
most developing countries like India, the conventional methods for the 
treatment of industrial wastewaters are too costly non-economical therefor, 
so green technological methods are being opted and introduced to solve the 
issues related with conventional technologies (Bharagava and Chowdhary, 
2018; Chowdhary et al., 2020a) An example of a green technology that has 
gained importance is the application of microalgae. It has been accepted 
worldwide for the last 50 years and is found to be as effective as other 
conventional treatment methods (Sen et al., 2013). Nowadays, microalgae 
are used as a potential biological agent for the treatment of industrial 
wastewater as well as an alternative source of energy. This treatment is one 
of the best and most trusted technologies in treating environmental-related 
problems such as climate change—by consuming high CO2 levels produced 
during photosynthesis and producing oxygen and glucose—global warming, 
and the increased ozone hole (Ahmad et al., 2012). It can utilize different 
sources such as carbon dioxide, sunlight, and various other nutrients in 
removing organic and inorganic toxic compounds, heavy metals, nutrients, 
and other impurities present in industrial wastewater. 

One of the advantage of algal treatment system is that they absorb 
harmful solar radiation and use them as a source of energy in their chloroplast 
cells; they utilize carbon dioxide along with other nutrients present in was
tewater to synthesize their biomass and produce oxygen. To metabolize the 
residual organic compounds, present in the treated industrial wastewater 
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through aerobic bacterial systems, the oxygen produced by these microalgae 
is found to be more sufficient. Algae release simple organic materials in 
massive amounts, which can be adapted for the aqueous system. At the same 
time, bacteria consist of carbon dioxide, which promotes algal growth and 
encourages the release of organic growth factors and vitamins and maintains 
pH level for the growth of algae (Sekaran et al., 2013). The relation between 
the maximum yields of biomass regarding biological nutrients (which can be 
consumed either wholly or partially depending on the nutritional value pre
sent in a water body) used for algal growth is determined through Algal 
Growth Potential (AGP) (Travieso et al., 1999). The effluents are rich in 
nutrients that are generated from any industry, which should be treated well 
before discharge into any water body where they can cause eutrophication. 
However, this recycling process increases the overall cost and might disrupt 
the full treatment process due to the accumulation of phosphorus. To over
come this situation, a possible solution is the incorporation or growth of algae 
(since it grows very well in wastewater and can treat nutrient-rich wastewater) 
by utilizing carbon dioxide gas released from the chimney of power plant 
(Omatoyo et al., 2013). This capability of the algal system to grow in nutrient- 
rich wastewater (nitrogen, phosphorus, and other minerals) can help treat 
various types of wastewaters—domestic, agricultural, sewage, municipal, and 
other industrial wastewaters—generated vigorously. This microalgae-based 
treatment method shows several benefits since these are aquatic micro
organisms that do not require any type of cultivational land for their growth. 
Indeed, microalgae can be cultivated with fewer uses in a minimal land, and 
water used during cultivation can be fresh, saline, or even waste—twice the 
seawater concentration of salt can be used very effectively (Matthew, 2008). 

5.5.1 Factors Affecting Microalgae Growth 

5.5.1.1 Sunlight 

Since microalgae are unicellular photosynthetic microorganisms, it requires sun
light energy for growth. They utilize sunlight and convert it into organic mole
cules (carbohydrates). The absence of sunlight reduces the growth of microalgae. 

5.5.1.2 Carbon Dioxide (CO2) 

Carbon Dioxide is a significant contributor to global warming because of its 
daily increase in atmospheric level, but its potential effects are still being 
understood (Yafei, 2014). Microalgae use sunlight and carbon dioxide to 
prepare their food through photosynthetic activity, and in return, release 

5 • New Technologies in Wastewater Treatment 59 



oxygen into the environment. Microalgae not only utilizes atmospheric 
carbon dioxide but also fixes CO2 from different other sources such as in
dustrial released gases, wastewaters, and soluble carbonates as their source of 
carbon for growth. According to Yafei (2014), ~50% of carbon is contained in 
the microalgal cells from which 1 kg of biomass is produced by fixing 1.8 kg 
of carbon dioxide—which is why they are considered to be more efficient 
than terrestrial plants in fixing CO2. 

5.5.1.3 Nutrient Sources 

The utilization of nutrient-rich industrial and municipal wastewaters as a 
source of feedstock in the production of microalga has met with economical 
and eco-friendly benefits (Belinda and Stacey, 2011). Microalgae are fed into 
the wastewater consisting of nutrients like phosphorus, sulfur, nitrogen, iron, 
toxins, and heavy metals to produce microbial biomass. Among these nu
trients, nitrogen and phosphorus (after CO2) are considered to be the most 
vital for microalgae growth. Microalgae use phosphorus as a source of in
organic compound (in the form of orthophosphate) for their growth (Karin, 
2006). Wastewater consists of all types of macronutrients and micronutrients, 
helping the growth of microalgae. 

5.5.1.4 pH 

The pH level of wastewater may affect the growth of microalgae and the 
treatment process of wastewaters. The pH level regulates the availability 
of specific types of inorganic carbon sources, and if the pH level increases 
for any reason, then photosynthetic carbon dioxide gets exhausted (Karin, 
2006). Also, high pH and dissolved oxygen concentration cause phos
phorus sedimentation and removal of hydrogen sulfur as well as ammonia, 
whereas in algal ponds, high pH leads to pathogen disinfection. Studies on 
cyanobacterium Anabaena variabilis reported that at pH 8.2‒8.4, the 
optimal productivity is obtained, while a pH of 7.4–7.8, slightly lower, 
and decreased growth has been reported at pH above 9. The cells 
of cyanobacterium were found to be unable to grow at pH 9.7–9.9 
(Fontes et al., 1987). 

5.5.1.5 Temperature 

Temperature plays an important role during microalgal growth because an 
increase in temperature might increase the photosynthesis rate, which en
hances the algal biomass. Too much light might lower the photosynthetic 
effectivity, which is known as photoinhibition. Algal growth increases with 
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temperature, until the optimum level is obtained. Further increase might lead 
to rapid growth reduction of algae. For maximum algal growth, the optimized 
temperature is reported to be between 20 and 30 °C. 

5.6 MISCELLANEOUS METHODS 

Among other biological treatment approaches described below, there are few 
green technologies applied for the remediation of industrial wastewaters 
containing a variety of pollutants. 

5.6.1 Engineered Wetlands 

These are the manmade wetland systems that are eco-friendly and were 
planned for removing highly recalcitrant toxic products from the wastewaters 
generated from different industries into the environment. These wetlands are 
constructed by utilizing the naturally occurring bio-geochemical processing of 
the soil microbes and treating the industrial wastewaters with them to recover 
the wastewater with useful nutrient qualities. Plant-associated microorgan
isms play an essential role in the constructed wetlands, which helps in the 
degradation and detoxification of the recalcitrant toxic pollutants into less 
toxic compounds (Kabra et al., 2012). This process is the most appealing and 
profitable approach in the remediation of a wide range of waste products 
discharged along with different types of industrial wastewaters. The wetlands 
are rich in rhizospheric microorganisms, which play a significant role in re
moving non-essential nutrients and contaminants like heavy metals from the 
industrial wastewater being used for treatment (Bai et al., 2014). Along with 
microorganisms, some aquatic macrophytes such as Azolla, Eichornia, Typha, 
etc., are found to be capable in removing or detoxifying heavy metal con
taminants in wetlands. 

5.6.2 Bioremediation 

The bioremediation process is the most effective, eco-friendly, and cost- 
effective approach for the management of harmful and toxic pollutants con
taining industrial wastewaters. This process utilizes metabolic potentials of 
naturally occurring living agents—principally microorganisms—for degrading 
and reducing toxic pollutants into less toxic products through mineralization 
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under in-situ or ex-situ conditions. Bioremediation is a terminology describing 
various environmental-friendly techniques such as composting, bio-stimulation, 
rhizofiltration, bioaugmentation, bioventing, bioleaching, land-farming, etc. To 
get the benefits from the bioremediation process, microorganisms must grow 
and survive in a polluted atmosphere where are affected by a variety of biotic 
and abiotic factors directly or indirectly. The bioremediation process takes 
place in three phases: in the first phase, toxic industrial wastes are reduced by 
naturally occurring indigenous microorganisms such as Bacillus, Pseudomonas, 
Micrococcus, Mycobacterium, etc. In the second phase, nutrients and oxygen 
are supplied to enhance the efficacy of the biodegradation process; while in the 
third phase, other microbes are added to the system to further increase the 
efficacy and degradation of the targeted toxicants (Megharaj et al., 2011). 

5.6.3 Phytoremediation 

For the removal and degradation of industrial wastewater pollutants, an al
ternative technology known as phytoremediation or plant-mediated re
mediation is being used, which utilizes the whole plant or their specific parts 
for treatment. This whole technology is a plant-based green technology 
that can accumulate substantial concentrations of poisonous chemicals. 
Phytoremediation technology involves five different physiological plant 
mechanisms—phytoextraction, rhizofiltration, phytostabilization, phytode
gradation, and phytovolatilization. It is an innovative technology that helps in 
understanding the plant-microbe association and uses mutualism in estab
lishing a healthy relationship in the rhizospheric region of plants for detox
ification or degradation of lethal pollutants from the environment. Plants such 
as Arbidopsis sp., Sedum alfredii sp., and Thlapsi sp. has been reported to be 
hyperaccumulators, which have great potential in accumulating high con
centrations of harmful metals and translocating them into parts of plants that 
can easily be harvested for maximum reduction of pollutants (Kabeer et al., 
2014). The use of these plants is proven to be a cost-effective and abundantly 
available method, which has provided substantial assistance in creating a 
pollution-free and green environment (Figure 5.1).  
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6 Merits and 
Demerits of 
Conventional 
vs. New 
Technologies  

Water pollution is defined as pollution created in water by adding one or more 
constituents that modify water in a way that causes problems to humans, 
animals, and the environment. The major concern of water pollution is the 
chemicals with it, which has become a priority for society and public spe-
cialists and, most importantly, the industrial world responsible for these 
problems. The prime cause of water pollution is the release of chemicals with 
other toxic materials from multiple sources (chemical fertilizers, energy use, 
industrial wastes, pesticides, mining activities, radioactive wastes, sewage and 
wastes, urban development, etc.). The fact is that water is used at every step 
of each process—whether agricultural, domestic, or industrial—which pro-
duces contaminated water. Therefore, a constant effort should be made to 
protect water resources. 

In developing countries, the legislation is becoming extremely strict re-
garding the release of industrial wastewater and has imposed treatment pro-
cesses before their disposal into the environment. Recently, in Europe, 
guidelines have been established for the protection of surface water, under-
ground water, and coastal water. Industrial sectors should innovate and reduce 
or eliminate the dangerous and priority substances from the wastewater before 
their release. In the context of sustainable development, the recycling of ef-
fluents is gaining active attention from industries as better waste management 
towards health concerns. Simple wastewater treatment technologies can be 
designed to provide low-cost sanitation and environmental protection while 
providing additional benefits from the reuse of water. Therefore, the treatment 
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of effluent should be a top priority. Several conventional and modern tech-
nologies—including physical, chemical, and biological processes—have been 
reported during the past three decades, such as floatation, oxidation, ad-
sorption, membrane filtration, biodegradation, bioaugmentation, etc. All these 
processes have their own merits and demerits, not only in cost but also in 
efficiency, viability, and environmental impact. Presently, no single process is 
considered as an adequate treatment because of the complex nature of the 
effluents released. However, the combination of one or more methods usually 
achieve desirable water quality in an economical way. 

6.1 AVAILABLE TECHNOLOGIES FOR 
REMOVING POLLUTANTS 

Established conventional wastewater treatment processes to remove solid 
pollutants are combinations of physical, chemical, and biological processes 
that help reduce or eliminate soluble contaminants, nutrients, organic and 
inorganic materials, etc. from effluents. Apart from these technologies, new 
emerging methods—including reverse osmosis, membrane filtration, 
bioaugmentation, algal treatments, etc.—has been established to obtain a 
higher quality of liquid effluent, which can be recycled. The selection of any 
conventional or modern treatment method depends on the characteristics of 
the effluent discharged and, most importantly, less consumption. 

In the current scenario, the development of a cheaper, effective, and 
innovative method for the treatment of industrial wastewater/effluent is an 
active research area of interest according to the numerous publications during 
recent years. At present, protecting the environment—particularly problems 
related to water pollution—has become the primary concern of the public, 
industrialists, scientists, researchers, and decision-makers at national and in-
ternational levels. Due to the public demand on pollutant-free effluents dis-
charged from industries to the receiving water bodies, their treatment and 
decontamination has now become top priorities—which is a complicated and 
challenging task. The development of any universal and new method used to 
examine and eliminate all contaminants/pollutants from wastewaters is even 
more difficult. This book describes the merits as well as demerits of all 
technologies (such as conventional and recent emerging methods) available 
for the wastewater treatment processes, as described in Table 6.1.  
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7 Prospects  
of New 
Technologies  

In emerging and developing countries, a shortage of technical staff for 
handling operations and maintenance is one of the critical challenges the 
increasing water demand. In this process, several emerging industrial 
wastewater treatment technologies have been reviewed on both laboratory 
scale and practical applications to demonstrate that these methods have a 
broad-spectrum capacity of reducing biological as well as chemical con-
taminants, which were very difficult to remove through existing conven-
tional wastewater treatment technologies. Some of these processes are 
found to be advance in equipment manufacturing and their regulatory re-
quirements and are of incredibly competitive pricing. To remove organic 
and inorganic compounds and separate solid-liquid combination, mem-
brane filtration processes are highly effective. In the near future—even if 
desalination by RO will remain an essential application in the treatment of 
wastewater or water—treatments like microfiltration (MF) and ultrafiltra-
tion (UF) will be utilized for the disinfection of resistant microorganisms 
such as Cryptosporidium sp. and Giardia sp. during the removal of disin-
fection by-products. 

A better understanding regarding the key issues in membrane pro- 
cesses—better membrane materials and module designs, membrane in-
tegrity mechanism, membrane fouling mechanisms, and more effective 
fouling control strategies—should be improved for advancement. To re-
move chlorine-resistant microbial contaminants, an alternative disinfectant 
technology—ozone—has been widely used to reduce color, control odor 
and taste, oxidize synthetic organic compounds, and destabilize particles 
during wastewater treatment. Several new advanced oxidation processes 
(AOPs) have been developed by combining ozone treatment technology 
with hydrogen peroxide, UV, sodium hypochlorite, and heterogeneous 
photocatalysts. Still, most of these processes are for improvement since 
these are remarkably effective in the oxidation of intractable organic 
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pollutants. Further research is required to understand and control by- 
products such as bromate and bromated organic compounds generated 
during the ozonation process. AOP efficiency should be improved in 
carrying out the oxidation of organic contaminants. For the reduction of 
bacterial indicator organisms in wastewater, the most used treatment is 
ultraviolet radiation and, according to recent investigations, it has been 
found particularly useful in eliminating Cryptosporidium. If this is true, 
then the application of UV irradiation will expand rapidly in the treatment 
of industrial wastewater. A hybrid treatment technology has recently been 
suggested, which is formed by combining conventional treatment methods 
with advanced treatment processes, and some samples of these hybrid 
technologies—AOPs-biodegradation, membrane bioreactor, membrane- 
PAC—have been included and are under surveillance. If used properly, 
these hybrid processes might become the most effective and economical 
approach in the future for dealing with existing environmental problems 
(Chowdhary et al., 2018c, 2020b) Still, further research regarding sy-
nergistic and adverse effects is needed to better understand these hybrid 
technologies. 

At present, the research and technical issues regarding the management 
of wastewater can be grouped into the following areas. 

7.1 UPGRADING WASTEWATER 
TREATMENT PLANTS (WWTPS) 

Most wastewater treatment plants were established more than two decades 
ago; they need to be upgraded to improve their capacity and treatment 
efficiency. Such revamp might help utilize the emerging technologies or 
establish one in a better or newer form. Some of the current and future 
interests are as follows:  

• Development of innovative wastewater collection system designs;  
• Calculation of long-term performance and lifetime cost- 

effectiveness of emerging treatment technologies equipped with 
new as well as existing materials; and  

• Development of a treatment system which utilizes less energy and 
minimizes the emission of greenhouse gases. 
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7.2 RECOVERY OF ENERGY AND 
NUTRIENTS 

The nutrients present in industrial wastewaters are responsible for the ex-
cessive algal growth and ammonia production in the receiving water body, 
causing toxic effects on aquatic life. Therefore, technologies capable of re-
moving nutrients from wastewaters are an essential research objective. New 
sustainable technology capable of reducing nutrient concentration with 
minimized cost, energy, and chemical consumption should be introduced. The 
development of full-scale anaerobic MBRs to meet requirements of secondary 
and advanced treatment techniques should be optimized for various operating 
conditions and climates to meet the standards of reclaimed water with 
disinfection. Optimization and application of nitritation-denitration and 
deammonification evaluating operations should be improved to promote 
nitrite-oxidizing bacteria (NOB) and treat low temperatures of mainstream 
wastewater. New processes should also be developed; understanding the ratio 
of organic nitrogen in the effluent and minimize its production. Analytical 
methods should also be improved to measure the deficient levels of phos-
phorus, and innovative technologies should be developed for the recovery of 
resources like carbon, water, nutrients from wastewater, and enhanced 
anaerobic digestion and processes for conversion of other solids. 

7.3 REMOVAL OF OTHER 
CONTAMINANTS 

Endocrine Disrupting Compounds (EDCs) are compounds that change the 
endocrine system and causes adverse effect on humans and wildlife. Highly 
persisting pharmaceutical compounds and their metabolites have been re-
ported as pharmaceutically active compounds (PhACs) and are known to 
function as EDCs. Therefore, the development of modern technologies is 
required for cost-effective removal, prevention, and reduction of these 
EDCs, PhACs, prions, etc. introduced into wastewater. The development of 
sustainable and improved disinfectant technology is required to control 
pathogens such as E. coli-0157, Cryptosporidium, Giardia, etc., and other 
microorganisms without disinfecting the by-products generated. The 
emerging and innovative technologies for the removal of promising 
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pollutants from water and wastewater should be developed with minimal 
cost and energy. 

7.4 SECURITY OF WATER SYSTEMS 

New wastewater treatment systems must be prepared for emergencies like 
pandemics, spill incidents, or new bacterial or viral strain. New WWT sys-
tems should be capable of improvement strategies after any natural calamity 
and should also prepare and prevent against bioterrorism. 

7.5 CONSERVATION OF ENERGY AND 
RENEWABLE ENERGY SOURCES 

New wastewater treatment processes should be more energy efficient in 
processing and operating techniques. To become self-sufficient in energy, 
most wastewater facilities are searching for some cost-effective renewable 
energy sources, which includes hydropower, solar cells, fuel cells, wind 
turbines, and extraction of heat from industrial wastewaters. The production 
of digester gas should be increased and must be appropriately utilized to 
generate heat and electric power onsite. For commercial purposes, clean 
biogas should be exported. 

7.6 OPTIMIZATION OF WASTEWATER 
AND SOLID TREATMENTS 

The optimization processes for treating both wastewaters and solids might 
reduce the costs involved in energy, maintenance, human resources, and other 
operational techniques. The cost-effective methods should also be developed 
to minimize the volume and quantity of wastewaters and solids generated 
during production, without reducing the value or quality of the products. New 
recovery methods should involve the successful reuse of bio-solids and 
wastewaters generated during production. 

72 Reclamation of Industrial Wastewater 



7.7 ALTERNATIVE REMEDIATION 
TECHNOLOGIES 

Despite the tremendous advances in conventional and innovative technologies 
based on bioremediation, environmental concern still exists, and such challenges 
lead to alternative technologies for effective bioremediation. Predictive or in 
silico bioremediation is an emerging technology for remediation of contaminants 
when conventional bioremediation fail to perform (Chowdhary et al., 2020a). 
Different computational techniques are the soul of predictive bioremediation, 
relying on computational tools and techniques, predicting the possible degrada-
tion pathways, binding affinity, and predicting dynamics for quick understanding 
of enzyme ligand interactions. Such functionalities could transform the existing 
field of conventional bioremediation (Singh et al., 2020).  
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8 Conclusion  

One of the most critical primary mechanisms of settlement configuration is 
the supply and safe disposal of industrial wastewaters. Currently, it can be 
seen clearly that due to the scarcity of freshwater and lack of sanitary facil-
ities, the rate of illness and death is increasing daily. Tons of freshwaters are 
required by several industries for carrying out production processes—and 
most of these waters are released into the environment in the form of was-
tewaters. To meet the daily requirements for water, health, and other resource 
protection, the demand for viable wastewater treatment technologies need 
further development and implementations (Schaum et al., 2015a). In an ac-
count, there are many questions regarding ecology, economy, technology, and 
society which have to be taken seriously, and our future development must 
focus on these topics described below (Schaum and Cornel, 2016):  

• Water Protection: For the protection of different water sources, the 
released industrial wastewaters in the environment should be 
treated before discharge to eliminate nutrients in its greatest extent, 
to protect receiving water bodies from eutrophication. Along with 
this, microplastics, micropollutants, and nanoparticles should also 
be eliminated from the effluents discharged. 

• Health Protection: To fulfill the daily hygiene requirements, dis-
infection measures should be taken for water bodies with treated 
wastewaters before their reuse, and water should also be preserved 
from antibiotic-resistant microorganisms.  

• Resource Protection: A multipurpose resource-efficient operation 
should be launched to utilize resources such as water, energy, and 
nutrients present in the wastewaters. By minimizing the emission 
of certain greenhouse gases, climate protection can be initiated. 

Based on several case studies reported, a deep discussion should be done on the 
risk factors and requirements for removal of certain groups of toxic chemical 
pollutants and their cost-benefit ratios from the industrial wastewaters, which 
are released into the environment on a daily basis. However, before making any 
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decision on a specific technology that can solve the acute problems, all up-
coming requirements should be considered within the scope of vital planning; 
otherwise, this might hinder the path in response, which may challenge our 
future needs. The cooperation effects should always be kept in mind. For ex-
ample, the preservations of solid contents are the advance requirements to 
achieve future application of industrial wastewaters in the advance recovery of 
phosphorus, preservation of microplastics, micropollutants elimination, and 
disinfection. While in the disposal or recycling process of sewage sludge or 
during wastewater treatment methods, the questions regarding the protection of 
water bodies, soil, human health, and resources should always be kept in mind. 

Currently, wastewater treatment plants (WWTPs) have become system 
service providers—from just treating wastewaters, which includes treatment 
of wastewater/drainage for settlements, to being a service for water bodies by 
interaction with the energy industry. Now it has become a cross-linking 
system among wastewater treatment, waste and energy management, urban 
drainage, and agricultural land. In the future, the cooperation effects of these 
will benefit in a way that the WWTPs will become the primary component in 
the supply and disposal of arrangement systems.  
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