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Introduction  

Waste water treatment is a process used to 
convert wastewater into an effluent that can be 
returned to the water cycle with minimum impact on 
environment or directly reused. Treating wastewater 
is essential for protecting water resources and 
promoting environmental sustainability. The process 
involves eliminating pollutants from water generated 
by homes, industries, and agriculture. This treated 
water is then either safely returned to the environment 
or reused, helping to preserve natural ecosystems and 
support water conservation efforts. 

Importance: Treating wastewater is vital for 
safeguarding public health, protecting the 
environment, and promoting sustainable growth. 

Environmental Conservation - Treating wastewater 
removes harmful pollutants like nitrogen and 
phosphorus, preventing water body eutrophication 
and contamination of surface and groundwater. This 
protects aquatic life and biodiversity. 

Public Health Protection - Untreated wastewater 
spreads diseases like cholera, dysentery, and typhoid 
through harmful pathogens and chemicals. Proper 
treatment reduces these risks and safeguards 
communities, especially in developing regions. 

Economic Advantages - Wastewater treatment 
reduces costs associated with healthcare and 
environmental damage. It also enables water 
recycling, supporting agriculture, industry, and 
conserving freshwater resources. 

Waste water contaminants are:  

• Suspended solids 

• Biodegradable organics  

• Pathogenic bacteria 

• Nutrients (N&P) 

• Toxics (metals and synthetic organic 
chemicals) 

Objectives of waste water treatment 

• To prevent pollution of the receiving water  

• To prevent offensive odour in the water  

• To prevent the destruction of aquatic life  

• If the sewage has to be disposed of on land, the 
soil will become sewage  

• sick after sometime and cannot take any more 
sewage. 

Fig. 1. Process of Wastewater Treatment (Muñoz et 
al., 2007) 

Wastewater Treatment Processes 

Pretreatment 

1. Coarse Screening 

• Removes large materials (e.g., rags, 
logs) using bar racks with 1–3 inch 
openings. 

2. Grit Chamber 

• Removes smaller particles (e.g., sand, 
silt) by slowing effluent flow in grit 
tanks. 

• Heavy solids settle at the bottom, are 
separated by an auger pump, and sent 
to landfills. 

3. Skimming Tank 

• Separates oil and grease via natural 
flotation, aided by air bubbles. 

• Floating materials are removed 
manually or mechanically. 

4. Comminution 

• Grinds coarse solids into uniform 
particles using comminutors with 
screens and cutters. 
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Primary Treatment 

After screening the solids and removing the 
grit the wastewater still contains light organic 
suspended solids, these can be removed by the 
following processes 

1. sedimentation 

2. coagulation 

3. flocculation 

4. filtration. 

1. Sedimentation 

Sedimentation, or clarification, involves 
settling suspended particles in water using gravity. 
This process is often accelerated by adding alum. Key 
objectives include: 

• Separating suspended and colloidal 
impurities. 

• Reducing sediment load for easier water 
treatment. 

• Allowing water to flow slowly for heavier 
particles to settle. 
The process depends on flow velocity, particle 
size, shape, specific gravity, and liquid 
viscosity. 

2. Coagulation  

• In plain sedimentation, the heavier particles 
settle down. However fine particles take many 
hours or sometimes days to settle down. 

• Colloidal particles which are fine particles of 
size finer than 0.0001 mm carry electric charges 
on them. 

• The water possesses colour which is mainly 
due to colloidal matter and dissolve organic 
matter in water. 

• The turbidity in water is mainly due to the 
presence of very fine particles of clay, silt and 
organic matter. 

• Sedimentation alone is not sufficient to remove 
all the suspended matter. the process of 
coagulation is used to remove colloidal 
particles from water. 

• Coagulation is the process in which certain 
chemical agent is mixed with water than 
colloidal and suspended particles are 
agglomerated and form insoluble metal 
hydroxide known as flocks. 

• The size and shape of particles are increased by 
formation of precipitates because of addition 
of coagulants. 

3. Flocculation  

• Flocculation is the agglomeration of 
destabilized particles into micro floc and after 
into bulky floccules which can be settled called 
floc. 

• The addition of another reagent called 
flocculants or a flocculants aid may promote 
the formation of the floc. 

• The factors, which can promote the 
coagulation-flocculation, are the velocity 
gradient, the time and pH. 

• In recent years flocculators or polyelectrolytes 
have widely been used. Flocculators are 
organic high molecular weight compound 
comprising many inorganic group. 

• These group undergo ionization when 
dissolve in water - two important flocculators 
are polyacrylamide and BA-2 flocculators 
(cation exchange type). 

4. Filtration 

Filtration removes remaining colloidal, 
suspended matter, and bacteria after sedimentation. 
Water passes through a sand or porous material layer, 
which traps impurities. The device used is a filter, and 
the porous material is the filtering medium. 

Types of filter 

1. Single flow closed pressure filter 

2.Horizontal flow pressure filter 

3.Dual media filter 

4.Unflow sand filter 

5.Mechanical filter -radical filter, multiple 
chamber filter 

After primary treatment  

• 30-40% BOD removal. 

• 40-75% suspended solid removal. 

• 30-40% coliform removal. 

Secondary Treatment or Biological 
Treatment 

• Microorganisms play a key role in treating 
effluent by breaking down organic waste into 
simpler forms. 
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• Bacteria and fungi decompose biodegradable 
contaminants while forming biological solids. 

• Secondary treatment focuses on oxidizing and 
stabilizing organic matter in sewage. 

• It is primarily used to remove dissolved and 
colloidal compounds measured as BOD 
(Biochemical Oxygen Demand). 

Secondary Treatment Options 

Aerobic Processes 

• Activated Sludge 
Process  

• Aerobic granular 
system 

• Trickling Filters  
• Waste Stabilization 

Ponds  
• Aerobic Lagoons  
• Constructed 

Wetlands  
• Rotating Biological 

Contractors(RBC)  
• Fluidized Aerated 

Bed (FAB) Reactor  
• Sequencing Batch 

Reactors (SBR) 
• Membrane Bio 

Reactors(MBR) 
• Moving Bed Bio 

Reactors (MBBR 

Anaerobic Processes 

• Upflow anaerobic 
sludge blanket 
(UASB) reactor  

• Expanded granular 
sludge blanket 
(EGSB)reactor 

• Anaerobic filter. 
• Continuous stirred 

tank reactors 
(CSTR) 

 

Activated Sludge Process  

• Activated sludge, rich in aerobic bacteria, 
oxidizes organic matter and promotes 
flocculation when mixed with effluent. 
Advantages include: 

a. Odor-free, clear treated liquid. 

b. ~85% BOD removal. 

c. 88–90% bacterial removal. 

d. 90–99% virus removal. 

Trickling Filter 

• It consists of a cylindrical tank (2-3 m depth) 
filled with rocks (diameter: 2-10cm). 

• loosely packed and nearly spherical in shape 
(to facilitate downward flow of sewage and 
upward flow of air). 

• Biofilm formation. 

Fig. 2. Biological trickling filter for wastewater 
treatment (Dubey & Kashyap, 2022) 

1. Wastewater Stabilization Ponds 

 Wastewater Stabilization Ponds (WSPs) are 
large, man-made water bodies in which blackwater, 
greywater or faecal sludge are treated by natural 
occurring processes and the influence of solar light, 
wind, microorganisms and algae.  

There are three types of ponds,  

(A)Anaerobic 

(B) Facultative and 

(C) Aerobic (maturation) 

Tertiary Treatment 

Tertiary treatment processes improve the 
potential for reusing water and help minimize 
environmental pollution. This is especially crucial for 
industries, agriculture, and communities in areas 
facing water shortages, where treated wastewater is 
repurposed for non-drinking or indirectly safe 
drinking uses. Typical tertiary treatment methods 
include: 

Advanced Oxidation Processes 

Advanced Oxidation Processes (AOPs), such 
as photodriven homogeneous oxidation, are highly 
effective at breaking down stubborn organic 
pollutants and pathogens. However, challenges like 
scalability and high operational costs limit their 
widespread application. 

Membrane Filtration (Ultrafiltration and Reverse 
Osmosis): Membrane filtration methods, like 
ultrafiltration and reverse osmosis, are excellent at 
removing suspended solids, microorganisms, and 
dissolved salts, making them well-suited for reusing 
wastewater in industrial applications. However, they 
still face challenges such as fouling and high energy 
consumption. 
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Fig. 3. Water Purification Process through Reverse 
Osmosis (Darre and Toor, 2018) 

3. Nutrient removal: Nutrient removal methods, like 
continuous sand filtration paired with denitrification, 
help tackle nutrient pollution effectively. For example, 
phosphorus can be efficiently removed using chemical 
precipitation with ferric salts, while biofilm-based 
denitrification is highly effective at eliminating 
nitrates. 

Focus on Sustainability 

Treated wastewater is increasingly recognized 
as a sustainable resource for agriculture and industry, 
helping conserve freshwater and reduce pollution. In 
agriculture, it provides reliable irrigation, especially in 
arid regions, and reduces reliance on chemical 
fertilizers. However, managing risks like soil salinity 
and contamination is key. In industry, treated 
wastewater is used for cooling, washing, and process 
water, with advanced treatment methods ensuring 
efficiency. Membrane technologies like ultrafiltration 
and reverse osmosis play a crucial role in wastewater 
treatment, though challenges like energy use and cost 
remain. Innovations in membrane materials and 
renewable energy integration are being explored to 
improve sustainability.  

Balancing Cost, Efficiency, and Environmental 
Impact 

Balancing cost, efficiency, and environmental 
impact is crucial in advanced wastewater treatment. 
The expense of these systems is influenced by factors 
such as energy use, membrane fouling, and 
operational demands. One notable challenge is 
managing brine in reverse osmosis (RO) systems, 
which poses both environmental and economic 
concerns. Research comparing different reuse 
applications indicates that strategic design and cost-
effective approaches, such as incorporating pre-
treatment and hybrid systems, can improve economic 
viability and reduce environmental impacts. 

Sludge Treatment and Disposal  

• Two basic goals of treating sludge before final 
disposal are to reduce its volume and to 
stabilize the organic materials.  

• Treatment of sewage sludge may include a 
combination of thickening, digestion, and 
dewatering processes. 

• A thickener can reduce the total volume of 
sludge to less than half the original volume 

• Digestion reduces the total mass of solids, 
destroys pathogens, and makes it easier to 
dewater or dry the sludge 

• Digested sewage sludge is usually dewatered 
before disposal. 

• Sludge no longer behaves as a liquid and can 
be handled as a solid material. 

• The final destination of treated sewage sludge 
usually is the land. Dewatered sludge can be 
buried underground in a sanitary landfill.  

• It also may be spread on agricultural land in 
order to make use of its value as a soil 
conditioner and fertilizer. Since sludge may 
contain toxic industrial chemicals, it is not 
spread on land where crops are grown for 
human consumption. 

• Where a suitable site for land disposal is not 
available, as in urban areas, sludge may be 
incinerated.  

Benefits of Wastewater Treatment 

1. Public Health Protection 

o Removes harmful pathogens to 
prevent waterborne diseases. 

o Disinfection and filtration ensure safe 
water for various uses. 

2. Environmental Conservation 

o Reduces pollution and protects aquatic 
ecosystems. 

o Supports biodiversity and maintains 
ecological balance. 

3. Water Reuse and Conservation 

o Provides treated water for irrigation, 
industry, and drinking. 

o Alleviates pressure on freshwater 
resources impacted by overuse and 
climate change. 
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4. Promotes Sustainability 

o Advanced technologies enable 
contaminant removal, energy recovery, 
and resource reuse. 

o Aligns with global sustainability goals 
and encourages eco-friendly practices. 

Challenges in Wastewater Treatment 

1. High Costs and Infrastructure Needs 

o Significant expenses for maintenance, 
upgrades, and advanced technologies. 

o Outdated facilities in many areas 
require modernization. 

o Multi-stage treatment processes 
contribute to operational costs. 

2. Emerging Contaminants 

o Pharmaceuticals, microplastics, and 
industrial chemicals are difficult to 
remove with conventional methods. 

o Advanced methods like oxidation and 
membrane filtration are effective but 
costly and energy-intensive. 

3. Future Directions 

o Focus on energy-efficient and cost-
effective technologies. 

o Integration of chemical, physical, and 
biological processes to address 
complex pollutants. 

o Resource recovery and energy 
generation from waste are becoming 
key strategies. 

Conclusion  

Wastewater treatment protects public health, 
preserves the environment, and supports sustainable 
water management. From basic screening to advanced 
technologies, it ensures water is safe for reuse or 
discharge. While challenges like costs and emerging 
pollutants persist, innovations in energy recovery and 

nutrient reuse are paving the way for sustainability. 
Global cooperation and public awareness are crucial, 
alongside individual efforts to conserve water and 
support eco-friendly initiatives. 
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