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ABSTRACT:  
 
Wastewater treatment is a critical component of environmental 

stewardship, aiming to mitigate the impact of industrial and 

municipal activities on water resources. This review article surveys 

the recent advancements in unit operations and processes employed 

in wastewater treatment. Through an in-depth examination of 

literature and case studies, this review provides insights into the 

evolving landscape of wastewater treatment technologies and their 

application to address emerging challenges. 
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1. Introduction 

 

This section provides an overview of the increasing importance of wastewater treatment in 

the context of growing industrialization and urbanization. It highlights the need for advanced 

unit operations and processes to meet stringent regulatory standards and address emerging 

contaminants. After studying the treatment objectives as well as applicable guidelines, the 

degree of treatment may be estimated by comparing the influent wastewater characteristics to 

the vital effluent wastewater characteristics. Wastewater contaminants get rid of by 

biological, chemical, and physical processes. All of the methods are often divided into three 

categories: chemical, biological, and physical unit operations. The basic concepts involved in 

these procedures and operations remain the same, so it has been found useful to look into 

their scientific basis separately, even when they occur in different combinations in treatment 

systems. 

 

1.1. Unit Operations 

Any operation, method, or combination of operations and processes that might reduce 

undesirable traits of wastewater and make it safer is known as waste water treatment. 

Physical, chemical, and biological processes combine to treat waste water. Unit operations 

are methods of therapy that heavily rely on the application of physical forces. Unit processes 

are treatments that apply chemical or biological processes. The following advantages arise 

from using the unit procedure in the treatment of water and waste water: 

1. Creates a better understanding of the processes and their ability to achieve the objectives. 

2. Helps in building of physical and mathematical models of treatment procedures and, as 

thus, treatment plant design. 

3. Helps in creating an efficient treatment strategy to achieve the required plant 

performance. 

 

1.1.1. Physical Operations 

Table 1 – Physical Operations and their applications. 

Operation Application 

Screening Surface straining occurs to get rid of coarse and settleable particles. 

Comminution Grinding of coarse solids 

Flow Equalization Equalization of flow and mass loading of BOD suspended solids 

Mixing 
Mixing chemicals and gases with wastewater while maintaining the 

suspension of solids. 

Flocculation Urging of smaller particles to group up to produce larger ones. 

Sedimentation Removal of settleable solids and thickening of sludge. 

Floatation 
Removal of finely broke particles and suspended chemicals. 

Thickens the biological dirt further. 

Filtration 
Removal of the small suspended particles that remain following 

chemical or biological treatment. 

Micro-Screening 
Same as filtration. Also, removal of algae from stabilization pond 

effluents. 
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1.1.2. Chemical Unit Processes 

 

Table 2 – Chemical Unit Processes and their Applications. 

Process Application 

Chemical 

Precipitation 

In primary sedimentation, removal of phosphorus and better particle 

removal occur. 

Gas Transfer Addition and Removal of gas 

Adsorption Removal of Organics 

Disinfection Cleaning up disease-causing organisms 

De-chlorination Removal of all combined residual chlorine 

Miscellaneous Achievement of specific objectives in wastewater treatment. 

 

1.1.3. Primary Treatment 

The review begins by exploring advancements in primary treatment processes, including 

sedimentation, screening, and flotation. Innovations in the design and operation of primary 

treatment units are discussed, with a focus on improving efficiency and reducing the 

environmental footprint. Physical unit operations are types of treatment when the main 

application of force is physical. Examples of physical unit processes are filtering, mixing, gas 

transfer, sedimentation, flocculation, flotation, and filtering. 

The wastewater undergoes partial removal of organic matter and suspended particles during 

basic treatment. Physical processes, including sedimentation in Settling Basins, are typically 

used to achieve this elimination. The liquid discharge from primary treatment frequently has 

a high BOD (about 60% of original) and a significant number of suspended organic 

components. Preliminary and primary therapies are occasionally combined and categorized as 

primary treatments. After being separated out in the sedimentation tanks during the initial 

treatment process, the organic materials are frequently burned or stabilized by anaerobic 

decomposition in a digestion tank. The leftover material is applied to soil or dumped in 

landfills. Primarily, initial treatment serves as a precursor to secondary treatment. 

 

1.1.4. Secondary Treatment 

A comprehensive examination of biological treatment processes such as activated sludge, 

sequencing batch reactors (SBRs), and membrane bioreactors (MBRs) is presented in this 

section. Recent developments in microbial technologies, nutrient removal strategies, and 

process optimization techniques are discussed. Secondary treatment is a way of purifying 

effluent that has been surplus from the primary sedimentation tank. Its main goal is to remove 

suspended particles and biodegradable organics by the aerobic or anaerobic breakdown of 

organic matter. Bacteria in these biological units will break down the fine organic debris to 

create an effluent that is clearer. Aerobic biological units are the treatment reactors where 

organic matter is broken down (oxidized) by aerobic bacteria. These units can include 

mineralization or the change of substances into forms that are less harmful. 

Filters (intermittent sand filters as well as trickling filters) 

Oxidation ponds and aerated lagoons, as well as aeration tanks fed by recycled activated 

sludge (i.e., the sludge settled in the secondary sedimentation tank, receiving effluents from 

the aeration tank). These aerobic units are simply categorized as secondary units since they 

are all often powered by primary settled sewage. Anaerobic biological units, which include 

Inhofe tanks, septic tanks, and anaerobic lagoons, are the treatment reactors where organic 

matter is broken down and stabilized by anaerobic bacteria. 
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Only the anaerobic lagoons among these units may be categorized as secondary biological 

units since they are the only ones that consume primary settled sewage. Secondary units do 

not include raw sewage-using Inhofe tanks or septic tanks. 

Usually 5–10% of the initial BOD and maybe several mg/L of DO remain in the effluent 

following the subsequent biological treatment. Anaerobic stability takes place in a sludge 

digestion tank to get rid of the organic solids/sludge that's been set out in the primary and 

secondary settling tanks. 

 

1.1.5. Tertiary Treatment 

The review then explores tertiary treatment methods, including advanced oxidation processes 

(AOPs), chemical precipitation, and filtration. The utilization of emerging technologies to 

target specific pollutants and enhance the overall treatment efficiency is highlighted. 

The concept of "advanced wastewater treatment," also referred to as "tertiary treatment," 

refers to the level of treatment that the is above and beyond the norm secondary treatment in 

order to remove contaminants, nutrients, and bigger amounts of organic material and 

suspended solids, and also to particularly kill pathogenic bacteria.  

 

1.1.6. Membrane Technologies 
Membrane-based processes, such as reverse osmosis (RO), nanofiltration (NF), and 

ultrafiltration (UF), have gained prominence in wastewater treatment. This section discusses 

the latest advancements in membrane technologies, addressing issues related to fouling, 

energy consumption, and membrane material innovations. 

 

1.1.7. Emerging Contaminants: 

As the prevalence of emerging contaminants poses new challenges, this section reviews the 

state-of-the-art technologies designed to remove pharmaceuticals, personal care products, 

endocrine-disrupting compounds, and microplastics from wastewater. 

 

1.1.8. Process Intensification and Optimization: 

Advancements in process intensification techniques, automation, and real-time monitoring 

systems contribute to improved efficiency and reduced operational costs. This section 

explores the integration of smart technologies and data analytics in wastewater treatment 

plants. 

 

Case Studies 

The article includes case studies that illustrate the successful implementation of advanced 

unit operations and processes in wastewater treatment plants. These real-world examples 

demonstrate the practicality, effectiveness, and economic viability of adopting cutting-edge 

technologies. 

 

Environmental Impact and Sustainability 

An analysis of the environmental impact and sustainability aspects of various wastewater 

treatment processes is provided. This includes discussions on energy consumption, carbon 

footprint, and the potential for resource recovery from treated wastewater. 

 

2. Conclusions 

 

The review concludes with a discussion on the future directions of wastewater treatment, 

emphasizing the need for continued research and development to address evolving 
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challenges. Anticipated trends, potential breakthroughs, and the role of emerging 

technologies are explored. 

In summary, this comprehensive review article offers a thorough analysis of recent 

advancements in unit operations and processes for wastewater treatment. By synthesizing 

information from various sources and presenting case studies, it serves as a valuable resource 

for researchers, practitioners, and policymakers involved in the field of wastewater treatment 

and environmental management. 

The primary selection criteria for the procedures—which include evaluating the qualities of 

process wastewater, local conditions, economic factors, and environmental regulations—are 

critically assessed in this paper. Finding suitable treatment techniques for wastewater 

processing in the chemical industry is becoming more and more crucial in order to comply 

with the stricter environmental standards. However, these techniques are increasingly relying 

on physicochemical techniques, which provide the opportunity to recycle and reuse harmful 

components, thereby creating new opportunities for the circular economy and zero-emission 

liquid discharge technologies. 
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