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PREFACE 
 

 
The Ministry of Urban Development (MoUD), Government of India, through its activities proposed under the 

Capacity Building Scheme for Urban Local Bodies (CBULB) established Centres of Excellence (CoE) in reputed 

institutions in the country to create the necessary knowledge base for improving municipal service delivery and 

management. The establishment of CoEs is an acknowledgement of the need for high quality Indian-context- 

specific research and creative interventions in the areas of governance, institution and capacity building, citizen- 

centric administration and resource and performance management. In establishing the CoEs, the MoUD 

expected that the CoEs would be able to find solutions to the many issues faced by Urban India. The basic 

objective of the CoEs is to foster cutting-edge and crosscutting research, capacity building and technical 

knowledge base in the area of urban development. The CoEs will address urban development issues at national, 

state and local levels and will provide support to state and local governments in: 

 
The MoUD has approved a project to Centre for Environment and Development to set up a Centre of Excellence 

on ‘Solid Waste and Waste Water Management ’. The basic objective was to develop the capacity of the 

institution to support the Urban Local Bodies(ULB) in the country on solid waste and waste water management 

related activities. The CoEs will work with selected ULBs to develop strategies and framework to implement 

activities. 

 
The CoE at CED which is concentrating on ‘Solid Waste and Waste Water Management’ has been focusing on 

three major aspects (i) Development of Strategy and Framework for Solid Waste and Waste Water Management 

in ULBs (ii) Capacity Building, Training and Awareness and (iii) Development of Knowledge Centre and Technical 

Support Unit on Solid Waste and Waste Water Management. CED is also working with Thiruvananthapuram City 

Corporation and Payyannur Municipality on these two sectors and trying to integrate the field experience to 

develop the strategy and framework. 

 
The CoE team at CED has developed eight Resource Materials on SWM such as (1) Strategy and Framework for 

MSW Management (2) SWM Technology Manual (3) Operation and Maintenance Manual (4) Byelaw for ULBs 

on Solid Waste(Handling &Management) (5) Strategy and Framework for Wastewater Management,(6) Course 

Material on Solid Waste Management (7) Course Material on Wastewater Management and (8) Capacity Building 

and Training Manual. These documents had already submitted to MoUD and also to ASCI for Peer Review and 

their comments has also been incorporated in this final document. 

 
The Course material on WWM is mainly to provide capacity building and training to decision makers, planners 

and senior level officers and other functionaries of ULBs to implement waste water management with focus on 

waste water recycle and reuse in households, institutions and public places 
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COMMON WASTEWATER TERMS 
 
 

Aerobic A process that requires dissolved oxygen to operate properly. The microorganisms 
need the oxygen to ―eat‖ the food properly. 

 

Anaerobic A process that can operate or needs to operate without oxygen being present. A 
good example is an anaerobic digester used for solids handling. 

 

Biochemical 
Oxygen Demand 
(BOD5) 

A test that measures the organic strength of a sample of wastewater. It provides 
information on the organic load or how much ―food‖ there will be for organisms. The 
load can be either to a treatment plant unit or to a receiving water body. 

 

Black water Wastewater from toilets, bidet, water used to wash diapers (and under some 
definitions, from kitchens). Also known as sewage. 

 

Clarifier or settling 
tank 

Tanks  designed  for  the  physical  separation  of  wastewater  floatable  solids  and 
settleable solids. These two terms are widely used interchangeably. 

 

Dark grey water Untreated household wastewater that has not come into contact with sewage, but is 
from lower‐quality sources such as kitchen sinks and dishwashers. Sometimes 
considered to be part of black water. 

 

Disinfection Killing  disease-causing  organisms,  differing  from  sterilization,  which  kills  all 
organisms. 

 

Dissolved Oxygen 
(DO) 

A test usually performed by an electronic meter that measures the dissolved oxygen 
of a sample or process unit. It is important because many of the treatment 
processes require oxygen (aerobic) to operate properly. Too much oxygen can 
mean that money is wasted through excess energy consumption to provide the 
oxygen, which is relatively insoluble in water. 

 

Effluent Wastewater or other liquid, partially or completely treated, flowing from a reservoir, 
basin, treatment process, or treatment plant. 

 

Grey Water Untreated   household   wastewater   from   higher   quality   sources   like   washing 
machines, bathtubs etc that has not come into contact with sewage. 

 

Influent Wastewater or other liquid flowing into a reservoir, basin, or treatment plant.  

Parts per million 
(ppm) or milligrams 
per liter (mg/L) 

These terms refer to the results of analyses such as TSS or BOD5. These terms are 
used interchangeably and mean exactly the same thing. 

 

Reclamation Act of reusing treated wastewater  

Recycling The reuse of treated wastewater and bio-solids for beneficial purposes  

Sludge Solids removed from wastewater during treatment  

Total Suspended 
Solids (TSS) 

Data from a test that measures by weight how much particulate material is 
contained in wastewater samples by filtering the sample through a special fiberglass 
filter. For example, TSS measures the solids that can be seen in a beaker. 

 

 



 
 

CoE on Solid Waste & Waste Water Management Course material on WWM 

MODULE 1 
 

INTRODUCTION TO WASTEWATER MANAGEMENT 
 

1.1 Introduction 

The significance of wastewater management is premised on two basic urban issues – (i) the need for safe 

and scientific management of wastewater for achieving health and hygiene in the urban environment, and (ii) 

reuse of wastewater as freshwater substitute to reduce the increasing demand for water. In India, as in any 

other part of the world, the demand for water is ever increasing whereas water resources steadily get 

reduced. Reuse of wastewater can reduce fresh water demand on the one hand and prevent the environmental 

dangers posed by the unscientific disposal of large quantities of insufficiently treated wastewater on the other. 

The commercial and residential structures, which constitute the major chunk of urban water users, use about 

80% of their potable flow for non-potable or ―non-drinking‖ consumption, resulting in a costly and inept use of a 

limited resource. In select commercial applications, 75% or more of the domestic supply serves toiletry fixtures 

alone. Conservatively, 70% of the current urban water demand could be substituted by reclaimed or reuse water 

technology. 

With every increase in the quantity of water used, the quantity of wastewater generated will proportionally 

increase necessitating the management of higher volumes of wastewater. In our country, though there are a 

few isolated experiments and pilot models for wastewater recycle and reuse for various non-potable purposes, 

it has not become part of the urban planning/management programme in most of the urban local bodies. In 

majority of the urban areas, the activities in the wastewater sector are focused mostly on wastewater disposal 

than recycle and reuse. Moreover, recycle and reuse of wastewater has not received much attention by the 

policy-decision makers. One major reason may be the lack of viable models with necessary research and 

technology support, strong policies and legal framework at the national and state levels and lack of sufficient 

trained manpower in the urban local bodies. 

1.2 What is wastewater? 

Wastewater is any type of water that has been utilized in some capacity that it negatively impacts the quality 

of water. In other words wastewater is any water that has been adversely affected in quality by 

anthropogenic influence. It comprises liquid waste discharged from residential buildings, commercial 

establishments, industry and agriculture and contains a wide range of potential contaminants in different 

concentrations. In the urban context, it refers to the municipal wastewater generated by residential 

structures, business establishments and industries. It does not include the storm water (water that originates 

during precipitation events or snowmelt) or contaminated water of a natural water body. The wastewater 

contains a broad spectrum of contaminants depending upon the type of use. 

1.3 Classification of Wastewater 
 

Wastewater can be classified according to the source of generation. The constituents of wastewater also 

vary depending on the source of generation. The term ‗domestic wastewater‘ refers to flows discharged 

principally from residential sources generated by such activities as food preparation, laundry, cleaning and 

personal hygiene. ‗Industrial/commercial wastewater‘ is flow generated and discharged from various types 

of manufacturing and commercial activities. ‗Agricultural wastewater‘ is water carrying waste material from 

agricultural activities (manure, plant stalks, hulls and leaves, pesticides etc). The following table presents the 

different types of wastewater and their constituents. 
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Table 1: Types of wastewater and constituents 
 

 

TYPES OF 
WASTEWATER 

 
CONSTITUENTS 

 
 
 
 
 
 
SEWAGE 

 Dissolved and suspended organics 
 Organic nitrogen containing compounds mainly proteins, peptides, 

 amino acids, urea 
 Carbohydrates(cellulose) 

(BLACKWATER)  Fats, oils, volatile and fatty acids and their esters 
 Detergents plus minor amounts of priority pollutants 
 Likely  to  contain  potential  pathogens  like  bacteria,  parasites  and 

viruses 
 
 
 
 
GREYWATER 

 Soaps, shampoos, hair and lint 
 Nutrients, body fats and oils 
 Cleaning products 
 Food particles, cooking oils & grease 
 Potential pathogens 

 
AGRICULTURAL 
RUN-OFF 

 Mainly soil, plant and animal remains 
 

 
Nutrients such as N&P used in fertilizers 

Herbicides and pesticides 
 
 
 
 
 
 
INDUSTRIAL 

 
 

 
 
 

Likely to contain toxic components 
 Cleaning fluids 
 Dissolved mineral wastes and organic solvents 

EFFLUENTS  Cooling liquids 
 Wastes from food processing and brewery units, paper 

 manufacturers 
 Priority pollutants 

 

1.4 Urban Wastewater 
 

Though all the types of wastewater shown in Table 1 may be present in the cities, the black water and grey 

water are the two types necessitating special attention in view of the following reasons: 

    Relative quantity is much higher. 

    Pose short term and long term threats to human health and environmental safety. 

    Continuously produced on a day to day basis 
 

Though industrial effluents also are dangerous, there are rules governing their management and the 

industries concerned are bound to take care of management and safe disposal of the effluents. If the ULBs 

and other law enforcing agencies are watchful and vigilant, scientific disposal of industrial effluents will be 

within control. Agricultural runoff will be much less in cities and may not be a major problem. Storm water is 

a natural phenomenon and a proper drainage system will be sufficient to manage the storm water. 
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1.5 Definitions of grey water and black water: 
 

Term Definition Other terms in use 

Greywater Untreated household wastewater that has not 

come into contact with sewage 
Grey water, gray water or 

grey water 
Black water Wastewater from toilets, bidet, water used to wash 

diapers (and under some definitions, from kitchens) 
Sewage 

Dark gray water Untreated household wastewater that has not 

come into contact with sewage, but is from 

lower‐quality sources such as kitchen sinks and 

dishwashers 

Sometimes considered to be 

part of black water 

1.6 Greywater and Blackwater: Key Differences 

        Greywater contains far less nitrogen than blackwater 

Nine-tenths of the nitrogen contained in combined wastewater derives from toilet wastes (i.e., from 

the blackwater). Nitrogen is one of the most serious and difficult-to-remove pollutants affecting our 

potential drinking water supply. 

        Greywater contains far fewer pathogens than blackwater 

Medical and public health professionals view faeces as the most significant source of human 

pathogens. Keeping toilet wastes out of the wastewater stream dramatically reduces the danger of 

spreading such organisms via water. 

        Greywater decomposes much faster than blackwater 
The implication of the more rapid decomposition of greywater pollutants is the quicker stabilization 

and therefore enhanced prevention of water pollution. 

1.7 Generation and Collection 
 

The quantity of wastewater generated depends largely on the quantity of water supplied. It is generally 

considered that 80 per cent of water supplied goes out as wastewater. Out of the wastewater generated only 

a portion is collected by the sewerage system depending on its capacity, if at all there exists a sewerage 

system. Various surveys revealed that the average generation of urban wastewater is 108 litres per person 

per day. A study conducted by CED showed that the average per capita household wastewater generation 

in Thiruvananthapuram City was 188 litres per day. 

1.8 Current Situation of Wastewater Management in India 
 

Wastewater disposal is a major problem in most Indian cities. Only a small percentage of Urban Local 

Bodies (ULBs) in the country have a sewerage system and even where the system exists, the coverage of 

population by the sewerage system is partial. Many ULBs with sewerage system do not have sewage 

treatment plants to treat wastewater. Discharge of untreated sewage into water bodies is the most common 

method of wastewater disposal in India presently. 

 
According to the Central Pollution Control Board (CPCB) report on Status of Water supply, Wastewater 

generation and Treatment in Class-I cities and Class II towns of India (2009), the estimated sewage 

generation in 498 Class-I Cities and 410 Class II towns (as per estimation made for the year 2008) is 38254 

MLD. Against this, there exist only 11787 MLD treatment capacities. The Summary of water supply, sewage 

generation and its treatment is shown below in Table 2: 
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Table 2: Summary of water supply, sewage generation and its treatment 
 

Category No.  of 

Cities 
Population Total Water 

Supply (in 

MLD) 

Wastewater 

Generation (in 

MLD) 

Treatment 

Capacity (in 

MLD) 
Class-I City 498 14,30,83,804 44,769.05 35,558.12 11,553.68 

Class-II 

town 
410 3,00,18,368 3,324.83 2,696.7 233.7 

Total 908 25,77,54,640 48,093.88 38254 11787.38 

Source: Status of Water Supply and Wastewater Generation and Treatment in Class-I cities and Class-II 
towns of India_CPCB_2009 

 
 

The existing treatment capacity of sewage generated in Indian cities is just 30 % of present sewage 

generation. The untreated sewage finds their way into water bodies and thus pollutes ground and surface 

water. Centralized treatment facilities, though common in developed countries, seem to be a non-viable option 

in the Indian urban context due to the unplanned urban conglomeration of buildings, non-availability of land, 

requirement of complicated sewer networks and high cost of infrastructure development. Again, many of the 

techniques available today for sewage treatment are also high energy consuming 

1.9 Present Wastewater Disposal Practices 
 

The present wastewater disposal practice for domestic sources and commercial establishments is 

characterized by a common plumbing system to let off all types of wastewater. It will generally fall under any of 

the following categories: 

 
    All types of wastewater together are diverted to the municipal sewerage system if such a system 

exists. 

    All types of wastewater together are diverted to the septic tank. 

    Water from toilet is diverted to the municipal sewerage system or the septic tank (in some cases a pit) 

and all other types of wastewater are diverted to any one of (i) municipal drainage (ii) the soak pit 

constructed at the building compound or (iii) the premises/water bodies. 

 
In the absence of a scientific wastewater management system there will be some ad hoc mechanism to 

temporarily solve the problem created by municipal wastewater. The place of wastewater disposal depends 

on the option selected by the concerned authority, which may be based on local and financial 

considerations. The implications of this type of disposal are overloading of the municipal sewerage system, 

wastage of reusable greywater and hazardous environmental and public health impacts. 

 
1.10 Importance of Urban Wastewater Management 

 
The importance of wastewater management lies in the fact that its scientific management is highly essential 

for ensuring health and hygiene of the people. Absence or improper management of wastewater could make 

urban living miserable with dirty surroundings, unhealthy physical living conditions and aesthetic damage. 

Moreover, wastewater is a potential freshwater substitute for many practical uses. Hence there is much 

scope for adopting wastewater reuse as a wastewater management strategy. Fig 1 shows the water use and 
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resultant wastewater generation (based on the study conducted by CED as part of activities under CoE). 

The CED study also showed that the depleted portion of water consumed for domestic purposes is 20% and 

the remaining 80% is converted as wastewater. 70% of the wastewater is grey water and the remaining 30% 

is blackwater, which mainly forms the toilet water. In view of the low pollution load, the grey water could be 

easily reused. 
 
 
 

Fig.1: Water Use and Wastewater Generation 

Water Use 
 
 
 

Wastewater (80%) Used up 
water 
(20%) 

 
 

Greywater (70%) Black water 
(30%) 

 
 
 
 

1.11 Framework of Wastewater Management 
 

Wastewater comprises of both blackwater and grey water. The 30% blackwater contains most of the 

pollution load in the wastewater. The grey water, constituting 70% of wastewater, has fewer pollutants in it 

and is easy to reuse; in certain applications it is suitable for reuse even without treatments. Hence, the 

strategy for wastewater management should be to deal with black water and grey water separately. 

The black water can be disposed of after treatment in a central sewerage system or in its absence in a 

septic tank. The reuse potential of black water is very little. But the grey water could be reused for a variety 

of purposes. The general framework of wastewater management is given in Fig.2. 

 
The analysis and study conducted by CED as part of CoE led to conclude that a two-pronged approach 

would be ideal for urban wastewater management, i.e., treatment and safe disposal of black water on the 

one hand and developing and promoting grey water reuse mechanisms to the extent possible on the other 

hand. Since most of the cities have some system to manage the balck water, what is needed in this area is 

filling the gap between the demand and the availability of safe wastewater disposal mechanisms. Delinking 

grey water from black water will substantially reduce the gap in view of the reduction in demand. 
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1.12 Need for Wastewater Management 
 

In the urban context wastewater management is significant in view of the following: 
 

 To ensure that when it is discharged any possible harmful effects on the health of other living 

things, animal or vegetable is minimal. 

 To stop the spread of toxic materials, organic or inorganic, from relatively safe regions to regions 

where they might do harm, e.g., groundwater, rivers, lakes, dams, waters used for recreational 

purposes etc. 

 To stop the spread of potential pathogenic agents either microbial or others. 

 For prevention of eutrophication (mainly N & P) 

 To stop any possible harmful effects on the receiving water body (e.g., temp., pH, O2 deficiency) 
 
 

Like all wastes, a waste management hierarchy can be given for managing wastewater as well. The six 

options of waste hierarchy are as follows: 

 
i. AVOID: Avoid producing the wastewater as far as possible. 

ii. REDUCE: Produce less of the contaminant and avoid diluting it. 

iii. REUSE: Reuse the water in the production process and find processes that value the wastewater 

as a resource. 

iv. RECYCLE: Treat the wastewater to a sufficient standard to allow reuse in the process or treat to 

allow use by another enterprise. 

v. TREAT PRIOR TO DISCHARGE: Treating wastewater before discharging it to water bodies. 

vi. REMEDIATE DAMAGE AFTER DISCHARGE 
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1.13 Wastewater and Health 

Fig.3: Wastewater Management Hierarchy 

 

Health security depends first and foremost on availability of clean and safe drinking water and basic 

sanitation facilities. Lack of access to clean water will encourage people to store poor quality water in their 

homes which can increase health risks making them vulnerable to a number of diseases including malaria, 

cholera, typhoid, fever and other life threatening illnesses. Discharge of wastewater to water bodies or to the 

environment results in contamination of water sources. Consumption of contaminated water will jeopardize 

the health of the people. 
 
 
 

Fig. 4: Wastewater related deaths around the world 
 

 

 
 

 
The potential transmission of infectious diseases by pathogenic organisms is the most common concern in 

water reclamation and reuse particularly in developing countries like India where inadequately treated 

wastewater is a public health concern. 
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MODULE 2 
 

WASTEWATER TREATMENT LEVELS AND REUSE APPLICATIONS 
 

Wastewater characteristics have changed drastically in the last few decades. In the earlier 1900‘s municipal 

wastewater was mostly generated from domestic sources. As industrial development grew, there was 

increased discharge of industrial wastewater into the municipal system. The presence of constituent heavy 

metals and other organic compounds have increased over the years and new ones are being added every 

year. 

 
With modifications and improvements in technology, there is also a change in the compounds discharged 

and hence a change in the wastewater characteristics. Therefore effective industrial pretreatment becomes 

an essential component of a water quality management process. 

 
The levels of treatment of wastewater should be determined by detailed analysis of local conditions, needs, 

application of scientific knowledge and engineering judgment based on past experience and considering 

local, state and national laws and regulations. 

 
Methods of treatment in which the application of physical forces predominate are known as unit operations. 

Methods of treatment in which the removal of contaminants is brought about by chemical or biological 

reactions are known as unit processes. 

 
Covered below in Table 3 are the various levels of wastewater treatment: 

 
Table 3: Levels of Wastewater Treatment 

TREATMENT LEVEL DESCRIPTION 

Preliminary Removal of wastewater constituents such as rags, 
sticks, floatables and grit that may cause 
maintenance and operational problems with the 
treatment operations 

Primary Removal of a  portion of the suspended solids and 
organic matter from the wastewater 

Advanced primary Enhanced removal of suspended solids and organic 
matter from the wastewater, usually by chemical 
addition or filtration 

Secondary Removal   of   biodegradable   organic   matter   and 
suspended solids. Can include disinfection also. 

Secondary with nutrient removal Removal of biodegradable organics, suspended 
solids, and nutrients (nitrogen, phosphorous, or both 
N and P) 

Tertiary Removal of residual suspended solids usually by 
granular medium filtration  or microscreens. 
Disinfection is also a part of this level. 

Advanced Removal of dissolved and suspended materials 
remaining after normal biological treatment when 
required for various water reuse applications 
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2.1 Wastewater Reclamation and Reuse 
 

Reclamation of wastewater is an important component of wise water management. Reclaimed water is 

derived from domestic wastewater and small amounts of industrial process water or storm-water. The 

process of reclaiming water, sometimes called water recycling or water reuse, involves a highly engineered, 

multi-step treatment process that speeds up nature's restoration of water quality. The process provides high 

level of disinfection and reliability to assure that only water meeting stringent requirements leaves the 

treatment facility. 

2.2 Wastewater Reuse Applications 
 

 Agricultural Irrigation – This is the largest current use of reclaimed and recycled water 

 Landscape Irrigation which includes irrigation of parks, playgrounds, golf courses, freeway 

medians, landscaped areas near commercial, office and industrial developments. 

 Industrial reuse is another major use for reclaimed wastewater and is mainly used for cooling and 

process needs. Cooling water demand creates the largest need for water in many industries. 

 Groundwater recharge through spreading basins or direct injection to groundwater aquifers is 

another use which includes assimilation of reclaimed water for replenishment, storage or for 

establishing hydraulic barriers in coastal areas. 

 Recreational/environmental uses and involves a number of non potable uses like urban 

recreational lakes, enhancement of marshes. Manmade lakes, golf course ponds and water traps 

are examples of reclaimed water. For environmental uses, reclaimed water can be applied to 

wetlands for restoration and improvement of habitats 

 Non- potable uses like air-conditioning, toilet flushing and construction purposes etc. 
 

In many locations where the available supply of fresh water has become inadequate to meet the water 

needs, wastewater should be viewed as a resource and not as a waste. 

Technologies that are suitable for water reuse applications include membranes, carbon adsorption, 

advanced ion exchange and air stripping. Membranes are being tested increasingly to produce high quality 

effluent suitable for reclamation. Increased levels of contaminant removal not only enhance the product for 

reuse but also lessen health risks. 
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MODULE 3 

WASTEWATER CONSTITUENTS 

3.1 Characteristics of wastewater 
 

Municipal wastewater is mainly comprised of water (99.9%) together with relatively small concentrations of 

suspended and dissolved organic and inorganic solids. Wastewater is characterized in terms of its physical, 

chemical and biological composition. Constituents of wastewater are in the form of the dissolved and 

suspended solids which contain organic and inorganic materials. 

Organic constituents include various natural and synthetic organic chemicals such as carbohydrates, 

proteins, fats, oils, grease, soaps, synthetic detergents, pesticides, agricultural fertilizers, volatile organic 

compounds, and other toxic chemicals. Table 4 shows the wastewater characteristics and its attributes. 

Inorganic constituents include heavy metals, nutrients (nitrogen and phosphorus), pH, alkalinity, chlorides, 

sulfur, and other inorganic pollutants. Gases such as carbon dioxide, nitrogen, oxygen, hydrogen sulfide and 

methane may be present in wastewater. 

Table 4:  Wastewater characteristics and its attributes 
 
 

CHARACTERISTICS ATTRIBUTES 

 
 
 

PHYSICAL 

 Solids 

 Temperature 

 Color and Odour 

 Electrical Conductivity 

 Turbidity 
 
 
 
 
 

CHEMICAL 

 pH 

 Bio-chemical Oxygen Demand ( BOD) 

 Chemical Oxygen Demand ( COD) 

 Chlorides 

 Sulfates 

 Nutrients – Nitrogen and Phosphorous 

 Metals – Cadmium, Calcium, Silver, Zinc, Sodium 
 
 
 

BIOLOGICAL 

 Bacteria 

 Protozoa 

 Viruses 

 Algae 

 Helminthes 
 

3.2. Physical characteristics 
 

The physical characteristics are those items in the wastewater, which are detectable by using the physical 

senses such as temperature, odor, color, solid materials, electrical conductivity and turbidity. The 

wastewater is turbid, grayish-white in color, and has a musty odor. Small particles of feces and paper are 

visible in the waste stream, but these will rapidly settle if the wastewater is quiescent. Fresh wastewater 

becomes stale in 2 to 6 hours, depending upon temperature, nature of materials present, and the addition of 

oxygen through turbulent flow. Warm wastewater becomes stale more rapidly than cold wastewater. The 
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addition of oxygen helps to extend the time that wastewater will remain fresh. Stale wastewater is dark 

brown to black and has a pronounced hydrogen sulfide (rotten egg) odor. Frequently, gas bubbles will 

evolve from the surface. Carbon dioxide (a product of aerobic and anaerobic decomposition) and methane 

(a product of anaerobic decomposition which occurs during wastewater digestion) are found in wastewater. 

 
(i) Solids 

 
Wastewater contains a variety of solid materials varying from rags to colloidal material. In the 

characterization of wastewater, coarse materials are usually removed before the sample is analyzed for 

solids. 

Classification of solids 
 
 

Table 5: Types of solids and its description 
 

 
Types of solids DESCRIPTION 

Total Solids ( TS) The residue remaining after a wastewater sample has been evaporated and 
dries at a specific temperature(103 to 105°C) 

Total Volatile Solids (TVS) Those  solids  that  can  be  volatized  and  burned  off  when  the  TS  are 
ignited(500 ± 50°C) 

Total Fixed Solids The residue that remains after the TS are ignited (500 ±50°C) 

Total Suspended Solids Portion of the TS retained on the filter with a specified pore size measured 
after being dried at a specific temperature 

Volatile Suspended Solids Those solids that can be volatilized and burned off when the TSS are 
ignited 

Fixed Suspended Solids The residue that remains after TSS are ignited (500 ±50°C) 

Total Dissolved Solids Those solids that pass through the filter, and are evaporated and dries at 
specific temperatures 

Total   Volatile   Dissolved 
Solids 

Those solids that can be volatilized and burned off when the TDS are 
ignited (500 ±50°C) 

Fixed Dissolved Solids The residue that remains after TDS are ignited (500 ±50°C) 

Settlable Solids Suspended solids, expressed as milligram per liter, that will settle out of 
suspension within a specified period of time 

 

(ii) Turbidity 
 

Turbidity is a measure of the cloudiness of water- the cloudier the water, the greater the turbidity. Turbidity in 

water is caused by suspended matter such as clay, silt, and organic matter and by plankton and other 

microscopic organisms that interfere with the passage of light through the water. Turbidity is closely related 

to total suspended solids (TSS), but also includes plankton and other organisms. 

 
Sewage is normally turbid resembling dirty dish wash water or wastewater from bathrooms, toilets etc. The 

degree of turbidity can be measured and tested by turbidity meters. The measurement of turbidity is based 

on the comparison of the intensity of light scattered by a sample to the light scattered by a reference 

suspension under the same conditions. It is measured in Nephelometric Turbidity Unit (NTU). 
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(iii) Colour & Odour 
 

The colour and odour of wastewater determines the freshness of the wastewater. Fresh wastewater is 

odourless and the colour may be grey, yellowish or light brown. If the wastewater is black or dark brown and 

has a foul smell, it represents septic wastewater. Odors in domestic wastewater usually are caused by 

gases produced by the decomposition of organic matter or by substances added to wastewater. 

(iv) (iv) Temperature 
 

The temperature of wastewater is slightly higher than that of the water supply due to the biological actives. 

Turbid water absorbs more sunlight and hence the temperature of wastewater is high. Temperature of 

wastewater influences the solubility of oxygen, which affects oxygen transfer capacity and rate of biological 

activity. The Optimum temperatures for bacterial activity range from 25 to 35 °C. The rate of biological 

activities reduces, when the temperature rises to 50°C. The anaerobic processes are more sensitive to 

temperature variations than aerobic processes. 

(v) ) Conductivity 

The electrical conductivity (EC) of water is a measure of the ability of a solution to conduct an electrical 

current. The electrical current is transported by the ions in the solution, the conductivity increases as the 

concentration of ions increases. The EC of water is important for determining the suitability of water for 

irrigation by measuring its salinity. EC is measured in millisiemens per meter and in micromhos per cm. 

3.3 Chemical characteristics 
 

Chemical characteristics of wastewater are less visible than the physical characteristics but they significantly 

affect the wastewater quality. Various types of chemical pollutants get into water and it is difficult to identify 

and quantify all of them. The main characteristics for the treatment and management of wastewater are 

detailed below. 

(i) pH 
 

pH is defined as a negative decimal logarithm of the hydrogen ion activity in a solution .The Hydrogen ion 

concentration is one of the most important quality parameters of both water and wastewater. This is because 

the concentration range of pH suitable for existence of most biological life is quite narrow (generally between 

6.5 to 7.5). 

 
pH indicates whether a liquid is acidic or alkaline. pH value above 7.5 makes the liquid alkaline and less 

than 6.5 is acidic. Wastewater with an extreme concentration of hydrogen ions is very difficult to treat and if 

its concentration is not altered, it can alter the concentration in the natural waters. 

 
(ii) Alkalinity 

 
The alkalinity of water is a measure of its capacity to neutralize acids. It also refers to the buffering capacity, 

or capacity to resist a change in pH. Alkalinity in wastewater results from the presence of carbonates and 

bicarbonates of elements such as calcium, magnesium, sodium, potassium and ammonia. The calcium and 

magnesium bicarbonates represent the major form of alkalinity in wastewater. Alkalinity is measured in 

terms of equivalent calcium carbonate (CaCO3). 
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(iii) Inorganic constituents 
 

The chemical constituents of wastewater are typically classified as inorganic and organic. Inorganic 

chemical constituents include nutrients, non metallic constituents, metals and gases. These can be 

classified as aggregate or individual organic compounds. The sources of these non metallic and metallic 

constituents are from the background levels in water supply, domestic use and highly mineralized water from 

wells, groundwater and industries. 

(iv) (iv) Chlorides 
 

Chloride is a constituent of concern in wastewater as it can impact the final reuse applications of reclaimed 

wastewater. Chloride results when water comes in contact with the rocks and soils containing chloride and in 

coastal areas from saltwater intrusion. Discharges from agriculture, industry and domestic sectors too are 

sources of chlorides. 

(v) ) Nutrients 
 

The elements of nitrogen and phosphorous which are essential for the growth of microorganisms, plants and 

animals are known as nutrients or biostimulants. 

a) Nitrogen is an essential building block in the synthesize of protein, nitrogen data is required to 

evaluate the treatability of wastewater by biological processes. The principal sources of nitrogen 

compounds are (1) nitrogenous compounds of plant and animal origins, (2) sodium nitrate, and (3) 

atmospheric nitrogen. 

b) Phosphorous is a nutrient essential to the growth of algae and other biological organisms. The 

amount of phosphorous that enters the surface water has to be controlled. The usual forms of 

phosphorous include orthophosphate, polyphosphate and organic phosphate. 

 
(vi) ) Sulphur 

 
The sulphur ion occurs naturally in most water supplies and is present in wastewater. The sulphur required 

in the synthesis of proteins is released in their degradation. Sulfate is biologically reduced under anaerobic 

conditions to sulfide, which in turn can combine with hydrogen to form hydrogen sulfide. 

Hydrogen sulfide gas which is evolved and then mixed with wastewater gas is corrosive to the gas piping 

and is dangerous in many cases. 

(vii) Gases 
 

Gases commonly found in untreated wastewater include nitrogen, oxygen, carbon dioxide, hydrogen sulfide, 

ammonia and methane. The first three are the common gases found in the atmosphere and the latter three 

are formed by decomposition of the organic matter. Other gases that might be present are chlorine, ozone 

and oxides of sulphur and nitrogen. 

(viii) ) Dissolved oxygen (DO) 
 

Dissolved oxygen is the amount of gaseous oxygen (O2) dissolved in an aqueous solution. Oxygen gets into 

water by diffusion from the surrounding air, by aeration (rapid movement), and as a waste product of 

photosynthesis. Dissolved oxygen is required for respiration of aerobic microorganisms as well as other life 

forms. The presence of DO in wastewater is beneficial for preventing the formation of odours. 
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(ix) Hydrogen sulfide 
 

Hydrogen sulfide is formed from the decomposition of organic matter containing sulphur or  from  the 

reduction of mineral sulphites and sulphates. The gas is a colourless, inflammable compound having the 

characteristic odor of rotten eggs. The blackening of wastewater and sludge usually results from the 

formation of hydrogen sulfide that has combined with iron to form ferrous sulphide. 

(x) Methane 
 

Methane is the principal byproduct from the anaerobic decomposition of the organic matter in wastewater. 

It‘s a colorless, odourless, combustible hydrocarbon of high fuel value. In treatment plants, methane is 

produced from anaerobic treatment process used to stabilize wastewater sludges. 

3.4 Metallic constituents 
 

The metals found in trace quantities in wastewater are cadmium, chromium, copper, iron, lead, manganese, 

mercury, nickel and zinc. Some of these are classified as priority pollutants. The presence of these metals in 

excess amounts will interfere with the beneficial uses of water and hence their measures should be kept in 

check and concentrations should be controlled. 

Metals are important in the treatment, reuse and disposal of treated effluents and biosolids. The sources of 

trace metals in wastewater  include the discharges from residential areas, groundwater infiltration and 

commercial and industrial discharges. 

The typical waste compounds produced by commercial, industrial and agricultural activities that have been 

classified as priority pollutants are Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Selenium and 

Silver. 

 
3.5 Aggregate organic constituents 

 
Organic compounds are those composed of a combination of carbon, hydrogen and oxygen along with 

nitrogen in some cases. In wastewater, the main organic matters are proteins, carbohydrates, oils, fats and 

small quantities of simple and complex synthetic organic molecules. Individual organic compounds are 

determined to assess the presence of priority pollutants and a number of new emerging compounds. 

(i) Volatile organic compounds 
 

Organic compounds that have a boiling point less than or equal to 100°C and have a vapour pressure 

greater than 1mm Hg at 25°C are generally considered to be volatile organic compounds. VOCs are of great 

concern, as such compounds in the vapour state are more mobile and when released to the environment 

cause significant public health risks and increase the reactive hydrocarbons. 

Disinfection byproducts, pesticides and agricultural chemicals found in industrial wastewaters and 

agricultural runoff respectively are toxic to many organisms making them significant contaminants of surface 

waters. Also disinfection products, even though present in really low concentrations, are suspected 

carcinogens. 

(ii) Emerging organic compounds 
 

Emerging organic compounds have been identified in wastewater effluents. These are mostly derived from 

veterinary and human antibiotics, human prescription and non-prescription drugs, industrial, household 

wastewater products and hormones. All these, if dumped into the waste stream, have serious health 

impacts. 
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(iii) UV Absorbing Constituents 
 

A number of organic compounds are found in wastewater, including humic substances, lignin, tannin and 

various other aromatic components that strongly absorb UV radiation. So UV absorption has been used as a 

measure for determining the organic compounds that absorb UV. 

(iv) Surfactants 
 

Surfactants are large organic molecules that are slightly soluble in water and cause foaming in wastewater 

treatment plants and in surface waters into which the effluent is discharged. 

(v) Total and Dissolved Organic Carbon (TOC) 
 

The TOC can be used as a measure of the pollution characteristics of wastewater and is used to determine 

the total organic carbon in an aqueous sample. Along with the Chemical Oxygen Demand, it has also 

become important to fractionate the TOC into particulate TOC and Dissolved TOC. 

(vi) Measurement of organic content 
 

Any oxidizable material present in a natural waterway or in an industrial wastewater will be oxidized both by 

biochemical (bacterial) or chemical processes. The result is that the oxygen content of the water will be 

decreased. Basically, the reaction for biochemical oxidation may be written as: 

Oxidizable material + bacteria + nutrient + O2 → CO2 + H2O + oxidized inorganic such as NO3 

or SO4 

 

 
Oxygen consumption by reducing chemicals such as sulfides and nitrites is typified as follows: 

 
 

S-- + 2 O2 → SO4
-- 

NO2
- + ½ O2 → NO3

-
 

Since all natural waterways contain bacteria and nutrients, almost any waste compounds introduced into 

such waterways will initiate biochemical reactions (such as shown above). These biochemical reactions 

create what is measured in the laboratory as the Biochemical oxygen demand (BOD). Such chemicals are 

also liable to be broken down using strong oxidising agents and these chemical reactions create what is 

measured in the laboratory as the Chemical Oxygen Demand (COD). 
 
 

Both the BOD and COD tests are a measure of the relative oxygen-depletion effect of a waste contaminant. 

Both have been widely adopted as a measure of pollution effect. The BOD test measures the oxygen 

demand of biodegradable pollutants whereas the COD test measures the oxygen demand of oxidizable 

pollutants. 

(vii) Biological Oxygen Demand (BOD) 
 

Biological oxygen demand or BOD is a procedure for determining the amount of dissolved oxygen needed 

by aerobic biological organisms in a body of water to break down organic material present in a given water 

sample at certain temperature over a specific time period. The 5 day BOD is one of the most widely used 

parameters of organic pollution applied to both wastewater and surface water, and this involves the 

measurement of dissolved oxygen used by microorganisms in the biochemical decomposition of organic 

matter. The basis of this test is that if sufficient oxygen is available, the aerobic biological decomposition will 
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continue till all the waste is consumed. BOD gives clarity about the biodegradable matters present in 

wastewater. 

 
There is no generalized correlation between the 5-day BOD and the ultimate BOD. Similarly there is no 

generalized correlation between BOD and COD. It is possible to develop such correlations for specific waste 

contaminants in a specific waste water stream but such correlations cannot be generalized for use with any 

other waste contaminants or waste water streams. This is because the composition of any waste water 

stream is different. As an example an effluent consisting of a solution of simple sugars that might discharge 

from a confectionery factory is likely to have organic components that degrade very quickly. In such a case 

the 5 day BOD and the ultimate BOD would be very similar, i.e. there would be very little organic material left 

after 5 days. However a final effluent of a sewage treatment plant serving a large industrialized area might 

have a discharge where the ultimate BOD is much greater than the 5 day BOD because much of the easily 

degraded material would have been removed in the sewage treatment process but the difficult to degrade 

organic molecules discharged by the industrial processes would still remain. 

(viii) Chemical Oxygen Demand (COD) 

This is the standard method for indirect measurement of the amount of pollution (that cannot be oxidized 

biologically) in a sample of water. The test is used to measure the oxygen equivalent of the organic material 

in wastewater that can be oxidized chemically. The result of a chemical oxygen demand test indicates the 

amount of water-dissolved oxygen (expressed as parts per million or milligrams per liter of water) consumed 

by the contaminants. The basis for the COD test is that nearly all organic compounds can be fully oxidized 

to carbon dioxide with a strong oxidizing agent under acidic conditions. The amount of oxygen required to 

oxidize an organic compound to carbon dioxide, ammonia, and water is given by: 

 
 

This expression does not include the oxygen demand caused by the oxidation of ammonia into nitrate. The 

process of ammonia being converted into nitrate is referred to as nitrification. The following is the correct 

equation for the oxidation of ammonia into nitrate. 

 
 

It is applied after the oxidation due to nitrification if the oxygen demand from nitrification must be known. 

Dichromate does not oxidize ammonia into nitrate, so this nitrification can be safely ignored in the standard 

chemical oxygen demand test. The higher the chemical oxygen demand, the higher the amount of pollution 

in the test sample. 

3.6 Biological characteristics 
 
 

The biological characteristics of wastewater are of primary importance in the control of diseases caused by 

pathogenic organisms of human origin. Wastewater contains countless numbers of living organisms mainly 

micro-organisms (100,000/ml to 10, 00,000/ml). Majority of them are not harmful to humans. They play a 

major role in the biological treatment of wastewater. Only some of the microorganisms are disease causing- 

known as pathogens. 

 
The main pathogens present in wastewater are: 
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a) Bacteria  -  the  most  significant  group  of  pathogens  are  those  causing  typhoid,  cholera, 

salmonellosis 

b) Protozoa- which are causative agents of some tropical diseases ( eg. amoebic dysentery) 

c) Viruses – which cause diseases like hepatitis A, meningitis 

d) Fungi – This can cause skin diseases 

e) Worms and leeches – these are animal parasites that infest human organs like tapeworms and 

threadworms 

 
Wastewater contains pathogenic organisms in large numbers, making it difficult to isolate and identify the 

micro-organisms. It can be easily isolated by testing some organisms which are called as indicator 

organisms. Examples of indicator organisms are total coliform bacteria, Eschirichia Coli (E.Coli), Faecal 

coliforms and Enterococci. 
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MODULE 4 
 

WASTEWATER TREATMENT: PHYSICAL AND CHEMICAL PROCESSES 
 

Municipal sewage has many types of impurities such as floating objects, suspended solids, dissolved solids, 

dissolved gases and microorganisms. Along with human organic waste, detergents, pesticides and 

pharmaceuticals also get added to it. Wastewater, therefore, can also be called water of different form 

where, if the concentration of impurities is reduced, can have applications similar to that of freshwater. 

The treatment of wastewater is a relatively modern practice. Although sewers to remove foul-smelling water 

were common in ancient Rome, it was not until the 19th century that large cities began to understand the 

necessity of reducing the amount of pollutants in the used water they were discharging to the environment. 

Despite large supplies of freshwater and the natural ability of surface waters to cleanse themselves over 

time, populations had become so concentrated by 1850 that outbreaks of life threatening diseases became 

commonplace due to the presence of pathogenic bacteria in the polluted water. 

 
In order to reuse or to dispose of the wastewater, it should meet standards set by the authorities. The 

wastewater should be treated to achieve these standards. To achieve the required or desired quality 

application of more than one treatment process may be needed. Thus, the treatment plants usually consist 

of a chain of processes operating in sequence. The process is to be selected depending on the impurities 

present in the waste stream and the required output quality. Selection of proper treatment method based on 

the characteristics of wastewater is the key to achieve the desired results and to overcome problems in 

treatment. 

 
What happens in a wastewater treatment plant is essentially the same as what occurs naturally in an ocean, 

lake, river or stream. The function of a wastewater treatment plant is to speed up this natural cleansing 

process. The practice of wastewater collection and treatment has been developed and perfected, using 

some of the most technically sound physical, chemical and biological techniques available. As a result, 

public health and water quality are protected better today than ever before. 

 
4.1 Basic Principles of Wastewater Treatment 

 
The contaminants in wastewater are removed by physical, chemical and biological methods. The individual 

methods usually are classified as physical unit operations, chemical unit processes, and biological unit 

processes. Treatment methods in which the application of physical forces predominates are known as 

physical unit operations. Examples of physical unit operations include screening, mixing, sedimentation, gas 

transfer, filtration and adsorption. Treatment methods in which the removal or conversion of constituents is 

brought about by the addition of chemicals or by other chemical reactions are known as chemical unit 

processes. Examples of chemical unit processes include oxidation, precipitation and disinfection. Treatment 

methods in which the removal of constituents is brought about by biological activity are known as biological 

unit processes. It is used to remove the biodegradable organic constituents and nutrients in wastewater. The 

activated sludge process and trickling filter process are this type of processes. In wastewater treatment unit 

operations and processes are employed in a variety of combinations. 

 
4.2 Sewage Treatment 

Liquid sewage is the most common example of wastewater, which is discharged from homes and 

businesses alike. It usually contains a mixture of human waste, food remnants, water used in washing 

machines and any other liquid waste that may have found its way into the sewage system. 
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The collection, treatment and disposal of liquid waste (sewage) is referred to as sewerage. Sewerage 

systems include all the physical structures required for collection, treatment and disposal of the wastes. In 

other words, discharged wastewaters that are collected in large sewerage networks, transporting the 

wastewater from the site of production to the site of treatment comprise Sewage treatment networks 

(sewerage system). 

 
In sewage treatment, in order to achieve the desired product quality a sequence of several processes are 

employed. With wastewater containing organics, initial physical processes will be followed by biological 

processes and a final physical solid/liquid separation stage. In cases where the wastewater is of complex 

nature, treatment process chain may require all the methods such as physical, chemical, biological and 

advanced treatment. 

 
Conventional wastewater treatment consists of the following stages: preliminary, primary, secondary, and 

disinfection. Municipal wastewater treatment facilities use combinations of physical, biological and chemical 

treatment technologies. Preliminary and primary treatments are usually physical processes, such as 

screening for the removal of debris and large solids, and sedimentation. A secondary treatment may utilize 

biological processes, such as stabilization ponds, trickling filter, oxidation ditch, and activated sludge, which 

is then followed by sedimentation of biomass (sludge). Tertiary and advanced treatment is an additional 

treatment for higher-level removal of specific pollutants, such as nitrogen or phosphorus, which cannot be 

removed by conventional secondary treatments. Even relatively simple processes used in developing 

countries are capable of achieving high degrees of treatment if operated properly. In many developing 

countries, particularly in arid/semiarid and warm climate regions, waste stabilization ponds are extensively 

used for wastewater treatment owing to their simplicity, low construction cost and minimal operational 

requirements. 
 
 

Table 6: Sewage Treatment Process 
 

 Preliminary Primary Secondary Tertiary and Advanced 
Purpose Removal of 

large solids 

and 

grit particles 

Removal of 

suspended 

solids 

Biological treatment and 

removal of common bio- 

degradable organic 

pollutants 

Removal of specific 

pollutants, such as 

nitrogen or phosphorous, 

colour, 

odour, etc. 
Sample Screening, Screening Percolating/trickling filter, Sand filtration, 
technologies Settling Sedimentation activated sludge process, Membrane bioreactor, 

Anaerobic treatment, Reverse osmosis , 
Waste stabilization Ozone treatment, 
ponds (oxidation ponds) Activated carbon 

adsorption 
 

4.3 Physical treatment operations 
 

Application of predominantly physical forces for treatment is known as physical unit operations. Screening, 

mixing, flocculation, sedimentation, floatation, filtration, and gas transfer are examples of physical unit 

operations. This is mainly for treating of suspended rather than dissolved pollutants. 
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Preliminary treatment processes are the first processes that the wastewater encounters. This typically 

involves flow measurement so that the operator can quantify how much wastewater is being treated. Flow 

monitoring is commonly followed by screenings. 

Examples of preliminary operations are: 

 Screening and communition for the removal of debris and rags. 

 Grit removal for the elimination of coarse suspended matter that may cause wear or clogging of 

equipment. 

 Floatation / skimming for the removal of oil and grease. 
 
 

Preliminary treatment commonly includes raw sewage pumps. Screening and sedimentation/grit removal are 

important to the proper operation of the raw sewage pumps. These materials will cause clogging and cause 

wear on the internal parts. These raw sewage pumps deliver the flow to the next phase of treatment. 

(i) Screening 
 

Screening is one of the oldest physical treatment methods used to remove gross pollutants from the waste 

stream for protection of downstream equipment from damage, avoid interference with plant operations, 

processes, ancillary systems and prevent objectionable floating material from entering the primary settling 

tanks.  It consists solely of separating the floating materials known as screenings (like dead animals, tree 

branches, papers, pieces of rags, wood etc.) and the heavy settleable inorganic solids. Screenings can be 

removed using bar screens and other devices designed for this purpose.  It also helps in removing the oils 

and greases, etc from the sewage. This treatment reduces the BOD of the wastewater, by about 15 to 30%. 

Screening devices may consist of parallel bars, rods or wires, grating, wire mesh, or perforated plates, to 

intercept large floating or suspended material. The openings may be of any shape, but are generally circular 

or rectangular. The material retained from the manual or mechanical cleaning of bar racks and screens is 

referred to as ―screenings‖, and is either disposed of by burial or incineration, or returned into the waste flow 

after grinding. The principal types of screening devices are listed in table 7. 
 
 

Table 7: Types of screens and its applications 
 

Screen 
Category 

Size of 
Opening 

Application Types of Screens 

 
 
 
 
 
 
 
Coarse 

 
 
 
 
 
 
 

6-150 mm 

 
 
 
 
 
 

Remove   large   solids, 

rags and debris 

Manually  cleaned  bar  screens/trash 

racks 

Mechanically cleaned bar 

screens/trash racks 

Chain  or  cable  driven  with  front  or 

back cleaning 

Reciprocating rake screens 

 Catenary screens 

Continuous self- cleaning screens 
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Fine 

 
 
 
 
 
 

Less   than   6 

mm 

 
 
 
 
 

Reduces suspended 

solids to primary 

treatment levels 

 Rotary–drum screens 

 Rotary–drum screens with outward or 

inward flow 

 Rotary–vertical-disk screens 

 Inclined revolving disc screens 

 Traveling water screens 

 Endless band screen 

 Vibrating screens 

 
 
Micro screens 

 
 

10- 35 µm 
Upgrade secondary 

effluent to tertiary 

standards 

 

 

(ii) Grit removal 
 

Removal of grit from wastewater may be accomplished in grit chambers or by the centrifugal separation of 

solids. Grit cambers are designed to remove grit, consisting of sand, gravel, cinders or other heavy solid 

materials. These materials being relatively large sized and of higher densities than those of the organic 

putrescible solids in wastewater, have higher settling velocities. Grit removal is mainly a differential settling 

process where difference in densities of various materials is used for removal. It is desirable to remove grit 

to prevent wear and abrasion on pumps and other mechanical equipments. Grit can also plug lines and 

pipes. Grit chambers are most commonly located after the bar screens and before the primary 

sedimentation tanks. 
 

(iii) Coarse solids reduction 
 

Comminutors and macerators are used to intercept coarse solids and grind or shred them. In  situ 

maceration of floating and large suspended solids can be achieved by a comminutor or macerator in which 

the material is trapped between teeth mounted on a slotted rotating drum and a fixed comb. The solids are 

cut up into a smaller, more uniform size for return to the flow stream for subsequent removal by downstream 

treatment operations and processes. The use of this method is particularly advantageous in a pumping 

station to protect the pumps against clogging by rags and large objects and to eliminate the need to handle 

and dispose of screenings. 
 

(a) Comminutors 
 

A comminuting device is a mechanically cleaned screen which incorporates a cutting mechanism that cuts 

the retained material enabling it to pass along with the sewage. Comminutors are used to pulverize large 

floating material in the waste flow. Comminutors are installed in a wastewater flow channel to screen and 

shred material to sizes from 6 to 20mm without removing the shredded solids from the flow stream. They are 

installed where the handling of screenings would be impractical, generally between the grit chamber and the 

primary settling tanks. Their use reduces odours, flies and unsightliness. A comminutor may have either 

rotating or oscillating cutters. Rotating-cutter comminutors either engage a separate stationary screen 

alongside the cutters, or a combined screen and cutter rotating together. A different type of comminutor, 

known as a barminutor, involves a combination of a bar screen and rotating cutters. 
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Fig 5: Comminutor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Macerators 
 

Macerators are slow speed grinders that typically consist of two sets of counter rotating assemblies with 

blades. The assemblies are mounted vertically in the flow channel. The blades or teeth on the rotating 

assemblies effectively chops material as it passes through the unit. 

 
(c) Grinders 

 
High-speed grinders receive screened materials from bar screens. The materials are pulverized by a high- 

speed rotating assembly that cuts the materials passing through the unit. Wash water is typically used to 

keep the unit clean and to help transport materials back to the wastewater stream. 

 
(iv) Flow equalization 

 
Flow equalization is a method used to overcome the operational problems caused by flow rate variations, to 

improve the performance of the downstream processes and to reduce the size and cost of downstream 

facilities. 
 

Flow equalization is the damping of flow rate variations to achieve a constant or nearly constant flow rate. 

This can be applied to several situations depending upon the characteristics of the collection system. The 

principal applications are for the equalization of dry weather flows to reduce peak flows and loads, wet 

weather flows in sanitary collection systems experiencing inflow and infiltration or combined storm water and 

sanitary system flows. 

 
A few advantages of using flow equalization technique are that biological treatment is enhanced, the quality 

and performance of secondary sedimentation flowing biological treatment is highly improved. Improved filter 

performance, reduced effluent filtration area are other benefits. Apart from improving performances, flow 

equalization is an attractive option for upgrading the performance of overloaded existing plants. A few 

disadvantages are that relatively large land areas are required, odour control is needed near residential 

areas, additional operation and maintenance costs may be incurred and the capital cost is increased. 

MoUD-GoI CED 22  



CoE on Solid Waste & Waste Water Management Course material on WWM 
 

 
 

(v) Mixing and flocculation 
 

 
(a) Mixing 

 
Mixing is an important unit operation of wastewater treatment and it includes mixing of one substance with 

another, blending of miscible liquids, flocculation of waste particles, continuous mixing of liquid suspensions 

and heat transfer. 

Mixing operations are classified into two types: continuous rapid mixing and continuous mixing. 
 

Continuous rapid mixing is most often used where one substance is to be mixed with the other. Some of the 

applications of this type of mixing are blending of chemicals, blending of miscible liquids and addition of 

chemicals to sludge and biosolids to improve their dewatering characteristics. 

Continuous mixing is made use of where the contents of a reactor or holding tank must be kept in 

suspension such as equalization basins, flocculation basins, and suspended growth biological treatment 

processes, aerated lagoons and aerobic digesters. 

There are several type of mixers like static mixers, in-line mixers, high speed induction mixers, pressurized 

water jets, turbine and propeller mixers where each of them is used for relevant purposes. 

The purpose of flocculation in wastewater treatment is to form aggregates or flocs from finely divided 

particles and from chemically destabilized particles. It is a major transport phase where destabilized particles 

are made to collide to form larger particles which can be easily removed by settling or filtration process. 

(b) Flocculation 
 

Flocculation is also of two types: microflocculation and macroflocculation. The distinction between these two 

types is based on the particle sizes involved. Microflocculation is the aggregation of particles brought by 

random thermal motion of fluid molecules, where the random motion of particles is known as Brownian 

motion. Macroflocculation is the aggregation of particles with size greater than 1 or 2 µm and can be brought 

about by induced velocity gradients and differential settling. Mixers used for flocculation are static mixers, 

paddle mixers and turbine and propeller mixers. 

(vi) )  Primary Sedimentation 
 

Sedimentation is a passive process of physical treatment method and involves the gravitational settling of 

heavy particles suspended in a mixture. The purpose of sedimentation is to separate the settlable solids. 

This process is used for the removal of grit, particulate matter in the primary settling basin, biological floc in 

the activated sludge settling basin, and chemical floc when the chemical coagulation process is used. The 

purpose of sedimentation is to remove a substantial portion of the organic solids that otherwise would be 

discharged directly to the receiving waters.  Sedimentation takes place in a settling tank, also referred to as 

a clarifier. The three main designs for a sedimentation tank are horizontal flow, solids contact and inclined 

surface. It is important to bear in mind that the system must produce both a clarified effluent and a 

concentrated sludge. There are four types of settling depending upon the tendency of the particles to 

interact and the concentration of the solids. These are known as discrete, flocculent, hindered or zone and 

compression settling. 

(a) Horizontal flow 
 

Horizontal-flow clarifiers may be rectangular, square or circular in shape (see figure 6). The flow in 

rectangular basins is rectilinear and parallel to the long axis of the basin, whereas in centre-feed circular 

basins, the water flows radially from the centre towards the outer edges. Both types of basins are designed 
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to keep the velocity and flow distributions as uniform as possible in order to prevent currents and eddies 

from forming, and thereby keep the suspended material from settling. Basins are usually made of steel or 

reinforced concrete. The bottom surface slopes slightly to facilitate sludge removal. In rectangular tanks, the 

slope is towards the inlet end, while in circular and square tanks, the bottom is conical and slopes towards 

the centre of the basin. 

Fig 6: Horizontal flow clarifier 
 
 
 

 
 
 

(b) ) Solid contact clarifiers 
 

Solid contact clarifiers bring incoming solids into contact with a suspended layer of sludge near the bottom 

that acts as a blanket. The incoming solids agglomerate and remain enmeshed within the sludge blanket, 

whereby the liquid is able to rise upwards while the solids are retained below. 
 
 

Fig 7: Solid contact clarifiers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) ) Inclined surface basins 

Inclined surface basins, also known as high-rate settlers, use inclined trays to divide the depth into shallower 

sections, thus reducing particle settling times. They also provide a larger surface area, so that a smaller- 
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sized clarifier can be used. Many overloaded horizontal flow clarifiers have been upgraded to inclined 

surface basins. Here, the flow is laminar, and there is no wind effect. 

 
(vi) Flotation 

 
Flotation is a unit operation used to remove solid or liquid particles from a liquid phase by introducing a fine 

gas, usually air bubbles. The gas bubbles either adhere to the liquid or are trapped in the particle structure 

of the suspended solids, raising the buoyant force of the combined particle and gas bubbles. Particles that 

have a higher density than the liquid can thus be made to rise. In waste-water treatment, flotation is used 

mainly to remove suspended matter and to concentrate biological sludge. The main advantage of flotation 

over sedimentation is that very small or light particles can be removed more completely and in a shorter 

time. Once the particles have been floated to the surface, they can be skimmed out. Flotation uses air 

exclusively as the floating agent. 
 
 

Fig 8: Flotation unit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The types of flotation are Dissolved Air Flotation, Air Flotation, Vacuum flotation, flotation using chemical 

additives. 
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Table 8: Floatation methods process and its description 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(viii) Granular medium filtration 

The complete filtration operation comprises two phases: filtration and cleaning or backwashing. The 

wastewater to be filtered is passed through a filter bed consisting of granular material (sand, anthracite 

and/or garnet), with or without added chemicals. Within the filter bed, suspended solids contained in the 

waste-water are removed by means of a complex process involving one or more removal mechanisms such 

as straining, interception, impaction, sedimentation, flocculation and adsorption. The phenomena that occur 

during the filtration phase are basically the same for all types of filters used for waste-water filtration. The 

cleaning/backwashing phase differs, depending on whether the filter operation is continuous or 

semicontinuous. 

 
4.4 Aeration systems 

 
The systems used depend on the function to be performed, type and geometry of the reactor and cost to 

install and operate the system. The different types of aeration systems are diffused air systems, mechanical 

aeration and high-purity oxygen systems. 

The basic methods of aerating wastewater are to introduce air or pure oxygen into the wastewater with 

submerged diffusers or other aeration devices and to agitate the wastewater mechanically so as to promote 

solution of air from the atmosphere. 

 
4.5 Adsorption with activated carbon 

 
Adsorption involves the process of collecting soluble substances within a solution on a suitable solid surface. 

The process involves attracting the soluble substances which sticks to the active sites of the adsorbant. 

Activated carbon is produced by heating char to a high temperature and then activating it by exposure to an 

oxidizing gas at high temperature. The gas develops a porous structure in the char and thus creates a large 

internal surface area. The activated char can then be separated into various sizes with different adsorption 
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capacities. The two most common types of activated carbon are granular and powdered type activated 

carbon. A fixed-bed column is often used to bring the wastewater into contact with Granular Activated 

Carbon (GAC). The water is applied to the top of the column and withdrawn from the bottom, while the 

carbon is held in place. 

Fig 9: Activated carbon adsorption 
 

 

 
 
 

4.6 Chemical Treatment processes 
 

Chemical Unit processes or treatment methods are a way of changing the chemical characteristics of 

wastewater by adding chemicals to form chemical reactions in order to enhance biological/physical 

processes. Hence they are always in conjunction with physical and chemical processes. Chemical 

precipitation, flocculation, pH adjustment and disinfection are a few chemical unit processes. 
 
 

In chemical precipitation, treatment is accomplished by producing a chemical precipitate that will settle. In 

most cases, the settled precipitate will contain both the constituents that may have reacted with the added 

chemicals and the constituents that were swept out of the wastewater as the precipitate settled. 
 
 

(i)  Chemical coagulation and flocculation 
 

Chemical coagulation of raw wastewater before precipitation promotes the flocculation of finely divided 

solids into more readily settleable flocs, thereby enhancing the efficiency of suspended solid, BOD and 

phosphorus removal is high as compared to plain sedimentation without coagulation. The degree of 

clarification obtained depends on the quantity of chemicals used and the care with which the process is 

controlled. Coagulant selection for enhanced sedimentation is based on performance, reliability and cost. 

The dissolved pollutants are converted into suspended pollutants by addition of coagulants. Chemical 

coagulation of raw wastewater before sedimentation promotes the flocculation of finely divided solids into 

more readily settleable flocs, thereby enhancing the efficiency of suspended solid, BOD5 and phosphorus 

removal as compared to plain sedimentation without coagulation. 
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Table 9: Removal efficiency of plain sedimentation with Chemical precipitation 
 

 
 
 

Parameter 

Percentage removal 

Plain sedimentation Chemical precipitation 

Total suspended solids (TSS) 40-90 60-90 

BOD5 25-40 40-70 

COD  30-60 

Phosphorus 5-10 70-90 

Bacteria loadings 50-60 80-90 

 
 

Performance evaluation uses jar tests of the actual wastewater to determine dosages and effectiveness. 

Chemical coagulants that are commonly used in wastewater treatment include alum (Al2(SO4)3.14.3 H2O), 

ferric chloride (FeCl3.6H2O), ferric sulfate (Fe2(SO4)3), ferrous sulfate (FeSO4.7 H2O) and lime (Ca(OH)2). 

Organic poly electrolytes are sometimes used as flocculation aids. Suspended solids removal through 

chemical treatment involves a series of three unit operations by rapid mixing, flocculation and settling. First, 

the chemical is added and completely dispersed throughout the wastewater by rapid mixing for 20-30 

seconds in a basin with a turbine mixer. Coagulated particles are then brought together via flocculation by 

mechanically inducing velocity gradients within the liquid. Flocculation is the process of agglomerating small 

particles into fragile networks of larger particles called flocs. This is a method where flocculants are added to 

produce larger, settlable particles. The resulting flocs can subsequently be separated from the bulk liquid by 

either flotation, sedimentation, or filtration. Flocculation takes 15 to 30 minutes in a basin containing turbine 

or paddle-type mixers. The final step is clarification by gravity. The overflow rates are more consistent. On 

the other hand, coagulation results in a larger mass of primary sludge that is often more difficult to thicken 

and dewater. It also entails higher operational costs and demands greater attention on the part of the 

operator. 

 
Coagulant selection is based on performance, reliability and cost. The advantages of coagulation include 

greater removal efficiency, the feasibility of using higher overflow rates, and more consistent performance. 

On the other hand, coagulation results in a larger mass of primary sludge that is often more difficult to 

thicken and dewater. It also entails higher operational costs and demands greater attention on the part of the 

operator. 
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Fig 10: Coagulation process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jar test to find the amount of coagulant 
 

In many plants, changing wastewater characteristics require the operator to adjust coagulant dosages at 

intervals to achieve optimal coagulation. Different dosages of coagulants are tested using a jar test, which 

mimics the conditions found in the treatment plant. The first step of the jar test involves adding coagulant to 

the source wastewater and mixing the water rapidly (as it would be mixed in the flash mix chamber) to 

completely dissolve the coagulant in the water. Then the water is mixed more slowly for a longer time 

period, mimicking the flocculation basin conditions and allowing the forming floc particles to cluster together. 

Finally, the mixer is stopped and the floc is allowed to settle out, as it would in the sedimentation basin. 
 
 

Fig 11: Jar test apparatus 
 
 

 
 
 

(i) Oxidation and reduction 

Chemical oxidation in wastewater treatment typically involves the use of oxidizing agents like ozone, 

hydrogen peroxide, permanganate, chlorine and oxygen to bring about change in the chemical composition 

of a compound or a group of compounds. These are used for the reduction of BOD and COD, the oxidation 

of ammonia and oxidation of non-biodegradable organic compounds. 
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(ii) Other chemical applications for wastewater treatment and disposal 
 

In addition to the chemical processes described above, various other applications are used in wastewater 

treatment and disposal. 

Table 10: Other chemical applications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Disinfection 
 

Disinfection refers to the selective destruction of disease-causing microorganisms. This process is of 

importance in wastewater treatment owing to the nature of wastewater, which harbours a number of human 

enteric organisms that are associated with various waterborne diseases. Commonly used means of 

disinfection include the following: 

(i) Physical agents such as heat and light; 

(ii) Mechanical means such as screening, sedimentation, filtration, and so on; 

(iii) Radiation, mainly gamma rays; 

(iv) Chemical agents including chlorine and its compounds, bromine, iodine, ozone, phenol and 

phenolic compounds, alcohols, heavy metals, dyes, soaps and synthetic detergents, quaternary 

ammonium compounds, hydrogen peroxide, and various alkalis and acids. 

Disinfectants act through one or more of a number of mechanisms, including damaging the cell wall, altering 

cell permeability, altering the colloidal nature of the protoplasm and inhibiting enzyme activity. In applying 

disinfecting agents, several factors need to be considered: contact time, concentration and type of chemical 

agent, intensity and nature of physical agent, temperature, number of organisms, and nature of suspending 

liquid. 

Table 11: Characteristics of Disinfection Chemicals 
 

 
Characteristic Chlorine Sodium 

hypochlorite 
Calcium 
hypochlorite 

Chlorine 
dioxide 

Bromine 
chloride 

Ozone Ultraviolet 
light 

Chemical 

formula 
Cl2 NaOCl Ca(OCl)2 ClO2 BrCl O3 N/A 

Form Liquid, Solution Powder, 

pellets   or   1 

percent 

solution 

Gas Liquid Gas UV energy 

gas     
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Toxicity to 

micro- 

organisms 

High High High High High High High 

Solubility Slight High High High Slight High N/A 

Stability Stable Slightly 

unstable 
Relatively 

stable 
Unstable Slightly 

unstable 
Unstable, Must be 

generated 

as used 

Toxicity to 

higher forms of 

life 

Highly toxic Toxic Toxic Toxic Toxic Toxic Toxic 

Effect at 

ambient 

temperature 

High High High High High High High 

Penetration High High High High High High Moderate 

Corrosiveness Highly 

corrosive 
Corrosive Corrosive Highly 

corrosive 
Corrosive Highly 

corrosive 
N/A 

Deodorizing 

ability 
High Moderate Moderate High Moderate High None 

Availability/cost Low cost Low cost Low cost Low cost Low cost high cost high cost 
 
 

The most common chemical disinfectants are the oxidizing chemicals, and of these, chlorine is the most 

widely used for altering the cell permeability, altering the colloidal nature of the protoplasm and inhibiting 

enzyme activity. In applying disinfecting agents, several factors need to be considered: contact time, 

concentration and type of chemical agent, intensity and nature of physical agent, temperature, number of 

organisms, and nature of suspending liquid. Table 11 shows the most commonly used disinfectants and 

their effectiveness. 
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MODULE 5 
WASTEWATER TREATMENT- BIOLOGICAL PROCESS 

 
In relation to drinking water, microorganisms are looked upon as potentially hazardous whereas in 

wastewater treatment they can be very beneficial in stabilizing harmful pollutants. The microorganisms play 

a major role in wastewater treatment operations. This is because sewage and other wastewaters contain 

considerable amounts of colloidal and soluble organic substances, which are often most easily broken down 

by biochemical reactions. 

 
For the proper understanding and dealing of biological unit processes and treatment, it is essential to 

understand the role of micro-organisms and the processes. Treatment methods in which the removal of 

contaminants is brought about by biological activity are known as biological unit processes. Biological unit 

processes are used to convert the finely divided and dissolved biodegradable organic matter in wastewater 

into settleable organic and inorganic solids. Basically, these substances are converted into gases that can 

escape to the atmosphere and into biological cell tissue that can be removed by  settling.  Biological 

treatment is also used to remove nutrients (nitrogen and phosphorus) in wastewater. Biological processes 

are usually used in conjunction with physical and chemical processes, with the main objective of reducing 

the organic content (measured as BOD, TOC or COD) and nutrient content (notably nitrogen and 

phosphorus) of wastewater. 
 

5.1 Role of micro- organisms in biological treatment 
 

The removal of dissolved and particulate carbonaceous BOD and the stabilization of organic matter found in 

wastewater are accomplished biologically using a variety of microorganisms, principally bacteria. 

Microorganisms are used to convert the organic matter into simple end products (carbon dioxide and water) 

and additional biomass. Bacteria may be aerobic, anaerobic or facultative. Aerobic bacteria require oxygen 

for life support whereas anaerobes can sustain life without oxygen. Facultative bacteria have the capability 

of living either in the presence or in the absence of oxygen. Microorganisms and their enzyme systems are 

responsible for many different chemical reactions produced in the degradation of organic matter. As the 

bacteria metabolize, grow and divide they produce enzymes. These enzymes are high molecular weight 

proteins. It is important to recognize the fact that colonies of bacteria are literally factories for the production 

of enzymes. The enzymes which are manufactured by the bacteria will be appropriate to the substrate 

in which the enzyme will be working. 

 
Effective biological treatment process has an actively growing microbial population existing as an ecosystem 

with the different microbes forming symbiotic (living together) and often mutualistic (helping each other) 

associations. Each such microbial association is called a consortium.     Treatment occurs by a consortium 

of bacteria each with its own niche. Most use nutrients and energy sources provided by another member of 

the consortium and their metabolic products act as substrates for the next group in the consortium. The loss 

of any one will disrupt the whole process. Each of the separate microbes present in the consortium must 

have all its requirements for growth and multiplication. The waste must therefore be able to supply these 

requirements, i.e., there must be a suitable source of energy and nutrient for each and every one of the 

microbes that is involved in the treatment process. Often one part of the consortium will be absolutely 

dependent on the activities of another part for the supply of an appropriate nutrient. 
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This means that these consortia can be unstable for, if for some reason, one of the partners cannot work 

then the whole process can be disrupted. That is why it is so important to try to maintain an actively 

metabolizing consortium and hope that the input does not change abruptly. 

 
There are two basic biological stabilization reactions, whose occurrence is depended upon the availability of 

dissolved oxygen these reactions are called aerobic and anaerobic. 

 
5.2 Aerobic process 

 
Aerobic reactions takes place in the presence of free oxygen and produce reasonably stable inorganic end 

products with reasonably low energy contents. In the typical sewage treatment plant, oxygen is added to 

improve the functioning of aerobic bacteria and to assist them in maintaining superiority over the aerobes. 

Agitation, settling, pH and other controls are carefully considered and employed as a means of maximizing 

the potential of bacterial reduction of organic in the wastewater. 

Organic Mater (COHNSP) + Oxygen + Bacteria    ----  More bacteria + End products (CO2, NO2, NO3, 
SO4, PO4) 

 
 

Specific bacteria are capable of oxidizing ammonia (nitrification) to nitrite and nitrate, while certain other 

bacteria can reduce the oxidized nitrogen to gaseous nitrogen. 

 
5.3 Anaerobic Process 

 
Anaerobic reactions take place only in the absence of oxygen and are more complex because they occur in 

two stages carried out by different species of bacteria. Acid forming bacteria initially convert complex organic 

compounds into organic acids and alcohols. At this stage, methane forming bacteria convert the acids and 

alcohols into methane and other end products such as hydrogen sulphide. 

 
The end products of anaerobic reactions still contain considerable amount of energy, notably in the form of 

methane which is a combustable gas. As there is a lower release of energy in anaerobic reactions, the 

synthesis of new cells is very much less than in aerobic reactions. Anaerobic reactions are much slower and 

the stabilization for waste process also takes a longer time. 
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5.4 Treatment systems 

Fig 12: Anaerobic decomposition of organic matter 

 

The treatment process is generally termed as suspended growth and attached growth. 
 

(a) Suspended growth processes 
 

In suspended growth processes, the microorganisms responsible for treatment are maintained in liquid 

suspension by appropriate mixing methods. Majority of the suspended growth processes are operated with 

dissolved oxygen. The most common method of suspended growth process is the activated sludge process. 
 

b) Activated sludge process 
 

The activated-sludge process is an aerobic, continuous-flow system containing a mass of activated micro- 

organisms that are capable of stabilizing organic matter. The process consists of delivering clarified 

wastewater, after primary settling, into an aeration basin where it is mixed with an active mass of 

microorganisms, mainly bacteria and protozoa, which aerobically degrade organic matter into  carbon 

dioxide, water, new cells, and other end products. The bacteria involved in activated sludge systems are 

primarily Gram-negative species, including carbon oxidizers, nitrogen oxidizers, floc formers and non-floc 

formers, and aerobes and facultative anaerobes. The protozoa, for their part, include flagellates, amoebas 

and ciliates. 
 

An aerobic environment is maintained in the basin by means of diffused or mechanical aeration, which also 

serves to keep the contents of the reactor (or mixed liquor) completely mixed. After a specific retention time, 

the mixed liquor passes into the secondary clarifier, where the sludge is allowed to settle and a clarified 

effluent is produced for discharge. The process recycles a portion of the settled sludge back to the aeration 
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basin to maintain the required activated sludge concentration. The process also intentionally wastes a 

portion of the settled sludge to maintain the required solids retention time (SRT) for effective organic 

removal. 
 
 
 

Fig 13: Flow diagram for activated sludge systems 
 
 
 

 
 
 

Control of the activated-sludge process is important to maintain a high treatment performance level under a 

wide range of operating conditions. The principal factors in process control are the following: 

(a) Maintenance of dissolved oxygen levels in the aeration tanks; 

(b) Regulation of the amount of returning activated sludge; 

(c) ) Control of the waste activated sludge. 
 

The main operational problem encountered in a system of this kind is sludge bulking, which can be caused 

by the absence of phosphorus, nitrogen and trace elements and wide fluctuations in pH, temperature and 

dissolved oxygen (DO). Bulky sludge has poor settleability and compatibility due to the excessive growth of 

filamentous micro-organisms. This problem can be controlled by chlorination of the return sludge. 

c) Suspended growth aerated lagoons 
 

An aerated lagoon is a basin between 1 and 4 metres in depth in which wastewater is treated either on a 

flow-through basis or with solids recycling. The microbiology involved in this process is similar to that of the 

activated-sludge process. However, the difference is the large surface area created, which may cause more 

temperature effects than are ordinarily encountered in conventional activated-sludge processes. Wastewater 

is oxygenated by surface, turbine or diffused aeration. The turbulence created by aeration is used to keep 

the contents of the basin in suspension. Depending on the retention time, aerated lagoon effluent contains 

approximately one third to one half the incoming BOD value in the form of cellular mass. Most of these 

solids must be removed in a settling basin before final effluent discharge. 
 
 

The principal types of aerated lagoons are classified based on the manner in which the solids are handled, 

they are: facultative partially mixed, aerobic flow through with partial mixing, aerobic with solids recycle and 

nominal complete mixing. 
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d) Sequential Batch Reactor 

Fig 14: Flow diagram for aerated lagoon system 

 

The Sequential Batch Reactor (SBR) is an activated sludge process designed to operate under non-steady 

state conditions. An SBR operates in a true batch mode with aeration and sludge settlement both occurring 

in the same tank. The major differences between SBR and conventional continuous-flow, activated sludge 

system is that the SBR tank carries out the functions of equalization, aeration and sedimentation in a time 

sequence rather than in the conventional space sequence of continuous-flow systems. In addition, the SBR 

system can be designed with the ability to treat a wide range of influent volumes whereas the continuous 

system is based upon a fixed influent flow rate. Thus, there is a degree of flexibility associated with working 

in a time rather than in a space sequence. 

SBRs produce sludges with good settling properties provided the influent wastewater is admitted during the 

aeration stage in a controlled manner. Controls range from a simplified float and timer based system with a 

PLC to a PC based SCADA system with color graphics using either flow proportional aeration or dissolved 

oxygen controlled aeration to reduce aeration, energy consumption and enhance the selective pressures for 

BOD, nutrient removal, and control of filaments. An appropriately designed SBR process is a unique 

combination of equipment and software. Working with automated control reduces the number of operators, 

skill and attention requirement. The majorities of the aeration equipments of sequential batch reactors 

consist of jet, fine bubble, and coarse bubble aeration systems. 

e) Sequencing Batch Reactor Process Cycles 
 

There are six processes for an SBR cycle 
 

(i) Anoxic Fill - The influent wastewater is distributed throughout the settled sludge through the 

influent distribution manifold to provide good contact between the microorganisms and the 

substrate. The influent can be either pumped in or allowed to flow by gravity. This anoxic fill period 

occurs without aeration to create an environment that favors the procreation of microorganisms 

with good settling characteristics. Aeration begins at the end of this period. 

(ii) Aerated Fill - Mixed liquor is drawn through the manifold, mixed with the influent flow in the motive 

liquid pump, and discharged, as motive liquid, to the jet aerator. This initiates the feast period. 

Feast is when the microorganisms have been in contact with the substrate and a large amount of 

oxygen is provided to facilitate the substrate consumption. Nitrification and de-nitrification occurs at 

the beginning of this stage. This period ends when the tank is either full or when a maximum time 

for filling is reached. 

(iii) React - During this period aeration continues until complete biodegradation of BOD and nitrogen is 

achieved.  After  the  substrate  is  consumed  famine  stage  starts.  During  this  stage  some 

MoUD-GoI CED 36  



CoE on Solid Waste & Waste Water Management Course material on WWM 
 

 
 

microorganisms will die because of the lack of food and will help reduce the volume of the settling 

sludge. The length of the aeration period determines the degree of BOD consumption. 

(iv) Settle - Aeration is discontinued at this stage and solids separation takes place leaving clear, 

treated effluent above the sludge blanket. During this clarifying period no liquids should enter or 

leave the tank to avoid turbulence in the supernatant. 

(v) Decant - This period is characterized by the withdrawal of treated effluent from approximately two 

feet below the surface of the mixed liquor by the floating solids excluding decanter. This removal 

must be done without disturbing the settled sludge. 

(vi) Idle- The time in this stage can be used to waste sludge or perform backwashing of the jet aerator. 

The wasted sludge is pumped to an anaerobic digester to reduce the volume of the sludge to be 

discarded. The frequency of sludge wasting ranges between once each cycle to once every two to 

three months depending upon system design 

 
f) Membrane bioreactor systems (MBR) 

 
The term membrane bioreactor (MBR) defines a combination of an activated sludge process and membrane 

separation. Due to recent technical innovations and significant cost reductions the applicability for the MBR 

technology in municipal wastewater treatment has sharply increased. 

The MBR process can be employed in activated sludge processes, using the membranes as liquid-solid 

separation instead of the usual settling. Suspended solids can be removed completely and bacteria-free 

treated water produced. The sludge concentration and hydraulic loading rates are considerably higher than 

in conventional treatment. 

 
Pre-treated, screened influent enters the membrane bioreactor, where biodegradation takes place. The 

mixed liquor from the bioreactor is withdrawn and pumped along submerged or semi-crossflow filtration 

membrane modules. The permeate from the membranes constitutes the treated effluent. 

 
The reject stream, consisting of concentrated biosolids, is returned to the bioreactor. Excess biosolids are 

wasted from the bioreactor or from the return line. Due to the membranes acting as an absolute barrier to 

solids, it is possible to improve the effluent quality, especially with regard to suspended solids as well as 

bacteria and viruses. 

 
The separation of hydraulic and solids retention times provides a good control of biological reactions. Due to 

the high biomass concentration in the bioreactor, the reactor can be much more compact compared to 

conventional activated sludge systems. 

 
g) Stabilization ponds 

 
A stabilization pond is a relatively shallow body of waste-water contained in an earthen basin, using a 

completely mixed biological process without solids return. Mixing may be either natural (wind, heat or 

fermentation) or induced (mechanical or diffused aeration). Stabilization ponds are usually classified, on the 

basis of the nature of the biological activity that takes place in them, as aerobic, anaerobic, or aerobic- 

anaerobic. Aerobic ponds are used primarily for the treatment of soluble organic wastes and effluents from 

wastewater treatment plants. Aerobic-anaerobic (facultative) ponds are the most common type and have 

been used to treat domestic wastewater and a wide variety of industrial wastes. Anaerobic ponds, for their 

part, are particularly effective in bringing about rapid stabilization of strong concentrations of organic wastes. 

Aerobic and facultative ponds are biologically complex. 
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Fig 15  Flow diagram for Stabilization ponds 
 
 

 
The bacterial population oxidizes organic matter, producing ammonia, carbon dioxide, sulfates, water and 

other end products, which are subsequently used by algae during daylight to produce oxygen. Bacteria then 

use this supplemental oxygen and the oxygen provided by wind action to break down the remaining organic 

matter. Wastewater retention time ranges between 30 and 120 days. This is a treatment process that is very 

commonly found in rural areas because of its low construction and operating costs. 

Table 12: Wastewater treatment systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

h) Attached growth processes 
 

In attached growth processes, the microorganisms responsible for the conversion of organic material or 

nutrients are attached to an inert packing material. The organic material and nutrients are removed from the 
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wastewater by flowing past this attached growth which is called as biofilm. These can be operated as 

aerobic and anaerobic processes. The most common method of attached growth process is the trickling filter 

as discussed below 

(i) Trickling filters 
 

The trickling filter is the most commonly encountered aerobic attached-growth biological treatment process 

used for the removal of organic matter from wastewater. Trickling filters are one of the oldest types of 

biological filters. They are still the most common type of biological filter for several reasons. They are 

reliable, simple, effective, rugged and inexpensive when built properly. These filters are filled with rock or 

coal. Incredibly, some trickling filters are still built with rock or gravel today. Unfortunately, the high capital 

cost and maintenance costs associated with this type of filter lead some people to think that trickling filters 

are an outdated and inefficient type of biological filter. 

 
It consists of a bed of highly permeable medium to which organisms are attached, forming a biological slime 

layer, and through which wastewater is percolated. The filter medium usually consists of rock or plastic 

packing material. The organic material present in the wastewater is degraded by adsorption on to the 

biological slime layer. In the outer portion of that layer, it is degraded by aerobic micro-organisms. As the 

micro-organisms grow, the thickness of the slime layer increases and the oxygen is depleted before it has 

penetrated the full depth of the slime layer. An anaerobic environment is thus established near the surface of 

the filter medium. As the slime layer increases in thickness, the organic matter is degraded before it reaches 

the micro-organisms near the surface of the medium. Deprived of their external organic source of 

nourishment, these micro-organisms die and are washed off by the flowing liquid. A new slime layer grows in 

their place. This phenomenon is referred to as ‗sloughing‘. 
 
 

After passing through the filter, the treated liquid is collected in an underdrain system, together with any 

biological solids that have become detached from the medium. The collected liquid then passes to a settling 

tank where the solids are separated from the treated waste-water. A portion of the liquid collected in the 

underdrain system or the settled effluent is recycled to dilute the strength of the incoming wastewater and to 

maintain the biological slime layer in moist condition. A flow diagram of the process is shown in Fig 16. 
 
 

Fig 16: Flow diagram of a trickling filter 

 
 
 

(ii) Rotating biological contactors 
 

A rotating biological contractor (RBC) is an attached-growth biological process that consists of one or more 

basins in which large closely-spaced circular disks mounted on horizontal shafts rotate slowly through 
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wastewater. The disks, which are made of high-density polystyrene or polyvinyl chloride (PVC), are partially 

submerged in the waste-water, so that a bacterial slime layer forms on their wetted surfaces. As the disks 

rotate, the bacteria are exposed alternately to wastewater, from where they adsorb organic matter and to air, 

from where they absorb oxygen. The rotary movement also allows excess bacteria to be removed from the 

surfaces of the disks and maintains a suspension of sloughed biological solids. A final clarifier is needed to 

remove sloughed solids. Organic matter is degraded by means of mechanisms similar to those operating in 

the trickling filters process. Partially submerged RBCs are used for carbonaceous BOD removal, combined 

carbon oxidation and nitrification, and nitrification of secondary effluents. Completely submerged RBCs are 

used for denitrification. 
 
 

In general, RBC systems are divided into a series of independent stages or compartments by means of 

baffles in a single basin or separate basins arranged in stages. Compartmentalization creates a plug-flow 

pattern, increasing overall removal efficiency. It also promotes a variety of conditions where different 

organisms can flourish to varying degrees. As the wastewater flows through the compartments, each 

subsequent stage receives influent with a lower organic content than the previous stage; the system thus 

enhances organic removal. A flow diagram of the process is shown in Fig 17. 
 
 

Fig 17: Flow diagram of RBC 

 
 
 

i) Anaerobic treatment systems 
 

Anaerobic treatment technology is efficient, well demonstrated and provides a cost-effective method of 

disposing organic wastes and producing fuel and fertilizers without releasing greenhouse gases. Anaerobic 

digesters have the ability to destroy large numbers of pathogenic organisms in wastewater and to produce 

energy in the form of methane gas to run water pump engines, electric generators and agricultural 

machinery. The anaerobic digester also produces sludge which is fertilizer normally used in agriculture. An 

integrated system for the recovery of waste resources and improvements in sanitation should have a biogas 

reactor. Biogas is an excellent source of energy and can be used to produce electricity as well as cooking 

and lighting gas. 

A well maintained anaerobic digester should produce 0.1 m3  gas/ m3  digester volume and the gas will 

constitute 70% methane and 30% carbon dioxide and can be easily used for cooking and lighting. Gas 
produced from the system is primarily used for lighting and cooking. The biogas produced is approximately 

70% methane, and that the typical reactor will produce 0.1-0.2 m3 biogas/ m3 digester volume /day when 
60% of the feedstock to reactors is grey water. Digestion usually occurs over a five to six day period for 

maximum biogas generation. Treated slurry is used as a fertilizer, but can also be used as a feed 

supplement for pigs, mushroom growing media, and vermi-composting substrate. 
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Anaerobic Filter 
 

The anaerobic filter, also known as fixed bed or fixed film reactor is used for the treatment of non-settelable 

and dissolved solids by bringing them in close contact with a surplus of active bacterial mass. This surplus 

together with ―hungry‖ bacteria digests the dispersed or dissolved organic matter within short retention 

times. Anaerobic filters are reactors consisting of supporting material layers. On the surface of these 

material layers or bed, fixation of microorganism and the development of biofilm take place. Anaerobic filters 

can be applied not only for treating concentrated wastewater but also for those wastewaters that have low 

organic load (grey water). If they are preceded by a reactor that retains settled solids, they will work better. 

 
 
 

Fig 18 : Anaerobic Filter 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is suitable for domestic wastewater and all industrial wastewater which have a lower content of suspended 

solids. The bacteria in the filter are immobile and generally attach themselves to solid particles or to the 

reactor walls. Filter materials like rocks, cinder, plastic, or gravel provide additional surface area for bacteria 

to settle. Thus, the fresh wastewater is forced to come into contact with active bacteria intensively. The 

larger surface area for the bacterial growth helps in the quick digestion of the wastes. A good filter material 

provides a surface area of 90 to 300 m2  per meter cube reactor volume. Biological oxygen demand up to 

70% to 90 % is removed in a well operated anaerobic filter. 
 
 

Pre-treatment in settlers or septic tanks may be necessary to eliminate solids of larger size before they are 

allowed to enter the filter. When the bacterial film becomes too thick it has to be removed. This may be done 

by back-flush of wastewater or by removing the filter mass for cleaning outside the reactor. Nonetheless, 

the anaerobic filter is very reliable and robust. Anaerobic filters may be operated as down flow or up flow 

systems. A combination of up-flow and down-flow chambers is also possible. 

5.5 The Wet Land Method of Treatment 
 

The principal mechanisms in wastewater treatment like sedimentation, bacterial action, filtration, absorption, 

precipitation, nutrient uptake and use of vegetation system are all utilized for the treatment in this type of 

system. The wetland systems can be classified as 

(i) Natural Wetlands 
 

The process in which wastewater is distributed evenly over the ground surface which acts as a low rate filter. 

Suspended organic matter is absorbed by the soil particles. Nutrients are utilized by vegetation and more 

complex organic materials are decomposed to simpler inorganic compounds by soil bacteria. 
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(ii) Constructed Wetlands 
 

Constructed wetlands are created artificially to improve the quality of water. These wetlands are designed on 

the lines of natural wetlands which are considered as the earth's kidney as they filter the pollutants from the 

flowing water. These wetlands utilize all the natural processes including wetland vegetation, soils, and 

associated microbes for improving water quality. 

Constructed wetland is defined as a wetland specifically constructed for the purpose of pollution control and 

waste management, at a location other than naturally existing wetland. Constructed wetlands are used to 

improve the quality of point and non-point sources of water pollutants and are also used to treat petroleum 

refinery waste, compost and landfill leachates, fishpond discharges and pre- treated industrial wastewater. 

 
Working of Constructed Wetland 

 
Constructed wetlands are generally constructed for wastewater with low suspended solid content whereas 

the COD concentration should be below 500 mg/l. There are three basic treatment systems of constructed 

wetlands: 

    The overland treatment 

system     Vertical flow filter 

    Horizontal flow filter 

The water is distributed on carefully contoured land by channels and sprinkles for overland treatment. 

Horizontal filter on the other hand is simply operated and can be maintained easily. In vertical filter water is 

distributed by distribution device to two or three filter beds. 

Fig.19: Vertical flow filter 
 
 
 
 

 
 
 
 

 
 

Fig. 20 Horizontal flow filter 
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Types of Constructed Wetlands 
 
 

a) Surface Flow Wetlands 
 

The important components of surface wetlands are shallow basin or channel with some type of barriers to 

prevent seepage, soil or other medium to support the roots of vegetation, and a water control structure for 

maintaining the shallow depth of water. Wetlands that are constructed for treating mine drainage or 

agricultural runoff are surface flow wetlands. In these types of wetlands the layer which is near surface is 

aerobic whereas substrate and deeper layer are anaerobic (Fig. 21). 

b) Subsurface Flow Wetlands 
 

The main constituents of the subsurface flow wetland are sealed basin with a porous substrate of rock or 

gravel. The water level in this type of wetland remains below the top of the substrate. Subsurface wetlands 

are suitable for that wastewater having low solid concentration and uniform flow system 

Fig 21: Surface Flow Wetland & Subsurface Flow Wetlands 
 

 

 
Advantages of Constructed Wetlands: 

 
• Wetlands can be less expensive to build than other treatment options. 

 
• Operation and maintenance expenses (energy and supplies) are low. 

 
• Operation and maintenance require only periodic, rather than continuous, on site labor. 

 
• Wetlands are able to tolerate fluctuations in flow. 

 
• They facilitate water reuse and recycling. 

 
• They provide habitat for many wetland organisms. 

 
• They can be built to fit harmoniously into the landscape. 

 
• They provide numerous benefits in addition to water quality improvement. 

 
• They are environment friendly and acceptable to the public 
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Disadvantages of Constructed Wetlands: 
 

• There are no standardized designs that can be routinely applied to universal applications. Each 

system of constructed wetlands must be custom- designed and site- specific. This limitation is not 

necessarily detrimental because it allows each system to be designed on wastewater flow, soil 

characteristics, and geochemical processes particular to each system‘s needs. 

• Constructed wetlands traditionally have poorer performance in colder weather. The biological 

processes slow down in lower temperatures. This severely limits winter use of the system. 

• Depending on the design, they may require a relatively large land area compared to a conventional 

facility. 

• The biological and hydrological processes within a constructed wetland are not yet well understood. 

• There may be possible problems with pests. 
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MODULE 6 

WASTEWATER REUSE 

6.1 What is wastewater reuse? 
 

The term wastewater reuse is often used synonymously with the terms wastewater recycling and 

wastewater reclamation. The U.S. Environmental Protection Agency (EPA) defines wastewater reuse as, 

―using wastewater or reclaimed water from one application for another application. The deliberate use of 

reclaimed water or wastewater must be in compliance with applicable rules for a beneficial purpose 

(landscape irrigation, agricultural irrigation, aesthetic uses, ground water recharge, industrial uses, and fire 

protection). A common type of recycled water is water that has been reclaimed from municipal wastewater 

(sewage).‖ 

Planned water reclamation, its recycling and reuse should be practiced in order to meet societal, industrial 

and technological demands and this will reflect in increased public acceptance and understanding. The 

major pathways of water reuse include irrigation, industrial water reuse, surface water replenishment and 

groundwater recharge. Surface water replenishment and groundwater recharge also occur through natural 

drainage and through infiltration of irrigation and storm water runoff. 

The process of reclaiming water, sometimes called water recycling or water reuse, involves a highly 

engineered, multi-step treatment process that speeds up nature's restoration of water quality. The process 

provides a high-level of disinfection and reliability to assure that only water meeting stringent requirements 

leaves the treatment facility. 

6.2 Rationale for Wastewater Reuse 
 

Recycling of wastewater not only helps reduce pollution of land and water bodies but also has implications 

for water demand and additional investment requirements in water supply. Recycling/ reuse of wastewater 

can reduce or postpone the need for developing new sources of water supply and also help improve the 

environment. The most common reasons for establishing a wastewater reuse program is to identify new 

water sources for increased water demand and to find economical ways to meet increasingly more stringent 

discharge standards. 

Wastewater reuse is a proven technology that has been used for more than 40 years across the U.S. It is a 

drought-proof, renewable supply of water that will help communities keep water tables from dropping, water 

resources from shrinking, and waterways from becoming polluted. 

Reclamation of wastewater is an important component of wise water management. Reclaimed water is 

derived from domestic wastewater and small amounts of industrial process water or storm water. Water 

reuse is a rapidly evolving sector especially with respect to water quality and other related factors. 

6.3 Requirements for Wastewater Reuse 
 

Wastewater reuse can be applied for various beneficial purposes such as agricultural irrigation, industrial 

processes, groundwater recharge etc. To ensure sustainable and successful wastewater reuse applications, 

the following requirements must be fulfilled: 

    The potential public health risk associated with wastewater reuse are evaluated and minimized; 

The specific water reuse applications meet the water quality objectives. 
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In order to meet the requirements, it is necessary to treat the wastewater prior to reuse applications, and 

ensure an appropriate level of disinfection to control pathogens. 

6. 4 Advantages and Disadvantages wastewater reuse 

Advantages: 

    This technology reduces the demands on potable sources of freshwater. 

    It may reduce the need for large wastewater treatment systems, if significant portions of the waste 

stream are reused or recycled. 

    The technology may diminish the volume of wastewater discharged, resulting in a beneficial impact on 

the aquatic environment. 

    Capital costs are low to medium for most systems and are recoverable in a very short time; this 

excludes systems designed for direct reuse of sewage water. 

    Operation and maintenance are relatively simple except in direct reuse of sewage water where more 

extensive technology and quality control are required. 

    Provision of nutrient-rich wastewaters can increase agricultural production in water-scarce areas. 

    Pollution of rivers and ground waters may be reduced. 

    Lawn and golf course irrigation is facilitated. 

    In most cases, the quality of the wastewater, as an irrigation water supply, is superior to that of well 

water. 

Disadvantages 
 

    Reuse of wastewater may be seasonal in nature, resulting in the overloading of treatment and 

disposal facilities during the rainy season; if the wet season is of long duration and/or high intensity, 

the seasonal discharge of raw wastewaters may occur. 

    Health problems, such as water-borne diseases and skin irritations, may occur in people coming into 

direct contact with reused wastewater. 

    Gases, such as sulfuric acid, produced during the treatment process can result in chronic health 

problems. 

    In some cases, reuse of wastewater is not economically viable because of the requirement of an 

additional distribution system. 

    Application of untreated wastewater as irrigation water or as injected recharge water may result in 

groundwater contamination. 

    If implemented on a large scale, revenues to water supply and wastewater utilities may fall as the 

demand for potable water for non-potable uses and the discharge of wastewaters is reduced. 

6.5 Wastewater Reuse Applications 
 

Wastewater reuse may be applied in agriculture, industry, groundwater recharge, and urban usage, 

including landscape irrigation and fire protection. Wastewater reuse can be adopted to meet the water 

demand in different fields and contribute to the conservation of freshwater resources. 

 
(i) Wastewater Reuse for Agriculture 

 
Agricultural irrigation is crucial for improving the quality and quantity of production. Worldwide, agriculture is 

the largest user of water. Agriculture receives 67% of total water withdrawal and accounts for 86% of 

consumption in 2000 (UNESCO, 2000). 
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    Agricultural Irrigation is the largest current use of reclaimed and recycled water irrigation of nonfood 

crops, such as fodder and fiber, commercial nurseries, and pasture lands. High-quality reclaimed 

water is used to irrigate food crops. 

(ii) Urban Applications 
 

In urban areas, the potential for introducing wastewater reuse is quite high, and reuse options may play a 

significant role in controlling water consumption and reducing its pollutant load on the environment. A large 

percentage of water used for urban activities does not need quality as high as that of drinking water. Dual 

distribution systems (one for drinking water and the other for reclaimed water) have been utilized widely in 

various countries, especially in highly concentrated cities of the developed countries. This system makes 

treated wastewater usable for various urban activities as an alternative water source in the area, and 

contributes to the conservation of limited water resources. In most cases, secondarily treated domestic 

wastewater followed by sand filtration and disinfection is used for non-potable purposes, such as toilet 

flushing in business or commercial premises, car washing, garden watering, park or other open space 

planting, and firefighting (Japan Sewage Works Association, 2005). 

 
1. Urban reuse is mainly for landscape irrigation —the irrigation of public parks, playgrounds, golf 

courses, school yards, highway medians, and residential landscapes, landscaped areas near 

commercial, office and industrial developments, landscaped areas near commercial, office and 

industrial developments as well as for fire protection and toilet flushing in commercial and industrial 

buildings. 

(iii) Wastewater Reuse for Industry 
 

Industrial water use accounts for approximately 20% of global freshwater withdrawals. Power generation 

constitutes a large share of this water usage, with up to 70% of total industrial water used for hydropower, 

nuclear, and thermal power generation, and 30 to 40% used for other, non-power generation processes. 

Industrial water reuse has the potential for significant applications, as industrial water demand is expected to 

increase by 1.5 times by 2025. 

    Industrial reuse is the third major use for reclaimed wastewater. Waste water can be used in the 

industry for a variety of purposes like cooling tower make-up water ,Once-through cooling water, 

Process applications, cleaning of premises etc 
 

(iv) Groundwater recharge 
 

2. Groundwater recharge through spreading basins or direct injection to groundwater aquifers is the 

fourth major use which includes assimilation of reclaimed water for replenishment, storage or for 

establishing hydraulic barriers in coastal areas. 

3. Treated wastewater is used to create as ponds and lakes. 
 

(v) Environmental reuse 
 

    Creating artificial wetlands, enhancing natural wetlands, and sustaining stream flows. 

     Recreational impoundments like urban recreational lakes, manmade lakes, golf course ponds and 

water traps 

    Reclaimed water can be applied to wetlands, for restoration and improvement of habitats and 

enhancement of marshes 
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In many locations where the available supply of fresh water has become inadequate to meet the water 

needs, wastewater should be viewed as a resource and not as a waste. Because of health and safety 

concerns, water  reuse applications are mostly restricted to non-potable uses such as landscape and 

agricultural irrigation. However, wastewater reuse applications are expanding by including new uses like 

recharging groundwater, industrial uses etc. Conventional technologies for both water and wastewater 

treatment are incapable of reducing the levels of trace contaminants to a level that does not pose public 

health dangers. Therefore, new technologies that offer higher levels of treatment need to be evolved. 

Technologies that are suitable for new wastewater reuse applications include membranes, carbon 

adsorption, advanced ion exchange and air stripping. Membranes are being tested increasingly to produce 

high quality effluent suitable for reclamation. Increased levels of contaminant removal not only enhance the 

product for reuse but also lessen health risks. Risk assessment should be made an important part of 

wastewater reuse. 
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MODULE 7 
 

SLUDGE TREATMENT AND DISPOSAL 
 
 

The solids and biosolids resulting from wastewater treatment operations and processes are collectively 

termed as sludge. Sewage sludge consists of the organic and inorganic solids that were present in the raw 

waste and were removed in the primary clarifier, in addition to organic solids generated in 

secondary/biological treatment and removed in the secondary clarifier or in a separate thickening process. 

The generated sludge is usually in the form of a liquid or semisolid, containing 0.25 to 12 per cent solids by 

weight, depending on the treatment operations and processes used. Sludge handling, treatment  and 

disposal are complex, owing to the offensive constituents present, which vary with the source of wastewater 

and the treatment processes applied. Sludge is treated by means of a variety of processes that can be used 

in various combinations. A generalized flow diagram showing the various unit sludge treatment operations 

and processes currently in use is presented in figure 22. 

Fig 22: Sludge treatment process 
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Thickening, conditioning, dewatering and drying are primarily used to remove moisture from sludge, while 

digestion, composting, incineration, wet-air oxidation and vertical tube reactors are used to treat or stabilize 

the organic material in the sludge. This module examines various sludge treatment processes with emphasis 

on the most commonly used technologies. 
 

To design sludge processing, treatment and disposal facilities properly, the sources, characteristics and 

quantities should be known. The sources of solids in a treatment plant vary according to the type of plant 

and its method of operation. The characteristics of the solid vary depending upon the origin of solids, 

amount of aging that has taken place and the type of processing to which they have been subjected to. 

 
7.1 Preliminary operations 

 
Grinding, degritting, blending and storage of solids and biosolids are necessary to provide a constant, 

homogenous feed to subsequent processing facilities. 

Sludge grinding is a process in which large and stringy material contained in sludge is cut or shred into small 

particles for prevention of clogging around equipment. 

Sludge screening is an alternative to grinding as raw wastewater can allow significant quantities of solid to 

pass through. 

Degritting operations are required to remove the grit before further processing of the sludge when grit 

removal facilities are not used in the plants ahead of primary sedimentation tanks. The most effective 

method of degritting sludge is through the application of centrifugal force in a flowing system to achieve 

separation of the grit particles from the organic sludge. As the sludge concentration increases, the particle 

size that can be removed decreases. 

Sludge blending - Sludge is generated in primary, secondary and advanced wastewater treatment 

processes. Primary sludge consists of settleable solids carried in raw wastewater.  Secondary  sludge 

consists of biological as well as additional settleable solids and sludge produced in advanced wastewater 

consists of biological and chemical solids. Sludge is blended to produce a uniform mixture to downstream 

operations and processes. Provision of well blended sludge with consistent characteristics to these 

treatment units will enhance greatly the plant operations. 

Storage of sludge  should be provided to smooth out fluctuations in the rate of solids and biosolids 

productions and to allow solids not to accumulate during periods when subsequent processing facilities are 

not operating. Storage is particularly important in providing a uniform feed rate ahead of the following 

processes. 

7.2 Thickening 
 

The solids content of primary, activated filter, trickling filter or of mixed sludge vary considerably and this 

depends on the characteristics of the sludge, the sludge removal and pumping facilities and the method of 

preparation. Thickening is the practice of increasing the solids content of sludge by the removal of a portion 

of its liquid content. A modest increase in solids content (from 3 to 6 per cent) can decrease total sludge 

volume significantly (by 50 per cent), entailing reduced size requirements for subsequent treatment units. 

Sludge thickening methods are usually physical in nature: they include gravity settling, flotation, 

centrifugation, gravity belts and rotary drums. 

The volume reduction achieved by sludge concentration is beneficial for subsequent treatment processes 

such as digestion, dewatering, drying and combustion from the following standpoints and also when liquid 

sludge is transported by tank trucks for direct application to land as a soil conditioner. 
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7.3 Stabilization 
 

Sludges are stabilized to reduce their pathogen content, eliminate offensive odours and reduce or eliminate 

the potential for putrefaction. Technologies used for sludge stabilization include lime stabilization, heat 

treatment, anaerobic digestion, aerobic digestion and composting. 

a) Lime stabilization 
 

In this process, lime is added to untreated sludge to raise the pH to 12 or higher. The high pH environment 

inhibits the survival of micro-organisms, and thus eliminates the risk of sludge putrefaction and odour 

creation. Hydrated lime (Ca(OH)2) and quicklime (CaO) are most commonly used for lime stabilization. Lime 

is added either prior to dewatering (lime pre-treatment) or after dewatering (lime post treatment). 

b) Heat treatment 
 

This process involves the treatment of sludge by heating in a pressure vessel to temperatures of up to 500ºF 

(260ºC) at pressures of up to 2,760 kN/m2 for approximately 30 seconds. The exposure of sludge to such 

conditions results in the hydrolysis of proteinaceous compounds, leading to cell destruction and the release 

of soluble organic compounds and nitrogen. This process also serves for conditioning, as the thermal activity 

releases bound water and results in the coagulation of solids. 

c) Anaerobic sludge digestion 
 

This process involves the anaerobic reduction of organic matter in the sludge by biological activity. The 

methane produced can be recovered and reused for heating and incineration. Four types of anaerobic 

digesters are commonly used for sludge stabilization: standard-rate, standard high-rate, two-stage and 

separate. 

d) Aerobic sludge digestion 
 

Aerobic sludge digestion is similar to the activated-sludge process. It involves the direct oxidation of 

biodegradable matter and microbial cellular material in open tanks for an extended period of time. Aeration 

occurs either naturally or by means of mechanical aerators and diffusers. This process is preferably used 

only for the treatment of waste activated sludge, a mixture of waste activated or trickling filter sludge with 

primary sludge, or waste sludge from extended aeration plants or activated-sludge treatment plants 

designed without primary settling. 

e) Composting 
 

Composting is used for both sludge stabilization and final disposal. During composting, organic material 

undergoes biological degradation, resulting in a 20 to 30 per cent reduction of volatile solids. Enteric micro- 

organisms are also destroyed due to the rise in temperature of the compost. Composting includes the 

following operations: 

(i) Mixing dewatered sludge with a bulking agent; 

(ii) Aerating the compost pile by mechanical turning or the addition of air; 

(iii) Recovery of the bulking agent; 

(iv) curing and storage; 

(v) ) Final disposal. 
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The resulting end product is stable and may be used as a soil conditioner in agricultural applications. 

Aerobic composting is more commonly used than anaerobic composting. The three major types of aerobic 

composting systems are the static aerated pile, windrow and in-vessel systems. 
 
 

 
Fig 23: Flow diagram of sludge treatment 

 
 
 

Composting Process  
 

Table 13: Different types of composting for sludge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.4 Conditioning 
 

Conditioning involves the chemical and or physical treatment of sludge to enhance its dewatering 

characteristics. The two most commonly applied conditioning methods are the addition of chemicals and 

heat treatment. Other conditioning processes include freezing, irradiation and elutriation. 

(a) Chemical conditioning 
 

Chemical conditioning is associated principally with mechanical sludge dewatering systems. It reduces the 

moisture content of incoming sludge from 90-99 per cent to 65-85 per cent by causing solids to coagulate, 

so that the absorbed water is released. Both organic and inorganic chemicals are used for this purpose. The 

two most commonly used inorganic conditioners are ferric chloride and lime. Upon being added, ferric 

chloride forms positively charged soluble iron complexes that neutralize the negatively charged sludge 

solids, causing them to aggregate. Ferric chloride also reacts with the bicarbonate alkalinity in the sludge to 

form hydroxides that cause flocculation. Lime, for its part, is ordinarily used with ferric iron salts. It reacts in 

the sludge to produce calcium carbonate, thus creating a granular structure that increases sludge porosity 

and reduces sludge compressibility. 

Organic polymers are also widely used in sludge conditioning. Organic polyelectrolytes dissolve in water to 

form solutions of varying viscosity. The electrolytes adhere to the surface of the sludge particles, causing 

MoUD-GoI CED 52  



CoE on Solid Waste & Waste Water Management Course material on WWM 
 

 
 

desorption of bound surface water, charge neutralization, and agglomerization by bridging between 

particles. 

(b) Thermal conditioning 
 

Thermal conditioning involves heating the sludge to a temperature of 248-464 ºF in a reactor at a pressure 

of 1,720-2,760 kN/m2 for 15-40 minutes. The applied heat coagulates the solids, breaks down the gel 

structure and reduces affinity for water, resulting in a sterilized, deodorized, dewatered sludge. The 

supernatant from the heat treatment unit has a high BOD and may require special treatment before 

redirection into the mainstream waste-water treatment process. 

7.5 Dewatering 
 

A number of techniques are used for dewatering, which is a physical unit operation aimed at reducing the 

moisture content of sludge. The selection of the appropriate sludge-dewatering technique depends on the 

characteristics of the sludge to be dewatered, available space, and moisture content requirements of the 

sludge cake for ultimate disposal. When land is available and sludge quantity is small, natural dewatering 

systems such as drying beds and drying lagoons are most attractive. Mechanical dewatering methods 

include vacuum filter, centrifuge, filter press and belt filter press systems. 

(a) Sludge drying beds 
 

Sludge drying beds are typically used to dewater digested sludge. After drying, the sludge is either disposed 

of in a landfill or used as a soil conditioner. 
 
 

Table 14: Different types of Sludge drying beds 

 
(b) Drying lagoons 

 
Sludge-drying lagoons, which are suitable only for the treatment of digested sludge, consist of shallow 

earthen basins enclosed by earthen dykes. The sludge is first placed within the basin and allowed to dry. 

The supernatant is decanted from the surface and returned to the plant while the liquid is allowed to 

evaporate. Mechanical equipment is then used to remove the sludge cake. 
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(c) Vacuum filtration 
 

The vacuum filtration process consists of a horizontal cylindrical drum that is partially submerged in a tank of 

conditioned sludge. The surface of the drum is covered with a porous medium (cloth belts or coiled springs) 

and is divided into sections around its circumference. As the drum rotates, the sections function in sequence 

as three distinct zones: cake formation, cake dewatering and cake discharge. An internal vacuum that is 

maintained inside the drum draws the sludge to the filter medium. 

(d) Belt filter press 
 

Belt filter presses use single or double moving belts to dewater sludge continuously. The filtration process 

involves four basic stages 

(i) Polymer conditioning zone; 

(ii) Gravity drainage zone for excess water; 

(iii) Low pressure zone; 

(iv) ressure zone. 
 
 

Table 15: Different stages of filter press 

 
Filter Press 

 
In a filter press, dewatering is brought about by the use of high pressure to force the water out of the sludge. 

Advantages of the filter press are high sludge cake concentration, filtrate clarity and high solids capture. On 

the other hand, the system is characterized by high mechanical complexity, high chemical costs, high labour 

costs and limited cloth life. The two most widely used filter presses are the fixed-volume and the variable- 

volume recessed-plate types. 

The fixed-volume filter press consists of a series of rectangular plates that are supported face to face in a 

vertical position, with a filter cloth hung over each plate. The conditioned sludge is pumped into the space 

between the plates and subjected to high pressure for 1 to 3 hours, so that the liquid is forced through the 

cloth and plate outlet ports. The plates are then separated and the sludge is removed. The variable-volume 

recessed-plate filter press is similar to the fixed-volume type except that a rubber diaphragm is placed 

between the plates to help reduce cake volume during compression. 
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7.6 Drying 
 

The purpose of sludge drying is to reduce the water content to less than 10 per cent by evaporation, making 

the sludge suitable for incineration or processing into fertilizer. Drying is performed mechanically by the 

application of auxiliary heat. 
 
 

Table 16: Different types of drying of sludge 

 
 
 

7.7 Thermal reduction 
 

The thermal reduction of sludge involves two main processes: 

(a) Total or partial conversion of organic solids to oxidized end products, primarily carbon dioxide and water, 

either by incineration or by wet-air oxidation; 

b) Partial oxidation and volatilization of organic solids, either by pyrolysis or by starved air combustion, to 

end-products with energy contents, including gases, oil, tar and charcoal. The main objective of this 

conversion process is the reduction of the volume of solids, as required for final disposal. 
 
 

Table 17: Different types of incinerators 

 
 

7.8 Sludge disposal and reuse 
 

There was a time when sludge was commonly disposed of in sanitary landfills and lagoons. However, the 

beneficial uses of sludge are attracting more attention nowadays. Treated and digested sludge may be used 

as a soil amendment and conditioner. Sludge may also be treated chemically for use as landfill cover or for 

landscaping or land reclamation projects. 
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MODULE 8 
WASTEWATER DISPOSAL 

Wastewater after treatment needs to be disposed of appropriately to avoid the pollution of the water body. 

The ultimate disposal of wastewater effluents can be by dilution in receiving waters, by discharge on land, by 

evaporation into atmosphere as well as seepage into the ground. 

 
This module discusses the setting of standards for disposal of wastewater as well as receiving water quality 

to preserve the natural water quality of the region, the various methods of disposal and processes involved, 

the concept of initial dilution and dispersion, and the basic concepts relating oxygen sag, eutropication, 

reoxygenation and deoxygenation. 

 
8.1 Receiving Water and Discharge Standards 

 
 

The fundamental guidelines for setting up standards include the following; 
 
 

1. Oil, grease and floating solids should be removed from wastewater before discharge to 

receiving water. 

2. Solids that may settle and form sludge banks should be removed. 

3. The minimum dissolved oxygen necessary for fish life must be assured by the setting of 

proper standards. 

4. In canals, exclusively for drainage, dissolved oxygen should not be dropped down to zero 

on account of release of wastewater. 

5. Conservative pollutants should be reduced in concentration mainly by dilution. 

6. Dilution necessary for the discharge of toxic components should be assessed. 

7. Discharge of nutrients promotes excessive growth of algae and other forms of microscopic 

life resulting in undesirable turbidity and floating scum. As the organism die, odour is 

produced and the nutrients returned to watercourse, thus nutrient content of wastewater 

should be reduced before discharge. 

8. Heated  water  discharges  should  not  increase  the  temperature  of  the  main  body  of 

receiving waters 50 C above the ambient temperature of water body. 

8.2 Effluent disposal by dilution 
 

To describe the effects of a waste discharge on a water body, it is necessary for us to understand the 

physical phenomenon occurring in that body of water. Disposal processes where dilution is  involved, 

concept of mass balance need to be understood well, which forms the basis of all the dilution processes in 

all the water body system. 

The mass balanced equation is a simple formulation of mass of wastewater constituent in a stationary 

volume of fixed dimension. The simple mass balance equation shall be: 
 
 

(Rate of mass increased) = (Rate of mass entering) - (Rate of mass leaving + Rate of mass generated 

inside) – (Rate of mass lost inside) 
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8.3 Disposal into Water bodies 
 
 

a) Disposal into Lakes 
 

In locations where nearby streams are not available, it may be necessary to discharge treated wastewater 

into lakes or reservoirs. Lakes and reservoirs are often subjected to significant mixing due to wind induced 

currents. 

For bringing out the dilution estimate for the waste disposal, we need to understand the mass balanced 

equation of the effluent disposal in a lake. As discussed above, it is important to understand various other 

conditions of the lakes where treated wastewater is discharged. 

 
b) Eutrophication in Large Lakes 

 
Eutrophication is frequently a result of nutrient pollution. It generally promotes excessive plant growth and 

decay, favors certain weedy species over others, and is likely to cause severe reductions in water quality. 

Lakes and rivers becomes foul smelling and can no longer support many fishes and other animals. 

Eutrophication is a major pollution problem in lake ecosystem worldwide. The major causes of 

eutrophication are the following: 

1. Excess nutrients from the sewage plant enter water bodies. 

2. The use of detergent that contains phosphate greatly increases the quantity of phosphate entering 

the water bodies. 

3. Nitrates come from the fertilizers and automobile exhaust which enters the water body through rain 

and snow. 

c) Disposal into Rivers 
 

Rivers are subjected to natural pollution as they serve as drainage channels for large areas of the 

countryside. Rivers are capable of absorbing some pollution caused by humans, as they possess the ability 

to purify themselves through the action of living organisms. 

 
There are some natural processes, which are responsible for the rivers to self purify which include the 

following; 

 
1. Dissolved Oxygen (DO) in Water Bodies --when a pollutant is introduced into a water source, the 

DO typically decreases to a minimum level and then gradually recovers to reach back to its normal 

saturation levels. Decreased DO levels may also be indicative of too many bacteria and excess 

amount of biological oxygen demand. 

2. Reoxygenation as a result of reaeration from the atmosphere and photosynthesis of aquatic plants 

and algae are also the sources of oxygen replenishment in a river. 

3. Deoxygenation is a chemical reaction involving the removal of molecular oxygen (O2) from a 

reaction mixture or solvent, or the removal of oxygen atoms from a molecule. 

 
The oxygen in rivers depleted by the following two processes. 

1. The bacterial oxidation of organic matter. 
 

2. The oxygen demand of sludge and benthic deposits. 
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d) Disposal into Estuaries 
 

Estuary---defined as the zone in which a river meets with the sea. The analysis of estuaries in general is 

more complicated than the analysis of rivers and lakes. The ebb and flow of tides may cause significant 

lateral mixing. In any case, a physical understanding of the flow processes in an estuary is necessary. 

 
e) Disposal in ocean 

 
Ocean disposal is typically accomplished by submarine outfalls that consist of a long section of pipe to 

transport the sewage some distance from shore and in the best examples, a diffuser section to dilute the 

waste with seawater. Diffusers are one of the most efficient methods of providing initial dilution of a waste in 

a waterway. At the end of the outfall, treated or untreated wastewater is released in a simple stream or jetted 

through a manifold-port diffuser. At this point the sewage mixes with surrounding seawater 

8.4 Disposal on land 
 

a) Spraying Method 
 

This process leads to removal of waste load through filtration during percolation and removes most of the 

suspended solids. A combination of processes such as evaporation, transpiration, percolation and runoff 

contribute for the disposal of wastewater by spraying. 

b) Drip Method 
 

Drip systems utilize pressure compensated drip tubing to slowly and evenly dispense the wastewater just 

below the soil surface, but still within the root zone of the vegetation. 

c) Ponding Method 
 

This method is used where evaporation losses are much greater. This method is preferred in those areas 

where land availability is not an issue and rainfall is not widespread and heavy. 

d) Wet Land Method 
 

(i) Natural 
 

The wastewater is distributed evenly over the ground surface which acts as a low rate filter. Suspended 

particles is absorbed by the soil. Nutrients are utilized by vegetation and more complex organic materials are 

decomposed to simpler inorganic compounds by soil bacteria. 

(ii) Constructed Wetlands 
 
 

Constructed wetlands are created artificially to improve the quality of water. These wetlands utilize all the 

natural processes including wetland vegetation, soils, and associated microbes for improving water quality. 

Constructed wetlands are used to improve the quality of point and non-point sources of water pollutants and 

are also used to treat petroleum refinery waste, compost and landfill leachates, fishpond discharges and 

pre- treated industrial wastewater. 
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MODULE 9 
GUIDELINES FOR SITE SELECTION AND PLANNING FOR WASTEWATER 

TREATMENT SYSTEMS 
 

9.1 Principles for project design and site selection 
 

In view of the environmental and health impacts involved, the selection of site and design of the project for 

establishing a wastewater treatment plant should adhere to the applicable national and local rules and 

regulations. The protection of river and underground water resources also should be an important 

consideration. It should also be: 

 
1. In accordance with the master plan of the city; 

 
 

2. At the downstream place for the urban water supply 
 
 

3. At the leeward side of the leading wind in the city area 
 
 

4. At the downstream of the urban drainage network, where it is easier to collect the sewage, to 

facilitate the installation of pipelines in terms of length and depth, and to make use of existing trunk 

sewer pipelines so as to minimize spending  on pipelines. 

 
5. Where treated water can be discharged naturally. 

 
 

6. Where the existing trunk sewer pipelines can be reused. 
 
 

7. Where sufficient space is available for future extensions but less or no farmland will be affected. 
 
 

8. Where there is good water and power supply. 
 
 

9. Where there is easy access for operation management 
 
 

10. Where the ground is level with good geological conditions for civil works. 
 
 

11. In compliance with the rules and regulations on flood control and conservation of water and soi,l 

and 

 
12. At a protective distance from villages and residential area to avoid and minimize inconveniences to 

the public. 

 
9.2 Site survey and investigation 

 
Site surveys and investigations are indispensable components of and an essential activity in good 

engineering practice. In wastewater treatment engineering, for example, the site surveys can lead to revised 

and more rational location of the various unit processes and also better estimation and perception of the 

available land space and the proposed plant size, type and configuration. During the site surveys and 

investigations, vital planning information is obtained and important design data generated. Site investigation 

is for the identification and delineation of pertinent topographic features, elevations, property lines, buildings, 

existing water bodies and hydraulic boundaries, etc. All these physical features of site should preferably be 

shown on the topographical map drawn to a suitable scale. Drawings of special features of the site should 

also be prepared to supplement and highlight important aspects of the project maps. Figure 24 presents the 

stages of the site survey and investigation. 
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Fig 24: Stage of implementation of Site Survey 
 
 

Initial Site Survey 
  

Nominate Study Team 
 
 

Alternate Sites Process option Baseline Data Identify affected interests 
 

 
 
 

 Determine: 
Options for detailed study 

Community criteria 
Relevant technical parameters 

Detailed study programme 

 

  

 Intermediate Report  
  
 Data collection  

  

 Analysis  

  

 Site Report  
  

Planning, Design, Construction and Operation 
 
 

One must consult and carefully examine the available national and state regulations, by-laws, standards 

etc., concerning land use, water resources and supply and quality, wastewater disposal, water pollution and 

town planning regulations. Special local considerations may need to be incorporated in design of 

wastewater treatment facilities if necessary. The site should be inspected by an experienced designer to 

delineate soil and water qualities and identify areas to determine and confirm topographic data details and to 

note any restrictions on the ground surface. 

 
The site investigation report requires careful documentation, as it is a vital reference document for project. It 

can provide the essential data for some other activities like plant design and construction, etc., of the 

wastewater treatment project. 

9.3 Site Selection 
 

Site selection is an essential part of erection of treatment systems. Various factors should be considered 

while selecting a site for treatment plant. Once proper site is selected by surveying different sites, system 

can be planned, designed and implemented well. 
 

The need for provision of municipal wastewater treatment plants is generally motivated by socio-economic 

factors. These factors are driven by population rise, increased industrial and commercial activities and 
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enhanced levels of public awareness pertaining to human health. These factors in addition to other techno- 

economic and natural resource factors generally affect the selection of sites for wastewater treatment plant. 
 
 

Site for a sewage treatment plant is primarily determined by the availability and proximity of an ecologically 

suitable recipient medium for treated effluents. The other factors are: 

    Proximity of location of contributing population; 

    Away from sensitive residential areas; 

    Availability of electricity and access to roads; 

    Availability of space for future expansion; 

    Absence of flooding; 

    Close to water body for final disposal. 

We should use these factors to checklist in the whole process and the data collection requirement should be 

driven by these considerations. 

9.4 Planning for Wastewater Treatment Processes 
 

The working and concept of various treatment process (or process chain) that are used in configuration of 

municipal wastewater disposal systems are already discussed. These treatment units when combined in a 

sequence which may be physical, chemical and / or biological provide the treatment of the wastewater 

constituents with a view to meet the standards stipulated for the discharge in various media. These media, 

as we discussed earlier, could be land, sewer, marine water and surface water bodies. The major 

constituents considered important in sewage are BOD, Suspended solids (SS) and bacterial counts. 
 
 

The major objective of wastewater treatment is to prevent water pollution with consequent environmental 

damage and health hazards or risks. This objective is achieved by regulating the flow and concentration of 

such pollutants as BOD, SS, nitrates, phosphate, heavy metals, etc in the wastewater. 
 
 

Primary sedimentation (treatment) is capable of removing 35-50% of BOD, 40-60% of suspended solids 

from normal domestic sewage having BOD of 240 mg/L and SS of 300 mg/ L. The corresponding removal 

values by the secondary (biological) treatment only are 40-50% BOD and 40-50% SS, while the advanced or 

tertiary treatment only removes less than 10% of BOD and SS. Based on the relative removal efficiencies of 

the major treatment components of conventional sewage treatment plant, sequential upgrading of 

wastewater treatment plants can be carried out. 
 
 

The eight most commonly used biological treatment processes are: 

1. Trickling or percolating filter. 

2. Conventional activated sludge (high rate); 

3. Step aeration activated sludge 

4. Extended aeration / oxidation ditch 

5. Rotating biological contactor 

6. Facultative lagoon 

7. Aerated lagoon 

8. Marine outfall 
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Fig 25: Conventional Wastewater Treatment Methodology 
 
 

 
 

While selecting appropriate sewage treatment process and operations we have to consider important factors 

such as locally available operational and maintenance skills, ease of technology development and 

appropriate effluent discharge standards set by local and national authorities. The plants are expensive to 

construct and, therefore, efficient operation and maintenance are key to effective wastewater treatment. 
 
 

One of the major considerations for selecting and implementing various sequence of treatment is also cost 

and land area requirement of the whole treatment plant besides the requirement of meeting the wastewater 

discharge standards. It has been observed that in many cities, particularly those with high population 

density, if land is not available, provision for land for the treatment plant is not included in the development 

plan of the city. In such a situation, the technology option in terms of unit selection for carrying out the same 

job (for example for biological treatment, the list discussed above) could be on the basis of the minimum 

land needed by a particular unit. On the other hand, when the land issue is not a problem, the cost of the 

treatment option will be driving factor in deciding the types of units selected. 
 
 

As far as possible sewage treatment plant should be located in such a manner that it should get advantage 

of gravitational flow. The plants should be always well fenced and adjoining areas around pumping stations 

should be planted with trees and small flowering plants to improve the aesthetics. This area can even be 

developed as a park, which could be used for recreational purposes. This will make the sewage treatment 

plant attractive and help to reduce any public resentment against setting up of the plant. 
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MODULE 10 

POLICIES AND REGULATIONS 

10.1 Overview of Greywater Policies, Regulations and Laws around the World 
 

Studying the international scenario, one could see that there are rules and regulations governing disposal of 

sewage. However, separation of grey water from the total wastewater stream and its reuse are yet to gain 

policy level attention. This module about the grey water regulations aims at throwing light into the policies 

and regulations on grey water reuse. Understanding the practices elsewhere will facilitate formulation of 

local plans for grey water reuse. 
 
 

Analysing the global scenario of grey water reuse, we could see diversity in the approaches to and 

stringency of greywater regulations, from being legal with few restrictions, to being prohibited in all 

circumstances (Prathapar et al.,CSBE 2003). Also there are places without clear policies on greywater, 

where its use may instead be indirectly regulated by building, plumbing, or health codes written without 

consideration of greywater reuse. For example, a country may have wastewater regulations that do not 

distinguish between black and greywater, e.g. Oman, Jordan (Maimon et al. 2010), or have a plumbing code 

that prohibits discharge of non-potable water through outlets such as faucets, such as in Canada‘s National 

Plumbing Code (CMHC 1998). 

 
Greywater reuse is illegal in some Middle Eastern countries, and regarding greywater regulation in Oman, 

Prathapar et al. (2005) note, ―At present, Omani wastewater reuse standards do not distinguish between 

greywater and blackwater and require that greywater be treated to the standards of potable water. However, 

there are many households and mosques in Oman (and many parts of the world)  that  use  untreated 

greywater for home irrigation. In principle such uses are illegal, but the bottom line is that unrealistic laws 

have poor participation rates.‖ Nevertheless, greywater use is growing, even in regions with laws restricting 

greywater use and those with no explicit policies regarding greywater. For example, Sheikh estimates that 

only about 0.01% of greywater systems in California are permitted (2010). It has also been documented that 

greywater reuse occurs in households in the Middle East regardless of its  legality  (McIlwaine  2010). 

Similarly, recognizing that using wastewater for irrigation is a reality in many middle and  low-income 

countries, the World Health Organization has established guidelines to help ensure the safety of wastewater 

reuse, including greywater reuse, for irrigation. 
 

Further, in his work on greywater use in the Middle East, McIlwaine notes that no country in the Middle East 

and North African region has ―developed a clear approach to its use that clearly states the responsibilities of 

the users and the regulatory requirements‖ (McIlwaine 2010). Jordan passed a standard in 2006 regarding 

greywater reuse in rural areas, however the code does not fully clarify what households must do to be 

permitted to reuse greywater (McIlwaine 2010). Israel is expected to soon pass a law that would legalize 

greywater reuse from showers, bathroom sinks, and washing machines outdoors for landscaping and 

indoors for toilet flushing (Global Water Intelligence 2010). 
 
 

Australia is often considered to be a leader with respect to greywater policies. Specific regulations and 

requirements vary by state. For example in New South Wales, untreated greywater can be used for 

subsurface irrigation (NSW Office of Water 2010), while in Tasmania, all greywater must be treated before 

reuse (Tasmanian Environment Centre Inc. 2009). At the national level, Australia has developed guidelines 
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for greywater reuse, ―Australian Guidelines for Water Recycling: Managing Health and Environmental 

Risks,” and reuse is encouraged through a program that offers $500 rebate for the installation of a greywater 

system (Australian Government). Several other countries also have incentive programs for installation of 

greywater systems, including Korea and Cyprus (CWWA 2002, CSBE 2003). In Tokyo, Japan, not only are 

there incentives for installing greywater systems, but they are mandatory for buildings with an area of over 

30,000 square meters, or with a potential to reuse 100 cubic meters per day (CSBE 2003). Several 

municipalities of Spain, including Sant Cugat del Vallès near Barcelona and several other municipalities in 

Catalonia, have passed regulations to promote greywater reuse in multistory buildings (Domenech and Sauri 

2010). 

The European Council Directive 91/271/EEC states that ―treated wastewater shall be reused whenever 

appropriate,‖ However, how to determine if it is appropriate is left ambiguous (Somogyi et al. 2009). 

Greywater standards are currently under development through the European and International Standards 

Committees (Anglian Water). Germany has been a leader in Europe in the use of greywater (Nolde, 

Regulatory Framework and Standards). Domestic greywater reuse systems are legal in Germany, but must 

be registered with the Health Office (Nolde 2005). The United Kingdom has conducted research into 

greywater reuse, particularly for toilet reuse, noting a number of problems with maintenance, reliability and 

costs of these more complex systems (CSBE 2003), and greywater systems are not in wide usage (UK 

Environment Agency 2008). However, it is legal, provided that it complies with certain building codes and the 

British Standards Greywater Systems Code of Practice. Sweden and Norway have also done research into 

greywater and have implemented systems in some student dormitories and apartment buildings (Jenssen 

2008). With regard to greywater policy in North America, a 2002 report by the Canadian Water Works 

Association concluded: ―traditional regulatory practices prohibiting rainwater harvesting or greywater reuse 

as substitutes for potable water supply are changing…However, there is a marked reluctance on the part of 

most jurisdictions in North America to consider these options (CWWA 2002).‖ 
 

The United States does not have a National Greywater Policy, leaving regulation of greywater to the states. 

About 30 of the 50 states have greywater regulations of some kind (Sheikh 2010). These regulations vary 

widely. North Carolina has stringent greywater regulations and only allows reuse of water if it is treated to 

the same standards that are required for treating sewage water (Sheikh 2010). The state of Arizona has a 

more flexible greywater policy than many states, and is often seen as a leader in terms of promotion of 

greywater reuse in the United States. 
 
 

10.2 Existing Infrastructure 
 

Reuse of greywater requires separating greywater from sewage water, which is  not  standard  plumbing 

practice in many countries, and therefore requires plumbing  retrofits.  The  difficulty  and  expense  of  this 

retrofit varies widely, depending on the building and  complexity  of  the  system  (e.g.,  how  many  collection 

points the system will  have). For example,  in  Jordan  most houses  are  constructed  of  reinforced  concrete 

with pipes cast into floor slabs, making greywater plumbing retrofits difficult and expensive (CSBE 2003). On 

a larger scale, widespread diversion of greywater could potentially be disruptive to wastewater collection and 

treatment, as a lower volume of wastewater would be diverted for treatment, and it would contain a higher 

concentration of contaminants and solids. In pipes with low slopes, this could potentially lead to insufficient 

flows in sewers to carry waste to the treatment plant (CSBE 2003). Sheikh notes that ―as greywater reuse 

becomes more widespread, it may interfere enough with the operation of  sewers  and  water  reclamation 

facilities  to  engender  legal  or  legislative  action‖  (Sheikh  2010).  On  the  other  hand,  some  conventional 
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sewers, particularly those that combine storm runoff and municipal sewage, are prone to overflowing. In 

these cases, greywater reuse can reduce the risk of sewage overflows (Bertrand et al. 2008). Because of 

these conflicts with existing infrastructure, large scale (i.e., community-wide) greywater reuse may be most 

feasible for areas without extensive existing water and wastewater infrastructure. While it does not 

specifically address sanitation, and thus would always need to be implemented in conjunction with sanitation 

systems, it can reduce loads on septic systems and other decentralized sewage treatment techniques. 

10.3. Planning and Plumbing Codes 
 

In addition, greater use of  greywater can conflict with established planning and plumbing codes. For 

instance, the International Association of Plumbing and Mechanical Officials (IAPMO) is an industry group 

that creates uniform code that plumbers and planners refer to around the world. The most recent 2006 

Uniform Code Manual has a section on greywater (Chapter 16, Part 1). The chapter states clearly that a 

permit is necessary for any greywater system to be installed and it only describes greywater systems that 

collect and store greywater for outdoor, subsurface irrigation. It does not address diversion systems, a more 

common and less costly option. In the American Southwest, states and municipalities are increasingly 

amending their codes to allow small greywater systems (including diversion systems) to be installed without 

a permit (e.g., Arizona‘s greywater code and California‘s new greywater code). On the other hand, some 

new green building standards provide incentives for greywater reuse. 
 
 

The LEED (Leadership in Energy and Environment Design) Green Building Rating System was devised as a 

voluntary standard for developing high-performance, sustainable buildings. LEED was initially created by the 

U.S. Green Building Council to establish a common measurement to define ―green building.‖ Since its 

inception in 1998, LEED has grown to encompass more than 14,000 projects in the United States and 30 

other countries. On average, a LEED certified building uses 30% less water than a conventional building. 

Projects receive points for each ―green‖ practice that they implement. In LEED 2009, there are 100 possible 

base points. Buildings can qualify for four levels of certification: LEED Certified -40 - 49 points; Silver - 50 - 

59 points; Gold - 60 - 79 points; and Platinum - 80 points and above. 

Greywater reuse can earn a significant number of LEED points across several categories: Water Use 

Reduction: 20% Reduction – 1 point. 

o 20% reduction in water use for building using alternative on-site sources of water such as rainwater, 

stormwater, and greywater 

• Water Efficient Landscaping, No Potable Water Use or No Irrigation - 2 points 

o Use only captured rainwater, recycled wastewater, or recycled greywater for site irrigation. 

• Innovative Wastewater Technologies – 2 points 

o Reduce generation of wastewater and potable water demand, while increasing the local aquifer recharge – 

use captured rainwater or recycled greywater to flush toilets and urinals or treat 50% of wastewater on-site 

to tertiary standards. 

• Water Use Reduction, 30% - 40% reduction – 2-4 points 
 

 
O Maximize water efficiency within building to reduce the burden on municipal water supply and wastewater 

systems. Use alternative on-site sources of water such as rainwater, storm water, and greywater for non- 

potable applications such as toilet flushing and urinal flushing. 

MoUD-GoI CED 65  



 

 
 

CoE on Solid Waste & Waste Water Management Course material on WWM 

MODULE 11 

STRATEGY AND FRAMEWORK FOR GREYWATER REUSE 
 
 

11.1 Need for strategy and framework 
 

The two contemporary urban issues, viz., scarcity of freshwater availability and the increase in urban 

wastewater generation emphasize the need for grey water recycle and reuse. As already elaborated, 

greywater is a potential substitute for freshwater for a variety of uses, both domestic and industrial. Once the 

wasted greywater is captured and reused, the demand for fresh water will substantially decrease. Also the 

effort and money spent on waste water management could be considerably reduced. The other benefits of 

greywater reuse have also been discussed in the previous modules. It is a positive factor that with every 

increase in the use of water, the volume of greywater also will increase and the greywater is a nascent low 

cost substitute for domestic, commercial and industrial uses. 
 

 
Fast growing urban population, changing housing patterns, inadequacy of freshwater sources against the 

ever growing demand, unscientific wastewater disposal practices, lack of public awareness, etc., exert 

pressures on the water supply and sanitation system. However, wastewater treatment and reuse has not 

become vogue in India as in the case of majority of countries in the world. Recently in India, some efforts in 

this line have been initiated for wastewater recycle and reuse to address the water scarcity. The recycled 

wastewater is being utilized in many industries and other organizations for uses other than  potable 

purposes. It is high time especially for the major cities in India to implement proper wastewater 

management. Wastewater management strategy should essentially focus on greywater reuse in view of its 

latent capability to reduce the volume of wastewater to be treated with expensive treatment methods. 

Greywater reuse is nothing but water conservation and is capable of reducing the impact of development of 

new water sources. 
 

 
In order to effectuate water conservation through reuse, a strategic implementation plan has to be 

developed. Since waste water reuse demands change of mindset and change of behavioural patterns in 

water use, the initiative should pervade through all sections of the urban population and should stabilize 

through stages of evolution. The approach for greywater reuse should premise on the following basic 

principles: 

    Acceptable levels of treatment. 

    Requiring low capital investment. 

    Requiring minimum operation and maintenance and low 

costs.     Requiring less-skilled operator knowledge. 

    Potential of having longer life-cycles. 
 

The ultimate goals of wastewater recycle/ reuse will be: 

i. The quantum of wastewater subjected to expensive treatment methods is reduced thereby 

reducing the pressure on sewage disposal. 

ii. The wastewater treated and reused can supplement the water consumption and preserve 

water for future. 

iii. Reduce the overall user-demand for fresh water resources 
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iv. Facilitate the recovery of nutrient and water resources for reuse in agricultural production, 

irrigation of municipal greenbelts/parks and maintenance of other landscape amenities, and 

v. To reduce the pathogenic risk inherent to wastewater pollution. 
 
 

In order to achieve this goal, a strategy and framework has to be developed for greywater reuse. The main 

aspect of the strategy will be a synchronized regulatory framework for greywater reuse and a collectively 

agreed approach for  implementation. The stakeholders must have clarity on how the system can be 

implemented and what are the legal obligations and policy matters. The approach on greywater reuse 

through decentralized method should take care of the institutional barriers, financial constraints, 

technological limitations and public opposition. Due importance should be given to creating adequate 

institutional setting, establishing effective regulatory mechanism and ensuring sound community 

participation. 

11.2. Concept and Strategy 
 

The urban greywater management broadly involves three main aspects, (i) action at source level (generator 

level actions) for separating the grey water from black water (ii) applying the appropriate technological 

option/s for converting the grey water to reusable water, and (iii) the ULB initiatives to promote grey water 

reuse by awareness creation, setting regulatory framework and infrastructure development. In the urban 

scenario greywater is usually generated from the following sources: 

 
    Domestic sources (Villas, apartments and hostels) 

    Commercial establishments (Hotels, restaurants, shops, market stalls) 

    Offices, Educational Institutions 

    Service facilities (Hospitals, town halls, marriage halls) 

    Industries (excluding industrial effluents, which is treated separately) 
 

A huge quantity of grey water is generated daily from these sources out of which a major portion could be 

reused for different purposes without treatment or with simple treatments. An archetypal sequential action 

for implementing a greywater reuse system in any urban body is given below. 

i. Collecting the baseline Information: Information required for preparing a proper plan such as area, 

population, number of households, number of divisions (wards) of the ULB, number of zones/circles 

etc 

ii. Collecting information relating to grey water: The activities involved are (i) identification of different 

types of grey water generating sources (ii) quantification survey to assess waste water generation 

at various sources and various locations/zones (iii) location mapping of waste generation sources 

and potential reuse areas and (iv) physico-chemical analysis of grey water generated. 

iii. Understanding the present scenario: This includes understanding the present actual reuse, the 

estimation of reuse potential, understanding the community perception about greywater reuse, 

availability and adequacy of facilities and staff and the present grey water disposal practices. 

iv. Understanding the key issues: The issues generally observed in the context of grey water reuse 

are absence of separation from black water, separate plumbing for grey water, decentralized and 

centralized grey water reuse facilities and community/NGO/CBO partnership. The other issues are 

manpower inadequacy, weak institutional set-up, absence of financial planning, environmental and 

health issues, lack of awareness on the necessity of scientific grey water management including 
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reuse, poor civic sense of the people, weak political will, inefficiency and lack of motivation of staff, 

absence of law and law enforcing mechanisms including national, state and ULB level policies etc. 

v. A feasible management system which identifies and explains the sources that generate grey water, 

the internal and external plumbing requirements, treatment systems and the reuse or disposal 

mechanism. (see Fig 26) 

vi. Evolving proper strategies for grey water reuse/management 

vii. Preparation of plan and cost estimates for additional infrastructure for grey water reuse. This can 

include treatment facilities, site profile and design approach, layout plan of proposed greywater 

treatment and reuse/disposal facility (including bulk supply of grey water for commercial/industrial 

uses etc) 

viii. Capacity building and implementation of plan 

ix. Operation and maintenance 

x. Monitoring 
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Fig 26: Greywater Reuse Framework 
 

Domestic sources Commercial 
establishments 

Institutions (educational 
institutions, Offices, etc 

Service Facilities 
(Hospitals, Town halls, 
marriage halls etc) 

Industries (excluding 

industrial effluents) 

 
 
 
 
 
 

Local Reuse Local reuse Centralized Reuse 
 

Garden irrigation 

Car wash 

Toilet flushing 

Floor cleaning 

Avenue/pavement 

cleaning 

Irrigating local parks/ 

plantations/gardens 

Industrial cooling plants 

 
 
 
 

Centralized reuse 
 
 
 
 
 

Disposal to storm 
water drainage 

Irrigation of parks/ golf 
course/traffic island 

gardens 
Cleaning of streets and 

pavements 
Commercial Bulk Use at 

construction sites 
Hospital/hostel toilet 

flushing 
 

Disposal of Unused Grey 
water 

Drain to storm water 
drainage, streams, 

rivers etc 
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11.3. Strategies for Greywater Reuse 
 
 

 
Component 

 
Strategy 

 
Target 

 
Responsibility 

 
Separating grey 
water from black 

water 

 
Separate plumbing to 
lead black water and 
grey water to different 

and distinct 
destinations 

 
 
 
 
 
 
 
 
 

Cover all premises through 
awareness creation, 

motivation and subsequent 
enforcement wherever 

necessary. 

 
Those who 
generate 

wastewater- 
individually by villas 
and collectively by 

apartments. 

Motivation for existing 
generators 

Continued and 
organized 

motivation by ULB 
directly or through 

NGOs 

Motivation and 
legislation for new 

generators 

Legislation and 
enforcement by 

ULB 
 

Incentives to adopt 
grey water reuse 

 
Existing building owners and 

new builders 

 
ULB can provide 

incentives 
 

Initial Reuse 
 

Initial Reuse without 
treatment - Adopt 

simple techniques like 
bucketing and gravity 
flow. Start with best 

quality grey water like 
rinse water from 

washing machine, 
bathroom water for car 
wash, garden irrigation 

etc. 

 
Find out all possible reuse 
options in and around the 

premises 

 
Those who 
generate 

wastewater 

 
Initial Reuse with 

treatment- 
Identification and 
application of the 

appropriate technology 

 
Find out all possible reuse 
options in the locality and 
establish reuse system 

 
Residents‘ 

Associations (RAs) 

 
Technical support 

 
Provide technical 

support to individual 
household level 

generators and bulk 
generators 

 
Make available a package of 
treatment options suited for 

standard situations. 

Make available a technical 
team to provide field level 

support. 

Establish a call centre to 
ensure continued support. 

 
ULB-directly or 

through competent 
agencies 

 
Treatment 
technology 

 
Determined by the 

quantity and quality of 

 
Implementation of the 

treatment plan with design and 
Generators/ULB. 

ULB should place 
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selection grey water, end use 
and preferences of 

users 

cost estimates. prime importance 

for the selection and 

implementation of 

best available 

technology 

 
Laying of pipeline 
network to central 
treatment system 

If full local utilization is 

not possible, grey 

water from all 

economically viable 

sources will be 

connected to central 

system. 

 
Establish network from 

sources to the central system 

 
ULB-Directly or 

through competent 
agencies 

All major grey water 

generating areas will 

be connected to the 

central system 
 

Grey water 
treatment 

Local decentralized 

treatment plants at 

local/zonal level 

 
Establishment of as many 

decentralized treatment plants 
as there are bulk generators 

 
Bulk Generators 

Centralized treatment 

plants on need basis 

(for an area or for very 

large generators.) 

 
Establishment of centralized 

treatment plant/s at ULB/ 
zone/ area level. 

 
ULB 

Excess grey water 

after local reuse to the 

centralized treatment 

plants. 
 

Advanced treatment if 
contamination level is 

high 

 
Establish appropriate 

treatment plant 

 
Generator/ULB 

 
Simple treatment when 
contamination level is 

low. 

 
Establish appropriate 

treatment facilities 

 
Generator 

 
Disposal of treated 

water 

 
Reuse good quality 
greywater without 

treatment to the extent 
possible. 

 
Identify and establish reuse 

opportunities. 

 
Generator/ULB 

Reuse of treated grey 

water based on reuse 

plan 

 
Based on reuse plan in the 

following order of preference: 

(i)   premises of the generator 

 
Generator/ULB 
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  (ii) nearby locality 

(iii) Any other place 
(considering the cost and 
technical issues.) 

 

Disposal of excess 

treated water 
 

After availing all reuse 
opportunities adopt one or 

more of the following disposal 
options: 

    To a soak pit for 
ground water 
recharge 

    To  water bodies/ 
wetlands (swamp) 
ensuring PCB norms 

 
Generator/ULB 

 
 
 

PCB (quality 
checking) 

 
Disposal of 

untreated grey 
water 

Drain out to ground 

water recharge (GWR) 

structures/water 

bodies/ 

wetlands(swamp) 

when the water is of 

good quality which 

satisfy PCB norms 

 
Construct soak pit. 

Construct GWR structures 

Provide conveyance to water 
body. 

 
Generator/ULB 

 
 
 

PCB (quality 
checking) 

 
 
 
 

Drain out to local 

septic tank intended 

for sewage treatment 

or to sewerage 

system. 

 
Provide suitable conveying 

system 

 
Generator/ULB 

 
Establish septic tanks, if not 

available 

 
Generator/ULB 

 
Create new sewerage system 

if not available or increase 
capacity of existing system, if 

needed. 

 
ULB 

 
Disposal of grey 

water from distant/ 
non-economical 

sources 

Delink from 

decentralized/ 

centralized systems 

 
To be locally treated and 

reused/ appropriately disposed 
off. 

 
Generator 

 
Safety mechanism Facilitate easy 

distinguishing 

mechanism for pipes 

and fittings 

 
Provide different colour pipes 

and fittings for fresh water, 
grey water, treated grey water 

and black water. 

 
Govt/ULB to specify 

standard colours 

Facilitate easy repair 

and maintenance 
 

Pipes and fittings should be 
installed enabling easy repair 

and maintenance 

 
Govt can notify a 
plumbing code or 

manual 

Safe custody of related 

documents (plan, 
 

Assign responsibility of 
custodianship of water and 

 
Govt/ULB to assign 
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 layout etc) waste water related 
documents, especially for 

large wastewater generators 

responsibility. 

The assigned 
person to keep the 

documents 
 

Implementation 
and O&M 

Draw up a 

comprehensive plan 

for the ULB 

 
Implement the plan Generator ULB-

Directly or 
through competent 

agencies 
 

Central grey water 
distribution system 

 
Distribution/supply of 
the treated grey water 
to the potential users. 

 
Direct pipe line to major 

permanent users (like parks, 
bus depots, railway yards, 

industrial units, fire stations, 
turfs etc) 

 
 
 

Tanker supply to temporary 
and small scale requirements) 

 
ULB-Directly or 

through competent 
agencies 

 
Documentation 

 
Mapping of technical 

interventions 

Data collection and 
record keeping of 

activities 

Technical interventions like 
plumbing modifications, 
installation of new fixtures, 
establishment of treatment 
system etc should be 
documented by the parties 
responsible for future 
maintenance. Data collection 
and analysis should be 
continuous to facilitate future 
improvement. Data on the 
following are required: 

 
1) Quantity of wastewater 

generated 
 

2) Quality of wastewater 
generated 

 
3) Cost of treatment 

 
4) Cost involved in 

institutional setup 
 

5) Quality   and   quantity   of 
treated water 

 
6) Types of end uses 

 
Those who are 
responsible for 

O&M of the 
treatment and reuse 

system. 
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11.4 mework for grey water reuse 
 

 
Component 

 
Technical/ 

technological 
aspects 

 
Institutional/ 

Responsibility 
aspects 

 
Financial aspects 

 
Legal/Policy aspects 

 
ULB 

 
Wastewater 
generators 

 
Source 

separation 

 
Internal 

Plumbing 

 
Generator 

 
Cost to be borne by 

the generator 

ULB can fully or partly 
subsidize  as 

incentive 

 
Legislation 

 
Adherence 

to rules 

 
External 
plumbing 

 
Generator/Apartment 

owner/RA 

 
Do 

 
do 

 
do 

 
Initial reuse 

 
Establishment 
of pipeline to 

the use points; 
temporary 
storage (if 
needed) 

 
Generator/Apartment 

owner/RA 

 
Do 

 
do 

 
do 

 
Treatment 
technology 
selection 

Determined by 
the quantity and 
quality of grey 
water, end use 

and 
preferences of 

users. 

 
The wastewater 
generator has to 
select the service 

provider by in-house 
method or by 
outsourcing a 

competent agency. 
 
 

The ULBs can 
support the 
wastewater 

generators by 
identifying the 

capable wastewater 
treatment service 

providers/ agencies 
and fixing the rates for 
the treatment systems 

and operations. 

 
The funds have to be 

borne by the 
wastewater generators. 

 
 

The ULBs can 
subsidize the cost in 
order to encourage 
wastewater reuse. 

Since there 
is no legal 
provision 
for grey 
water 

treatment 
and reuse 
the ULBs 

may 
formulate a 
bye law for 
regulating 

the 
wastewater 

reuse 

The 
wastewater 
generators 
can form an 
association/ 
society and 
develop a 
byelaw for 
wastewater 

reuse 

 
Treatment 

 
Establishment 
of treatment 

facility 

 
Generator/Apartment 

owner/RA 

 
Generator/Apartment 

owner/RA/ULB 

 
Providing 
technical 

and 
institutional 

support 

 
Adherence 

to rules 

 
Reuse after 
treatment 

 
Establishment 
of pipeline to 

the use 
points/disposal 

points 

 
Generator/Apartment 

owner/RA/ULB 

 
Generator/Apartment 

owner/RA/ULB 

 
Do 

 
do 
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Reuse 
method 

The selected 
reuse point has 
to be identified. 

Establish 
supply lines to 

the reuse 
points. 

Provide 
coloured water 

line for 
greywater to 

avoid 
accidental 
interlinking 

The wastewater 
generators or ULB as 
the case may be has 

to identify and monitor 
continuously and 

make arrangements if 
any problem arises 

The ULBs has to 
inspect the system 

periodically. 

Capital expenditure to 
be met by ULB and 

operational cost to be 
met by users. 

Since there 
is no legal 
provision 
for grey 
water 

treatment 
and reuse 
the ULB 
should 
issue 

guidelines 

Vigilance in 
reuse 

operations 

 
11.5 Roles and Responsibilities 

Though  many  of  the  roles  and  responsibilities  are  already  mentioned,  the  following  specific 

responsibilities are also important for grey water treatment and reuse. 

(1) Role of ULB 
 

i. Procuring tankers for supply of grey water for temporary and short distance uses. The ULB can 

fix the plying schedule of vehicles. The distribution of treated grey water, maintenance of 

vehicles, collection of user fee (if levied) etc could be entrusted to outside agencies, if found 

necessary. 

ii. Prescribe user fee for supply of grey water (initially this may be free but later when reuse 

becomes the common practice user fee can be levied) 

iii. Maintenance of treatment systems owned by the ULB 

iv. Monitoring of quality of grey water treated (whether reused or let out to water bodies) 

v. Monitoring of overall activities 

vi. Deployment of manpower 

vii. Timely intervention at the time of emergency situations 
 

 
(2) Role of NGOs/Residents’ Associations 

 
NGOs and Residents‘ Associations can play a vital role in grey water reuse. Some areas where they can 

effectively work are indicated below: 

    Organizing neighbourhood groups (NHGs) and imparting motivational training for maintaining best 

practices 

    Propagating the reuse concept 

    Attempting local reuse initiatives 

    Organizing training and equipping the local community for separating grey water from black water 

and reuse of grey water. 

    Generating demand for grey water 

    Transportation/sale of grey water for short term uses 

    Collection of user fee (if applicable) 

    Operation and maintenance of local treatment systems 

    Discouraging use of highly polluting/ water contaminating items 

Organizing awareness creation/training programmes 
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    Establishing   community  vigilance  system  to  ensure,  sustain   and  improve   the   greywater 

management system. 

(3) Role of Technical Resource Agency 

Wastewater Management involves many complex technical / technological components. The ULB 

themselves may not be in a position to handle these components by themselves for which they may 

seek support from some Technical Resource Agency competent in the WWM area. 

The National or State level Accredited Agencies in WWM sector / technical institutions like 

engineering colleges, NIT,  IITs and other R&D institutions etc working in the WW sector can be 

identified for this purpose. The Centres of Excellence of Ministry of Urban Devel opment, Government 

of India like Centre for Environment and Development will be able to provide handholding support to 

ULBs. 

11.6 Transportation 
 

The central treatment system will have a facility for transportation of treated grey water to sites of temporary 

uses like construction sites (for concrete mixing-if technically allowed, curing, cleaning of machinery and 

utensils), dust control at streets, festival grounds, work sites, markets etc. Apart from the central treatment 

facility, major grey water generators also can be potential suppliers of grey water in tankers. 

 
11.7 Man Power Requirement 

 
 Plumbers - to be mobilized by NGOs/RAs etc 

 Workers in treatment plants: Central treatment plant/s –to be mobilized by the ULB 

 Workers in local treatment plants: Local treatment plant/s in apartments etc–to be mobilized by the 

generator institution 

 Transportation vehicle drivers: to be mobilized by the ULB (or external agency, if transportation is 

entrusted to them) 

 Supervisory and administrative staff of the ULB. 

 Engineering staff. 
 

11.8 Infrastructure requirements 
 

    Internal and external plumbing 

    Pipeline leading to Treatment System 

    Tankers 

    Local and Central Treatment Systems 

    Distribution lines to permanent users. 

11.9 Site Profile of Treatment Plants 

    Identify the most suitable site (initial consultation with community will avoid future resistance). 

    As far as possible avoid sites which is surrounded by residential settlements. 

    Consider future requirements while finalizing the site. 

    Site should be as close to the source as  possible– in order to avoid the transportation cost 
 

11.10 IEC 

The activities involved in grey water reuse demand volunteerism and public participation for its success. It is 

the public attitude and behaviour that are going to make the difference. A paradigm shift in the mindset of 

the civilian community and polity are essential to achieve public acceptance for grey water reuse. This could 
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be achieved only through well conceived IEC Plan. Hence the IEC Plan on grey water reuse should focus on 

the following. 

    Creating behavioural change and mindset favouring grey water reuse. This will include (i) change in 

water use pattern (ii) separating grey water from black water at source (iii) imbibing the civic 

responsibility of keeping the premises clean (iv) willingness to accept the civic responsibilities of 

citizens, and (v) willingness to part with the ad hoc approach of unscientific wastewater disposal 

    Awareness creation on the dangers of unscientific wastewater management. E.g., (i) health 

hazards (ii) aesthetic damage (iii) environmental degradation 

    Awareness creation on the various technical and technological options for grey water treatment and 

reuse 

    Converting waste water, especially grey water, as a resource 

    Scientific reuse/disposal of grey water at the nearest point of source. E.g., using grey water for 

toilet flushing, garden irrigation, vehicle washing etc. 

    People‘s participation and cooperation at all stages 

    Community adherence to rules, orders and directives. 
 

11.11 Changes required in the Institutional set Up 
 

A toning up of the current institutional setup may be needed for achieving the desired outputs under 

wastewater management. Dealt below are a few recommended actions: 

a) Capacity building initiatives to increase people‘s awareness on the importance of protecting our 

water resources. 

b) General efficiency of state water boards to be increased to cater to people‘s needs and to cope 

with growing demand for high quality water. Leaders in the field of water related organizations 

should be made to co-operate in such endeavors. 

c) Increased budget allocations should be given for tackling of environmental issues, increased 

allocations for waste water treatment in order to improve the quality of rivers. 

d) Maintenance costs of the new water treatment plants to be covered by changing the pricing for 

water supply and increasing the sewerage cess. 

e) Equal importance to be given to solid and liquid waste management to prevent illegal dumping of 

solid water into the city‘s drains and rivers 

f) Bringing into practice strict rules and high penalties for dumping of untreated industrial wastes 

g) A dire need for change in the behavior of organizations, stakeholders is required to adapt to the 

changing rules and regulations to be brought into this changing institutional set up. 
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