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SUMMARY

Management of waste in an environmentally sustainable manner is a challenging task. 
It involves reusing and recycling of all types of waste ranging from domestic waste to 
industrial waste. Technologies have to be developed for tackling Waste Management and 
promoting its reuse, recycling and waste to energy operation. Rapid economic growth is 
leading to urbanization and industrialization generating waste which is adversely affecting 
the environment. Moreover, waste management is an important issue to make the city 
clean and green. We know that for the cities like Muzaffarnagar there is no perfect waste 
management system and we all consider our waste as useless. Hence, converting the wastes 
into some useful product seems to be of utmost importance for the economically, socially 
and environmentally sustenance.

To address this serious and national level issue of waste management, Shri Ram 
college has put a step forward in Muzaffarnagar. As we know that Shri Ram College in 
collaboration with Massachusetts Institute of Technology, Cambridge (US) is working on 
waste management in Muzaffarnagar since last years. This all program was initiated with 
the special effort of Chairman, Municipality Board, Muzaffarnagar City) and Dr. S. C. 
Kulshreshtha (Chairman, Shri Ram Group of Colleges, Muzaffarnagar). The SRGC team is 
working under the able guidance of Dr. S. C. Kulshreshtha (Chairman, SRGC)

In this connection an international conference on Waste Management: An Urgent 
Need of India was organized on 18 March 2023. The conference was based to cover Enable 
Muzaffarnagar’s transition into a model for the productive management of municipal & 
industrial waste. The main purpose behind is to create the tools to guide effective design 
of waste value chains for any Indian context. Also, several research papers were presented 
to demonstrate methods (technologies and operational strategies) to value addition to 
waste in India. A suggestion came for creation of a living laboratory for waste systems 
improvement in Muzaffarnagar.
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Objectives
	 1.	 Determine how much and what kind of waste 

is produced by bulk generators, and how it is 
disposed of.

	 2.	 Evaluate and recycle the organic waste for use 
in the production of fertilizer.

	 3.	 Determine the recycling of plastic and other 
types of waste for brick manufacturing.

Introduction
Waste management that is environmentally 

sustainable is a difficult task. It entails the reuse 
and recycling of all types of waste, from organic to 
inorganic (non-degradable). Waste management 
technologies must be developed in order to promote 
waste reuse, recycling, and waste to energy operations. 
Rapid economic growth is causing urbanisation and 
industrialization, which generate waste and harm the 
environment. As a result, converting waste into a useful 
product appears to be critical for economic, social, and 
environmental sustainability. Shri Ram Colleges (SRC) 
has taken a step forward in addressing the serious issue 
of waste management on their campus.

Management of waste in an environmentally 
sustainable manner is a challenging task. It involves 
reusing and recycling of all types of waste ranging 

from domestic waste to industrial waste. Technologies 
have to be developed for tackling Waste Management 
and promoting its reuse, recycling and waste to energy 
operation. Rapid economic growth is leading to 
urbanization and industrialization generating waste 
which is adversely affecting the environment. Hence, 
converting the wastes into some useful product seems 
to be of utmost importance for the economically, 
socially and environmentally sustenance. To address 
this serious issue of waste management, Shri Ram 
College (SRC) has put a step forward in SRC campus. 
The mission started when some professors and research 
scholars from SRC campus.

Indeed, they incorporated Shri Ram College into 
their Blocks and sample will be evaluated into a  waste 
management display lab, it’s a multi- disciplinary 
approach to understand waste management in block 
like canteen and other area higher to low with strategies 
that diminish greenhouse gas emissions and provide 
enterprise opportunities for marginalized populations. 
It comprised of studies for zero-waste strategies in cities 
in Africa, India, and Latin America; examines different 
models of collection, recycling, organic management 
and businesses developed in low-income settings; and 
researches public policy that supports sustainable, 
integrated, solid waste management systems. Student 
teams develop waste management businesses and 

A REVIEW ARTICLE ON WASTE MANAGEMENT SYSTEM 
IN SHRI RAM GROUP OF COLLEGES

S. C. Kulshreshtha1, Pragati Saxena2

1Chairman, Shri Ram Group of Colleges, Muzaffarnagar, India
2Director, Hierank Business School, Noida

ABSTRACT
The objective of this article is to study the current practices related to the various waste management 

initiatives taken in India for human wellbeing. The other purpose is to provide some suggestions and 
recommendations to improve the waste management practices in Indian towns and cities. This article is based 
on waste management practices adopted in SRGC campus. It offers deep knowledge about the various waste 
management initiatives in India and find out the scope for improvement in the management of waste for the 
welfare of the society
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entrepreneurial training modules in partnership with 
waste-pickers and workers of Shri ram college over the 
course of the term that culminate in a two-week trip to 
places where students implement zero waste strategies, 
including waste sector businesses, and enterprise 
learning modules.

Waste Management
Solid Waste Management
	 1.	 To reduce waste at institute, students and staff 

are educated on proper waste management 
practices through lectures, advertisement on 
notice boards, displaying slogan boards in the 
campus.

	 2.	 Waste is collected on a daily basis from various 
sources and is separated as dry and wet waste.

	 3.	 Color coded dustbins are used for different 
types of wastes. Green for wet and blue for 
solid waste.

	 4.	 Daily garbage is collected by housekeeping 
personnel and handed over to authorized 
personnel of Waste management lab in charge 
(SRC) for further processing. All waste water 
lines from toilets; bathrooms etc. are connected 
with Municipal drainage mains. Waste material 
like plastic, papers etc. are collected and sold 
out to scrap vendor from time to time.

Waste Collection
Efforts have taken to produce compost manure 

from the canteen solid waste and waste from other 
sources and efficiently run by the students. Manure is 
used for the purpose of herbal garden as well or for 
planted tree.

Liquid Waste Management
The waste chemicals mixed water from laboratory 

passes through concealed pipe line into soak pit & 
recycled water is used for the watering trees or non-
potable usage. Liquids are diluted by getting mixed 
with the washroom and toilet liquid wastes in to the 
common drainage.

E-Waste Management
The E-waste collected is stored in store room and 

disposed every year accordingly. The buyback system 
is followed for pharmacology rotating drums beyond 
repairable conditions. Empty toners, cartridges, 
outdated computers and electronic items are sold as 
scrap to ensure their safe recycling. Old monitors and 
CPUs are repaired by our technician and reused.

Legal and Policy Framework for Waste 
Management in India

Though there are policies governing the handling 
and processing of MSW in India, there is no clear 
implementation and monitoring of these policies. In 
this chapter, we will discuss the existing policies and 
regulations governing waste management in India, in 
order to understand the institutional framework within 
which the decision support tool should operate.

Research Methods
	 1.	 Interview with the bulk generators; Bulk 

generators are-Hostel, Canteen, Ground and 
Administrative office

	 2.	 Analysis of Segregation site and dumping yard.

	 3.	 Collect the data from different sites like 
segregation unit, and bulk producers.

Methods of Organic Waste Recycling
There are different methods of organic waste 

recycling, each of which can be used for a particular 
group of waste to produce some form of useful organic 
matter.

Some of the common methods are described below:

1. Animal Feed
	 i.	 One of the most common and efficient ways of 

recycling organic waste is by giving agricultural 
and food waste to cattle and other animals as 
food.

	 ii.	 Feeding organic waste to animals is a simple 
and easy method of waste recycling.
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	 iii.	 People can contact some farmers and donate 
their kitchen wastes so that the animals can 
take them up.

	 iv.	 However, the direct feeding of organic waste to 
animals might result in some health issues in 
such animals.

	 v.	 Therefore, different countries like the US have 
made regulations on the extent of food and 
type of food given to the animals.

	 vi.	 Recycling of food through animal feed has 
many advantages like reduced pressure on 
landfills, reduced methane productions from 
fruits and vegetables, and the lack of need to 
convert organic waste into some other forms.

	 vii.	 This also helps the farmers as they do not have 
to buy extra animal feed and eventually, helps 
the economy.

2. Composting
	 i.	 Composting is the process of decomposition 

of organic material where the organic material 
is acted on by soil organisms resulting in the 
recycling of nitrogen, phosphorus, potassium, 
and other soil nutrients into humus-rich 
components.

	 ii.	 Composting is an aerobic process that takes 
place under correct conditions of moisture and 
biological heat production.

	 iii.	 Even though all organic matter can be 
composted, some materials like woodchips and 
paper take much longer to compost than food 
and agricultural wastes.

	 iv.	 However, some amount of woodchips is 
essential to increase aeration in the composting 
process.

	 v.	 The overall process of composting includes 
both the composting time followed by a period 
of stabilization to produce a final stable product 
that can then be applied to the land.

	 vi.	 There are different composting systems ranging 

from simple, low-cost bin composting to highly 
technical high-cost reactor systems.

	 vii.	 Compost bins are most suitable for use in houses 
to compost simple kitchen waste and garden 
cuttings. One of the major issues with compost 
bins is the time taken for the completion of the 
process.

	 viii.	 Large scale composting is conducted in large 
reactors with an automated supply of oxygen 
and moisture to generate large tons of compost 
for industrial applications.

3. Anaerobic Digestion
	 i.	 Due to the negative impacts of land filling and 

incineration, anaerobic digestion has been 
proposed due to the cost-effective technology 
for renewable energy production and treatment 
of high moisture and energy-rich material.

	 ii.	 During the anaerobic digestion process, 
anaerobic microorganisms convert different 
types of biomass and other organic wastes into 
biogas and nutrient-rich residue that can be 
used for lap applications.

	 iii.	 The biogas produced by anaerobic digestion 
includes gases like methane, carbon dioxide, 
and a trace amount of hydrogen and hydrogen 
sulfide.

	 iv.	 When compared to other methods, this method 
can utilize a much wider range of substrates, 
even those with high moisture content and 
impurities.

	 v.	 Some of the commonly used substrates for 
anaerobic digestion include wastewater, sewage 
sludge, and animal manure.

1. Rendering
	 i.	 Rendering is the process of conversion of waste 

animal tissues into stable and usable forms like 
feed protein.

	 ii.	 During the rendering process, fatty tissues, 
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bones, and animal carcass are exposed to a 
high temperature of about 130°C and then 
pressurized to destroy pathogens.

	 iii.	 Rendering can be carried out on both the 
kitchen and industrial scale.

	 iv.	 Some cases of non-animal products can also be 
rendered down to form pulps.

	 v.	 The products of rendering can be applied in 
different forms where the solid particles are 
used in pet food products, and the fat is added 
to soap making operations.

	 vi.	 Rendering, however, has some disadvantages 
like it cannot completely degrade waste 
products like blood.

2. Rapid Thermophilic Digestion
	 i.	 Rapid thermophilic digestion is the process 

of rapid fermentation of organic wastes by 
activating fermenting microorganisms at high 
temperatures.

	 ii.	 A rapid thermophilic digester works six to ten 
times faster than a normal biodigester.

	 iii.	 In a thermophilic digester, the feedstock is 
fed into the digester with air forced through 
the material to support the growth of aerobic 
microbes.

	 iv.	 The process of thermophilic digestion is 
an exothermic process that maintains a 
thermophilic condition at 55-65°C.

	 v.	 The product of rapid thermophilic digestion is 
a biofertilizer that can be used on the soil to 
increase soil fertility.

	 vi.	 The most common application of thermophilic 
aerobic digestion is in the wastewater industry 
for the treatment of sewage sludges.

3. Immobilized Enzyme Reaction
	 i.	 The use of enzymes over chemical catalysts in 

the treatment of wastewater and other similar 
waste products reduces the formation of by-
products and significant energy inputs.

	 ii.	 However, some challenges like maintaining the 
stability and performance of enzymes require 
the development of stabilized energy systems.

	 iii.	 The use of immobilized enzymes during 
organic waste recycling allows the degradation 
activity even under non-ideal environments.

	 iv.	 Immobilization of enzymes also supports the 
reuse of biocatalysts for multiple processes 
which then reduces the cost of chemical and 
enzymatic processes.

	 v.	 Immobilization techniques like adsorption, 
entrapment, and encapsulation can be applied.

	 vi.	 The use of enzymes for the conversion of organic 
waste into reusable forms allows important 
modifications like oxidation, hydrolysis, 
acylation, and phosphorylation.

	 vii.	 Enzymes like esterase can be used to esterify 
oils to form biodiesel. Similarly, sugars can also 
be esterified to use as surfactants.

	 viii.	 All of these processes allow for a more 
economical and efficient way of waste 
management.

Process (General Steps/Mechanism) of 
Organic Waste Recycling

The overall process of organic waste recycling 
begins with the collection of waste materials which are 
then passed through various steps to obtain a usable 
form of organic matter. The general steps/ mechanism 
of organic waste recycling can be explained as below;

1. Collection
	 i.	 The first step in the organic waste management 

of recycling is the collection of waste materials 
which can either be on a small scale in a kitchen 
or on a large scale in industries.

	 ii.	 A sufficient amount of waste matter needs to be 
collected in appropriate bags so that they can 
be moved to the site of recycling.

	 iii.	 In the case of composting, the organic waste is 
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collected in a pit, whereas that in a digester is 
collected in the digester.

2. Decontamination
	 i.	 An important step in organic waste recycling is 

the decontamination of waste in order to avoid 
its harmful effects.

	 ii.	 This step is particularly important while dealing 
with organic waste from industries.

	 iii.	 Besides, any non-biodegradable substance like 
glass, plastic, and bricks, if present, should be 
removed during this step.

3. Preparation
	 i.	 Before the organic waste is added to a recycling 

system, it should be prepared.

	 ii.	 The method of preparation employed depends 
on the type of recycling method chose. For, e.g., 
composting requires shredding and stacking of 
organic waste, whereas an immobilized enzyme 
system requires immobilized enzymes.

	 iii.	 Some methods might even require a period of 
stabilization prior to recycling, in which case, 
the time should be designated.

4. Recycling Process
	 i.	 Depending on the nature of the organic waste 

and desired end products, an appropriate 
method of recycling should be adopted.

	 ii.	 Human wastes like sewage and fecal wastes 
should be recycled via anaerobic digestion 
whereas sewages can be treated with 
thermophilic digesters.

Screening and Grading
	 i.	 The obtained residues or compost are then 

screened into different sizes to be used for 
different purposes.

	 ii.	 Depending on the application of the end 
products, grading and screening are essential.

Significance of Organic Waste
Organic waste recycling has multiple advantages 

that help prevent the problems that arise with the 
accumulation of waste products in nature. Some of the 
common advantages or significances of organic waste 
recycling are:

	 1.	 Recycling of biomass or biowastes allows for 
the generation of energy in the form of biogas 
by recycling processes like anaerobic digestion.

	 2.	 The conversion of organic matter into compost 
helps save resources as compost can be used 
as a biofertilizer which avoids the use of other 
chemical fertilizers.

	 3.	 The separation of organic and inorganic wastes 
also improves the efficiency of non-organic 
recycling.

	 4.	 One of the most important significances 
of organic waste recycling is the reduction 
of pollution in the air, water, and land as it 
reduces problems like odor generation or gas 
emissions.

	 5.	 The generation of biofertilizers by recycling 
process improves the quality of soil, which then 
increases soil fertility and plant growth.

	 6.	 Landfills tend to increase the emission of 
greenhouse gases, and the recycling of such 
wastes into less harmful wastes decreases such 
emissions.

	 7.	 Recycling of organic wastes also reduces the 
concentration of waste remaining for less 
efficient processes like landfill and incineration.

	 8.	 Organic matter recycling increases the organic 
content of the soil, which improves soil fertility 
and provides essential nutrients to plant, 
increasing crop yield.

	 9.	 Stabilization of organic wastes adds value 
in terms of improving nutrient content and 
availability to be used as fertilizer in agriculture. 
Also, it introduces new popular concepts 
like cleaner production, zero-waste policy, 
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sustainability, and bio-based circular economy.

	 10.	 Some compost prepared with appropriate 
substrate work as biocontrol agents to prevent 
and control plant diseases.

Barriers and Challenges of Organic Waste 
Recycling

Even though organic waste recycling is a novice 
and important method of waste recycling, there are 
some challenges that limit the use of recycling methods. 
Some of the most prominent barriers or challenges of 
organic waste recycling are:

	 1.	 Long term application of compost-recycled 
waste on soil may cause an accumulation of 
heavy metals, from where they might transfer 
to different trophic levels of the food chain.

	 2.	 Some selected groups of persistent organic 
pollutants like chlorinated dioxins, polycyclic 
aromatic hydrocarbons, and organochlorine 
pesticides are accumulated in solids during the 
treatment process. These compounds might 
have harmful effects on lower organisms or in 
some cases, even on humans and wildlife.

	 3.	 The use of bio-fertilizers produced via processes 
like composting and vermicomposting results 
in significant input of toxic metals like cadmium 
and lead, which might have a direct impact on 
the health of human beings and animals.

	 4.	 Recycling process like composting generates 
odors which might cause air pollution or 
discomfort.

	 5.	 Microbial degradation of organic waste 
might result in the formation of airborne 
microorganisms or bioaerosols, which may 
pose potential risks like respiratory disorders 
on the plant workers and adjacent residents.

Inorganic Waste Management
Contaminants such as heavy metals also occur; 

they are found in small quantities in a range of all 
the blocks off Shri ram college waste items but are 

mainly concentrated into a few items such as used 
batteries, discarded light bulbs and tubes and mercury 
thermometers. If mixed MSW composting is to be carried 
out, the operator must be aware that high heavy metals 
levels (from batteries, etc) may prevent the resulting 
compost being sold as it would be likely to exceed the 
legally permissible heavy metal limits. Similarly, the 
process of biogas derived from waste without sorting 
would result in less effective production of biogas. For 
instance, if there are materials such as batteries, metal, 
iron, or plastic in the mixed garbage, this will have a 
negative impact on the production of methane (CH4) 
and therefore on the effective production of biogas. 
The original aspect of this research is that the estimates 
of waste generated from SRC are based on novel 
primary data collected from Block surveys conducted 
in SRC solely for the purpose of the research. The 
new findings of this research consist of the results of 
waste generation that determines the potential savings 
from recovery of inorganic waste estimations; and the 
result of survey to identify the method of disposal for 
inorganic and hazardous household waste in order 
to determine whether waste separation at-source has 
already taken place. The survey essentially identifies 
the current practice of household waste disposal in 
Jakarta. Additionally, due to the absence of specific 
policies dedicated to the management of inorganic 
and hazardous household waste, this study provides 
a review on existing related policies with scrutiny on 
the aspects of inorganic and hazardous household 
waste. This study will be of benefit to policy makers 
in devising future new policies on the management of 
inorganic and hazardous household waste by also taking 
into consideration the generation rates of these types 
of waste and potential savings from recovery of these 
wastes. Prior study [3] showed the result of household 
waste survey that indicated the amount of organic 
waste that is the basis of the greenhouse gases (GHG) 
emission estimation. Another study [4] identified the 
householder rs and for their perceptions regarding the 
present situation of waste management. Another study 
focused on the review of policies on general waste 
management policies in Indonesia [5].
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The differences between prior studies with this 
study are:

	 1.	 the focus of the type of waste studied, which is 
inorganic and hazardous waste;

	 2.	 the aim of this study, which is to identify 
the amount of waste from households by the 
estimation of waste generation rate based on 
the categories of waste; estimation of potential 
saving from recovery of inorganic materials, 
recycling potentials for each amount of waste 
per category; as well as current method of 
disposal for inorganic waste items.

Types of Waste: Organic and Inorganic 
Waste
Organic Waste

Organic wastes are materials originating from 
living sources like plants, animals, and microorganisms 
that are biodegradable and can be broken down into 
simpler organic molecules.

	 1.	 Organic wastes produced in nature by various 
means can exist either in a solid-state or liquid 
state.

	 2.	 Solid organic waste is primarily understood as 
organic- biodegradable waste, and it contains 
about 80-85% moisture content.

	 3.	 The most common sources of organic wastes 
include agriculture, household activities, and 
industrial products.

	 4.	 Green waste like food wastes, food-soiled paper, 
non-hazardous wood waste, landscape waste, 
and pruning wastes are some of the examples 
of biodegradable or organic wastes.

	 5.	 Even though most of the organic wastes in 
the soil add up nutrients and minerals for 
soil fertility and plant growth, inappropriate 
disposal practices might cause severe damage 
to the environment.

	 6.	 Recently, however, the concept of organic waste 
management and recycling has been introduced 
and implemented.

	 7.	 Organic wastes have been an important source 
of pollution in the environment. Some of the 
common types of organic wastes usually found 
in nature include the following. 

(i) Municipal Solid Wastes
	 1.	 Municipal solid wastes include the more 

common wastes that are generated in our daily 
life in the form of product packaging, grass 
clippings, furniture, clothing, bottles, food 
scraps, appliances, paint, newspapers, and 
batteries.

	 2.	 These wastes are generated from residential 
areas, schools, hospitals, and businesses.

(ii) Cattle Wastes
	 1.	 Cattle wastes are animal wastes that are of 

animal origin and act as good resources of 
organic matter.

	 2.	 Cattle waste is also an important soil fertilizer 
that provides a high concentration of micro 
and macronutrients for crop growth and soil 
fertility.

	 3.	 Cattle manure and fodder constitute organic 
wastes in the form of cattle wastes. Besides, 
poultry wastes and piggery wastes also add the 
number of organic wastes from animal origin.

(iii) Food Wastes
	 1.	 Food wastes account for about 30% of total 

organic waste in nature via natural and artificial 
means.

	 2.	 Some of the examples of food wastes include 
peelings, cores, leaves, fruits, twigs, outer skins, 
and sludges.

	 3.	 Fruit and vegetable canning industries, 
frozen vegetable industries, and fruit drying 
industries, along with residential areas and 
hotels or restaurants are the major producers 
of food wastes.
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Organic Waste Recycling
Organic waste recycling is the process of organic 

waste management where organic wastes are recycled 
or converted into useful matter by different recycling 
methods.

	 1.	 The need for organic waste recycling has 
increased over the years as waste management 
became an emerging issue in most metropolitan 
cities.

	 2.	 Organic waste account for most of the waste 
created in nature which then directly affects 
urban living systems due to their high moisture 
content.

	 3.	 The excess moisture content increases the 
volume of waste while lowering their incinerator 
temperatures, causing an overall load of waste 
disposal.

	 4.	 In order to deal with these issues, various 
treatment methods and practices have been 
formulated and implemented throughout the 
world.

	 5.	 The utilization of microorganisms in organic 
waste management is also a viable means of 
improving soil fertility while disposing of such 
wastes.

	 6.	 During the process of organic waste recycling, 
the wastes are subjected to different forms of 
treatments, resulting in the conversion of waste 
into compost or vermicompost that can then 
be utilized as natural fertilizers.

	 7.	 Biological treatments are among the most 
convenient and effective alternative for treating 
organic waste.

	 8.	 These treatments help maximize recycling and 
recovery of waste components.

	 9.	 The primary objective of organic waste recycling 
is to maintain a sustainable cycle where the 
biodegradable fraction of organic waste is 
converted into useful organic manure or 
fertilizer through various recycling techniques.

Conclusion
In the current situation, inorganic and hazardous/

toxic wastes on the SRC campus are not properly 
managed, because Block holders primarily dispose of 
these types of waste along with organic waste to make 
bricks, and some other material to be disposed of at 
the landfill.

According to the waste composition survey, the SRC 
canteen’s kitchen waste or food scrap has the highest 
organic fraction (52%). After that, recyclable inorganic 
waste such as plastic (14) cardboard and paper (12%). 
While kitchen waste is valuable as compost feedstock, 
plastic, paper, and cardboard have the potential to be 
recycled.

Meanwhile, the presence of hazardous waste is low, 
with only 4% of metal waste - such as batteries and 
used electronic products - being present. Almost all of 
the top fractions of inorganic waste from households 
Plastic that is unrecyclable scraps. Other wastes, such 
as, food packaging (18%), refused plastic sacks (15%), 
clear plastic beverage bottles/PET bottles (11%) and 
aluminum beverage cans (8%), can be recycled and 
would, therefore, have significant economic values in 
scrap dealing. Although there are valuable resources 
present in terms of household waste, the majority of 
respondents dispose of recyclable waste alongside 
other types of waste, including organic waste. Although 
communal and central composting facilities are 
available on the SRC campus, the quality of the compost 
produced is questionable due to the mixed block holder 
waste that is frequently delivered to these facilities. 
Composting operators must be aware of the possibility 
of high levels of contamination in the compost due to 
heavy metals, such as e-waste. To address this issue, 
hazardous waste should be separated either manually 
(at the source) or automatically (at treatment/disposal 
facilities using automated sorting equipment).

Furthermore, it is suggested that the government 
conduct campaigns and/or public information 
dissemination to highlight the importance of at-source 
sorting to separate hazardous and toxic waste from the 
remaining types of household waste. Inform the general 
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public about the dangers of improper hazardous and 
toxic waste disposal.

Inform the public about the potential consequences 
of hazardous and solid waste treatment; particularly for 

residents who live near treatment facilities disclose the 
potential risks that may arise from improper hazardous 
and toxic waste treatment.
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Water Availability in India
For a country of similar size, the nation’s long-term 

average annual rainfall is the highest in the world at 
1160 mm (Lal 2001). India receives approximately 4000 
km3 of precipitation on average each year. Rainfall is 
influenced by local storms, shallow cyclonic depressions 
and disturbances, and the North-East and South-West 
monsoons.

Precipitation varies greatly in India both in space 
and time. The majority of it, or roughly 3000 km3, 
is affected by the South-West monsoon from June to 
September, and even then, only for 100 hours of wet 
days. With respect to geographical variance, the area 
near Cherrapunji in Meghalaya has the most annual 
rainfall, at roughly 11,690 mm. There are numerous 
locations on the windward side of the Western Ghats 
that receive up to 6000 mm of rain annually. The yearly 

rainfall in the northern plains drops from 1500 mm in 
West Bengal to 150 mm in Jaisalmer, Rajasthan. Roughly 
21% of the nation’s land area experiences yearly rainfall 
of less than 750 mm, while 15% experiences rainfall 
over 1500 mm.

With an extensive network of rivers and snow-
capped mountains, India receives over 3880 billion 
cubic meters (BCM) of precipitation on average each 
year. However, the net amount of water resources that 
are available for usage is projected to be roughly 1,123 
BCM because of the unequal distribution of rainfall 
and high rates of evaporation. This amount comprises 
surface water from rivers, lakes, and reservoirs, as well 
as replenishable groundwater, as well as precipitation 
(snow and rain). About 690 BCM of the total amount of 
water resources are surface water, while the remaining 
436 BCM are groundwater. Around 690 BCM of the 

WATER RESOURCES MANAGEMENT IN INDIA
Er. Rajdeep Saharawat*, Dr. Pooja Tomar*

*Basic Science Department, Shri Ram College Muzaffarnagar

ABSTRACT
Given its rapidly expanding population and growing needs in the fields of agriculture, industry, and 

other areas, India is expected to confront significant challenges in managing its freshwater resources. The 
nation’s economy is presently expanding quickly, making the management of freshwater resources even more 
crucial. This essay examines the current state of freshwater resources in India, including their quantity and 
quality, needs, and management-related issues. In order to prevent freshwater shortage from impeding national 
economic development and food security, a number of steps that are required for a long-term solution to the 
issue are proposed.

India’s unique geographical, meteorological, and demographic characteristics make water resource 
management (WRM) a crucial and multifaceted endeavor. Water consumption has grown in a number of 
sectors, including home use, industry, and agriculture, as a result of urbanization and population growth. 
Seasonal variations in rainfall across the Indian subcontinent cause both droughts and floods in different 
parts of the subcontinent. These problems are made worse by climate change, which modifies patterns of 
precipitation and makes water supplies more unpredictable. The management problem is made more difficult 
by the unequal allocation of water resources among the states. The Indian market’s consumption. Initiatives 
to support sustainable farming and increase the efficiency of agricultural water use procedures, as well as 
implement initiatives related to watershed management, are essential elements of complete WRM plans.

Keywords: Water scarcity, Groundwater, River linking, Water pollution, Artificial recharge, National 
water policy.
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total amount of water resources are surface water, and 
the remaining 436 BCM are groundwater. The latest 
estimate states that India recharges its groundwater 
at a rate of 437.60 BCM annually. The estimated 
annual extractable groundwater resource, taking into 
consideration natural discharge, is 398.08 BCM. The 
yearly extraction of groundwater in 2022 is 239.16 
BCM (CGWB 2022). So, India is the world’s greatest 
groundwater extractor, taking out 239 billion cubic 
meters of groundwater annually.

Table-1. Different Parameters of Water and 
Their Respective Availability

S. 
No.

Parameter Unit (Billion Cubic 
Meter/Year)

1. Annual water availability 1,869
2. Usable water 1,126
3. Surface water 690
4. Ground water 43

But for the past few decades, our water resources 
have been severely strained due to fast population 
expansion, modifications to agricultural operations, 
shifts in food consumption patterns, changes in 
lifestyles, and changes in land use. Even while India 
receives a lot of rainwater during the monsoon season, 
there isn’t enough storage space for it to add much to 
the country’s water reserves. Notably, the four months 
of the southwest monsoon season account for 80% of 
the yearly flow of rivers in India.

Table-2. State/UT Total Water Availability 
(BCM) Per Capita Water Availability 

(cubic meters)

S. 
No.

State/UT Total Water 
Availability 

(BCM)

Per Capita 
Water 

Availability 
(cubic 

meters)
1. Andhra Pradesh 94.1 1,076
2. Arunachal 

Pradesh
168.5 12,574

3. Assam 329.2 3,742

4. Bihar 173.8 1,120
5. Chhattisgarh 138.2 2,059
6. Goa 12.7 2,745
7. Gujarat 53.5 1,021
8. Haryana 33.4 803
9. Himachal 

Pradesh
39.5 5,763

10. Jammu and 
Kashmir

64.5 4,767

11. Jharkhand 68.2 1,652
12. Karnataka 123.4 1,425
13. Kerala 174.1 4,257
14. Madhya Pradesh 163.4 1,483
15. Maharashtra 140.3 1,325
16. Manipur 34.6 5,576
17. Meghalaya 37.5 6,272
18. Mizoram 21.5 10,750
19. Nagaland 29.3 8,657
20. Odisha 154.5 1,827
21. Punjab 45.4 1,345
22. Rajasthan 34.1 642
23. Sikkim 28.2 10,272
24. Tamil Nadu 104.3 932
25. Telangana 99.2 1,130
26. Tripura 18.5 4,431
27. Uttar Pradesh 180.7 945
28. Uttarakhand 69.4 6,994
29. West Bengal 175.3 1,528

Graph-1. State wise total water availability 
(billion cubic meter)
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Graph-2. State wise per capita water availability in 
billion cubic meter

Government Policies and Initiatives
India has started a number of sustainable water-

related initiatives to promote efficient water management 
and address the problem of water scarcity. Among the 
noteworthy initiatives are:

1) Jal Shakti Abhiyan (JSA)
JSA was introduced in 2019 with the goal 

of enhancing national water management and 
conservation.

2) Pradhan Mantri Krishi Sanchay Yojana 
(PMKSY)

The goal of the 2015-launched Pradhan Mantri 
Krishi Sanchay Yojana (PMKSY) is to improve the 
efficiency of water use in agriculture.

3) National Water Mission (NWM)
In 2011, the National Water Mission (NWM) 

was established. Preserving water, cutting waste, and 
ensuring its fair distribution among and within states 
are the core goals.

4) Atal Bhujbal Yojana (ABHY)
ABHY was introduced in 2019 with the goal of 

enhancing water availability in underserved areas and 
encouraging sustainable groundwater management.

5) Har Khet Ko Pani (Every Field A Water)
This project, which was introduced in 2015, aims 

to provide water to every field in order to enhance 
irrigation coverage and guarantee efficient water usage

FIGURE-1 DIFFERENT GOVERNMENT POLICIES FOR WATER MANAGEMENT IN INDIA
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6) National Rural Drinking Water Programme 
(NRDWP)

This government funded program was introduced 
in 2009 with the goal of resolving the rural water 
crisis and guaranteeing a sustainable water supply for 
everybody.

7) The Jal Jeevan Mission
One of India’s largest initiatives is to supply all rural 

communities with safe and clean drinking water by 
2024. The mission was started in August 2019 with the 
goal of giving every rural family access to Functional 
family Tap Connections (FHTCs).

Timeline of India’s Water Action
2008
	 i.	 National Action Plan on Climate Change 

	 ii.	 Web enabled Water Resources Information 
System 

	 iii.	 National Urban Sanitation Policy 

2011
	 i.	 National Water Mission 

2012
	 i.	 Revised National Water Policy 2012 

	 ii.	 Dam Rehabilitation and Improvement Project 
(Phase -I) 

	 iii.	 National Aquifer Mapping and Management 
(NAQUIM) Programme 

2013
	 i.	 Hydrometeorological Data Dissemination 

Policy 2013 

2014
	 i.	 Namami Gange Programme 

	 ii.	 Swachh Bharat Mission (Rural) Phase 1 

	 iii.	 Swachh Bharat Mission (Urban) Phase 1 

2015
	 i.	 Atal Mission for Rejuvenation and Urban 

Transformation (AMRUT) Phase 1 

	 ii.	 Watershed Development Component - 
Pradhaan Mantri Krishi Sinchayi Yojana 
(PMKSY) 

	 iii.	 Per Drop More Crop - Rashtriya Krishi Vikas 
Yojana 

	 iv.	 National Plan for Conservation of Aquatic 
Ecosystem 

2016
	 i.	 First State Policy on Wastewater Reuse - 

Rajasthan 

	 ii.	 National Hydrology Project 

	 iii.	 National Council for Rejuvenation, Protection 
and Management of River Ganga (National 
Ganga Council) 

	 iv.	 National Mission for Clean Ganga as an 
Authority under Environment (Protection) 
Act, 1986 

2018
	 i.	 Dedicated Micro-Irrigation Fund

	 ii.	 First Composite Water

	 iii.	 Management Index Report

	 iv.	 National Water Informatics Centre

	 v.	 Revised Hydrometeorological

	 vi.	 Data Dissemination Policy 2018

2019
	 i.	 Ministry of Jal Shakti formed by merging 

Ministry of Water Resources, River 
Development & Ganga Rejuvenation, and 
Ministry of Drinking Water and Sanitation

	 ii.	 Jal Jeevan Mission 

	 iii.	 Atal Bhujal Yojana 

	 iv.	 Evam Utthaan Mahabhiyan (PM KUSUM) 
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2020
	 i.	 Revised Master Plan for Artificial Recharge of 

Ground Water, 2020 

	 ii.	 Swachh Bharat Mission (Rural) Phase 2 

2021
	 i.	 Swachh Bharat Mission (Urban) Phase 2 

	 ii.	 Atal Mission for Rejuvenation and Urban 
Transformation (AMRUT) Phase 2 

	 iii.	 National Aquifer Mapping and Management 
(NAQUIM) Programme 

	 iv.	 Dam Rehabilitation and Improvement Project 
(DRIP) - Phase II 

	 v.	 Pradhan Mantri Kisan Urja Suraksha 

	 vi.	 Ken-Betwa River Interlinking Project the Dam 
Safety Act, 2021 

	 vii.	 Jal Shakti Abhiyan: Catch the Rain - 2021 

2022
	 i.	 Jal Shakti Abhiyaan: Catch the Rain - 2022 

	 ii.	 National Framework on Safe Reuse of treated 
water 

	 iii.	 River Rejuvenation Plan Bureau of Water Use 
Efficiency 

	 iv.	 National Framework for Silt Management 

2023
	 i.	 India’s first Annual Ministerial Conference on 

Water and India Water Vision 2047 announced 

	 ii.	 Jal Shakti Abhiyan: Catch The Rain - 2023 
launched by Hon’ble President of India 

Prospects and Recommendations for the 
Future

Water Resources & Management department in 
India necessitates a thorough strategy. Innovations in 
technology, community involvement, and sustainable 
practices are critical. Climate resilience techniques and 
the visualization of changing weather patterns need to 
be addressed.

Suggestions
	 1.	 Water Efficiency: Promote water-saving 

farming techniques, like drip irrigation and 
crop selection depending on local water 
resources.

	 2.	 Infrastructure Development: Make 
investments in treatment facilities, pipelines, 
and storage tanks as examples of water 
infrastructure.

	 3.	 Community Involvement: Promote 
community involvement in decisions on water 
management while taking into account their 
knowledge of regional needs and conditions.

	 4.	 Technology Integration: To enhance water 
monitoring and management, include modern 
technologies including sensors, data analytics, 
and remote sensing.

	 5.	 Policy Reforms: Implement measures to save 
water, such as limiting the amount of water 
used for agriculture and industry.

	 6.	 Education and Awareness: Through campaigns 
and educational programs, encourage water 
conservation.

Conclusion
In India, the management of water resources 

(WRM) is a major issue that requires all- encompassing 
and sustainable solutions. The rapid increase in 
population and industrialization has led to a massive 
rise in water use, placing a significant burden on the 
available water resources. The scarcity issue is made 
worse by the nation’s problems, which include erratic 
monsoons, water pollution, and poor distribution 
networks. For the ecosystem to remain balanced 
overall, urban growth, and agricultural productivity 
depend on effective management of water resources. 
Long- term water availability can be ensured through 
effective irrigation techniques, rainwater collection, 
and watershed management.

In addition, the government is crucial in formulating 
and carrying out laws and policies that restrict water use, 
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stop pollution, and encourage wise water use. Effective 
water management also requires active community 
participation and knowledge. Long-term solutions can 

be found through promoting environmentally conscious 
culture, educating the public about water conservation, 
and supporting responsible water usage in industry.
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Introduction
Pollutants found in landfill leachates and 

wastewater discharge from regular homes and industrial 
manufacturers. Both surface waters and ground water 
wells contain them. To ensure drinking water quality 
or to safeguard our water resources, they must always 
be eliminated. 

As a result, numerous methods have been put forth 
and are being used to eliminate these pollutants. In order 
to eliminate the many components of the pollution 
cycle—solids, organic carbon, nutrients, inorganic salts 
and metals, and pathogens—this document reviews the 
numerous techniques and treatments utilized for water 
and waste water treatment. Wastewater typically has 
large concentrations of organic matter, a wide variety 
of pathogenic microbes, nutrients, and poisonous 
substances. Because of the potential risks to the 
environment and human health, it needs to be removed 
as soon as possible from the sources of its formation 
and given the proper care before being disposed of 

permanently. The preservation of the environment in 
a way that addresses socioeconomic and public health 
issues is the ultimate goal of waste-water management. 
New approaches to the design and layout of wastewater 
treatment systems are currently based on basic research 
in the disciplines of microbiology and chemistry as well 
as findings from studies into process procedures. Just 
0.01% of all the water on Earth is fresh water on the 
surface. Thus, both organic and inorganic contaminants, 
such as metals, dissolved solids, fertilizers, detergents, 
pesticides, industrial hazardous effluents, and garbage 
from homes and farms, can contaminate fresh water.

	 a)	 Physical Characteristics: 

	 i)	 Temperature

	 ii)	 Turbidity

	 iii)	 Colour

	 b)	 Chemical Characteristics:

	 i)	 pH

	 ii)	 Hardness

DIVERSE TECHNIQUES USED IN WASTEWATER 
TREATMENT TO REDUCE WATER CONTAMINATION

Vipin Kumar Saini*, Vikas Kumar*, Disha Sharma*, Saba Rana*, Shalini Mishra*, Ankit Kumar* 
and Rishabh Vatsa**
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ABSTRACT
The management of household and industrial wastewater is getting more and more difficult as a result 

of urbanization and industrialization. As a result, numerous methods for purifying water were created. A 
significant environmental issue is the pollution of water streams brought on by various inorganic, organic, and 
biological contaminants, among which pesticides are widely used and were introduced as a result of agricultural 
sources. Numerous common techniques for treating water, including chemical oxidation, biological treatment, 
activated carbon adsorption, etc., have found some useful applications. Activated carbon adsorption, for 
instance, involves the phase transfer of contaminants without their breakdown into additional environmental 
issues. All organic materials are mineralized by chemical oxidation, which is only practical economically for 
the removal of contaminants at large concentrations.

Keywords: Natural water, wastewater treatment processes, reuses desalination processes.
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	 iii)	 Dissolved Solids

	 iv)	 Organic Characteristic

	 c)	 Biological Characteristics:

	 i)	 Algae

	 ii)	 Bacteria

	 iii)	 Protozoan

	 iv)	 Viruses

	 d)	 Radiological Characteristics.

Microorganism growth is significantly impacted by 
chemical effluents released by industries and pesticides 
found in surrounding farmland. Oxygen levels decrease 
as organic matter breaks down in the presence of 
microorganisms. Water that has high levels of calcium 
and magnesium becomes hard, making it unsuitable for 
home use and transportation. The amount of organic 
molecules and other oxidizable materials in water is 
measured by the chemical oxygen demand, or COD. 
This has a direct bearing on the water’s aesthetic appeal. 
The concentrations of minerals and impurities are 
typically very low and are expressed in milligrams per 
liter (mg/l) or parts per million (ppm), which is the 
number of impurity parts in a million parts of water. In 
wastewater and water, the phrases are interchangeable 
and equal at low quantities. Certain metrics are 
expressed in micrograms per liter (μg/l) or parts per 
billion (ppb). At low concentrations, these phrases are 
virtually equal as well. The case studies examine our 
nation’s future intentions for the construction of waste-
water treatment facilities as well as its current state of 
waste-water treatment initiatives [3].

Natural Water and Wastewater Parameters: 
Surface water, such as rivers and streams (Moorland 
surface drainage), torrents, natural lakes, reservoirs, 
and ponds (Lowland surface drainage), and subsurface 
water, such as springs and ground water, are the 
two categories of natural water. Many phases of the 
hydrologic cycle involve a series of physical, chemical, 
and biological activities that influence the composition 
of natural water. These processes are actively influenced 
by atmospheric factors. Because of this, seasonal 
fluctuations in temperature and climatic conditions 

have a significant impact on the quality of natural 
water, including water in basins with low replenishment 
rates. As indicated in tables I and II, we are now 
providing certain standard characteristics for water 
characterization.

Indian Pollution Control: To address the issue 
of industrial pollution, the CPCB introduced a water 
pollution management agenda in 1992. It has listed 
1551 major and medium-sized businesses and provided 
a timeline for adhering to the guidelines. The tables III 
and IV include the progress report. Based on these 
data, a significant decline in the number of non-
compliant industries is evident. However, there can still 
be questions about how the installed treatment units 
actually function. There is proof that a lot of industries 
only operate their effluent treatment plants (ETPs) 
when they are being inspected [6].

Pollution by Small Scale Industries: Small-scale 
enterprises (SSIs) that produce pollution present Indian 
authorities with the most difficult decision when it 
comes to controlling industrial pollution. It is true 
that smaller facilities have lower costs associated with 
adopting environmental standards. Over 0.32 million 
SSIs are thought to exist, many of which are extremely 
polluting. It was estimated that the share of SSIs in 
several of the major polluting industries’ wastewater 
output was roughly 40%.

Methods of Wastewater Treatment
There are four different wastewater treatment 

methods, and each of these methods has a different 
treatment process. However, every treatment process 
must start with an assessment and evaluation. The 
four different industrial water treatment methods are 
explained below:

1. Physical Methods
Using physical techniques to purify wastewater is 

known as physical water treatment. This technique uses 
screening, skimming, and sedimentation to remove 
the particles from the wastewater. There is absolutely 
no usage of chemicals in this technique. Among the 
methods this approach employs are:
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Sedimentation: The process of treating wastewater 
by collecting and separating heavy or insoluble particles 
from the wastewater is called sedimentation. When the 
insoluble substance sinks to the bottom of the water, 
the water and the insoluble material are separated.

Aeration: In this procedure, oxygen is added to the 
wastewater by means of air circulation. There are various 
methods for adding air or oxygen to wastewater, such 
as spraying, diffusing, and surface aeration. Once the 
oxygen comes into touch with the water, the aeration 
process starts right away.

2. Mechanical Methods
Mechanical filtration for wastewater treatment 

and disposal is one of the conventional wastewater 
treatment methods and it can be achieved by either:

Ceramic Membrane Technology: Using ceramic 
membranes installed in housings to filter wastewater 
is known as ceramic membrane filtration. When 
wastewater starts to pass through the membranes, the 
filtration process will commence. The pressure required 
for the water to pass through the ceramic membrane is 
supplied by a feed pump.

Sand Filter Technology: More than 200 years have 
passed since the invention of this technology. It is more 
useful in situations when fluids are forced downward 
by pressure or gravity. This technology’s potential for 
inadequate disinfection is one of its drawbacks. A 
sizable volume of special-grade sand is housed in a 
sizable tank as the sand filters.

3. Biological Methods
This is wastewater treatment by the use of 

biological processes. The organic materials found in 
the wastewater, such as food, soap, oils, and human 
waste, are broken down at this point. Three categories 
comprise the biological process wastewater treatment 
method:

Aerobic: Here, microorganisms break down the 
organic material in wastewater to produce carbon 
dioxide. To break down the organic stuff in wastewater, 
aerobic microorganisms (bacteria and fungi) and 

oxygen are required. Numerous aerobic organisms 
are combined with wastewater in an activated sludge 
reactor to facilitate the aerobic process.

Anaerobic: In this stage, fermentation is used for 
decomposing the organic matter in wastewater instead 
of oxygen. The microorganisms (anaerobic bacteria) 
used for this process do not require oxygen to break 
down organic matter. The waste is fermented at a 
specific temperature by using fermentation.

Composting: In this stage, treatment is carried out 
by mixing the wastewater with sawdust or any other 
carbon sources. Composting is one of the commonly 
used methods for treating sludge and transforming it 
into a useful product that can be used to enrich the soil 
nutrient.

4. Chemical Methods
While there are several chemical treatment methods, 

chemical neutralization, adsorption, precipitation, 
disinfection, and ion exchange are the most often used 
ones. The material is impacted by changing external 
variables, notwithstanding the differences between the 
chemical treatment methods mentioned above.

Neutralization: This is the process of controlling 
and maintaining the pH level of wastewater at or below 
7. If there is not enough acidity in the water, an acid 
will be added to raise the pH to the necessary amount. 
In the event that the water’s alkalinity is insufficient, a 
base will be added to raise the pH level to the necessary 
level.

Adsorption: Adsorbents are employed in this 
chemical industrial wastewater treatment procedure 
to extract soluble compounds from wastewater. 
Adsorption is a process used to remove a variety of 
organic molecules, including hazardous substances 
and detergents. Prior to use, the adsorbent needs to be 
activated for best effects.

Precipitation: An acid or an alkali is used in the 
chemical precipitation process to extract dissolved 
inorganic materials from wastewater. This technique 
involves either injecting chemicals or changing the 
temperature. Either sedimentation or flotation can be 
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used to remove the precipitate.

Disinfection: In this chemical treatment procedure, 
the pathogens (viruses, bacteria, and protozoa) in the 
wastewater are inspected or rendered inactive with the 
use of specific disinfection. This process’s main goal is to 
preserve the quality of the microbiological wastewater.

Ion Exchange: Softening is the main goal of the 
chemical treatment procedure. Because one charged ion 
is replaced by another similarly charged ion, this process 

is referred to as a reversible reaction. Put another way, 
sodium takes the place of polyvalent cations.

Advanced Wastewater Treatment 
Methods

Due to advancements in technology, several unique 
water treatment methods have been discovered. Here 
are some of the advanced wastewater treatment 
methods that have been discovered:

1. Desalinization

Desalinization plants use multi-stage flash distillation and reverse osmosis processes to turn ocean water into 
clean and fresh water. The processes make the water safe for human use and consumption by removing the salt in 
the water.

2. Sono Arsenic Filtering
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Sono arsenic filtering is a filtering technology that is designed to absorb groundwater, filter the arsenic out, and 
make it safe for human use. This filter is popular in some parts of Asian countries where clean and safe drinking 
water is not easy to get. The name of man that developed this filtering technology is Professor Abdul Hussam.

3. Life Straw

This is an advanced wastewater treatment method that removes contaminants as the water passes through it 
and makes it safe for human consumption. It allows users to easily drink from a lake or creek; just like they would 
drink with a standard straw.

4. Membrane Filtration Technology
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Membrane Filtration technology is quite different from the Sono filter and LifeStraw water treatment process. 
In membrane filtration technology, a low- or high-pressure membrane system is used to remove contaminants and 
toxins from the water via several processes like microfiltration, nanofiltration, ultrafiltration, and reverse osmosis.

5. Ultraviolet Irradiation Technology

Ultraviolet irradiation technology is an industrial waste water treatment method that removes contaminants 
from water by using UV light. This technology removes contaminants and purifies water, air, and surfaces by using 
the high-energy electromagnetic radiation in the spectrum [21].

Conclusion
The procedures and approaches utilized for 

sludge management and waste-water treatment have 
significantly improved and become more diverse as a 
result of the intensive study in this area. The impact 
of pollution on health is widely acknowledged to be 
the primary economic burden associated with water 
contamination; alternate techniques can be employed 
to distribute or treat the treated wastewater further. 

Owing to the nation’s growing economy, rapidly 
growing population, and ongoing demand, we require 
some sophisticated, well-equipped, reasonably priced, 
and readily producible approaches. The aforementioned 
method can be applied to any type of wastewater or 
natural water to eliminate pollutants and contaminants. 
The wastewater can then be recycled to lessen the strain 
on the nation’s economy, benefit the environment, and 
help to prevent water pollution indirectly.
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Introduction
The word environment has been derived from 

the French word ‘Environmer’ meaning thereby the 
surroundings or which encompasses the living organism 
and human beings viz. air, water, food, and light. In other 
word it is the sum total of the air, water, land and their 
relationship with organisms and human beings. The 
changing nature of environment may benefit or harm 
the living organisms which are present in it. That is why 
some of the species have vanished from the earth, for 
example, the dinosaurs. This change is natural. But man 
is also responsible for changing the face of the earth for 
his timely benefits, which has resulted in disasters. Such 
as the socio-economic problems can be understood and 
managed through the studies of education, sociology 
and economics. Laws help in enforcing environmental 
laws formulated by the government from time to time. 
Environmental science plays an important part in our 
daily life. It helps in solving the various issues which 
are arising in the environment very rapidly and without 
any checks. It is a burring topic at present.

Main Global Environmental Issues
The importance of environmental study in solving 

the environmental issues shall be clearer on the 
following points:

	 1.	 Global warming

	 2.	 Climate change

	 3.	 Environmental pollution

Database and Research Methodology
The present study was entirely based on the 

secondary data. Therefore, required data is collected 
from the different research, books, articles and 
published journals on the above topic. In the present 
research I tried to evaluate the causes, effect.

Global Warming
Global warming means the rise in the global 

temperature to a level which affects the life forms. 
The earth’s atmosphere contains group of gases known 
as ‘Greenhouse Gases’. The prominent greenhouse 
gases which are responsible for the increase in mean 
global temperature are water vapours, carbon dioxide, 
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methane, nitrous oxide, CFCs etc. The concentration of 
carbon dioxide in the atmosphere was 311p.p. mv in 
1957 which increased to 340p.p. mv in 1990 and 370p.p. 
mv in 2000. The destruction of forests and degradation 
of soils added an estimated 6 billion tones of carbon 
dioxide to the atmosphere. Methane is 50 times more 
powerful in trapping heat than carbon dioxide. Global 
warming has been nuisance to environmentalist in 
recent years. It has been affecting earth‘s oceans habitats 
and biodiversity over the years. Scientist have conducted 
experiments to understand the causes and effects of 
global warming and they have searched for solutions.

Effects of Global Warming
	 1.	 There will be a major shift in fish population 

from tropical to sub-tropical marine regions.

	 2.	 The plants and animal will be affected and this 
will disrupt the ecosystem.

	 3.	 Human health may also be affected as rising 
temperature expand the areas vulnerable to 
tropical diseases as malaria and dengue.

Control and Remedial Measures
	 1.	 International co-operation for reduction of 

greenhouse gases.

	 2.	 Minimizing the use of nitrogen fertilizer in 
agriculture for reducing N2O emissions.

	 3.	 Learn to adopt and accept the changing climate.

	 4.	 Developing substitutes for chloro fluoro 
carbons.

Climate Change
The variation in climate during historical time 

dating back to few thousand years, collectively called 
climate change. There are variations in occurring within 
a period of less than 30 to 35 years, a period used to 
calculate values of climatic norms. There variations are 
too rapid to be regarded as climatic change. A number 
of agriculture records kept in Europe since the Middle 
Ages have been used to infer the climate. Because 
wheat and wine are sensitive to temperature their crop 
histories provide valuable information on past climates.

Causes of Climatic Change
The climatic state at any given period depends on 

three crucial factors:

	 1.	 The manner in which this energy is distributed 
and absorbed over the Earth’s surface.

	 2.	 The nature of the interaction processes 
between the various component, which make 
the climatic system.

Solar Output Variation
As the sun is the main source of the earth’s energy, 

variation in solar output must be considered a likely 
cause of climatic change.

Human Activity
Humans of late have become one of the most 

important agents of climatic change. These changes 
manifesting either in increase of temperature, decrease 
of temperature, increase precipitation, desertification, 
acid rain, etc. all have different reasons. Global 
warming and climate change threaten the very 
existence of mankind; understanding the affects of each 
and implementing measures to save this planet are of 
dire urgency. Global warming has become a threat to 
everything and everyone on earth climate change is 
caused by many natural and manmade processes that 
continue to affect our environment.

Pollution
Environmental pollution is a serious problem. 

Pollution may be defined as an undesirable change in 
the physical, chemical or biological characteristics of air, 
water and land that may have lethal attack human life, 
the lives of other species, living conditions and cultural 
monuments or that may or will waste or deteriorate raw 
materials resource.

Air Pollution
Air pollution results from gaseous emission from 

industries, thermal power stations etc. most of the 
particle of air pollutants are product of burning of 
fuels. The presence of substance in the air in quantities 
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which can affect animal or plant life, human health 
and welfare, or can unreasonably interfere with life or 
property. Common pollutants include carbon dioxide, 
carbon monoxide, lead, nitrogen oxides, ozone smoke 
and Sulphur dioxide.

Water Pollution
It is the major problem of developing countries. 

Rivers emerging in India, China, Brazil, Indonesia, 
Mexico are facing water pollution. Ocean water is also 
facing this problem. Ocean water is also facing this 
problem. The problem of water pollution has affected 
the ground water.

Noise Pollution
Any unwanted sound is called as noise and the 

exposure to loud sound is annoying and harmful, 
the physiological manifestation of noise pollution are 
increase in rate of heart beat, constriction of blood 
vessels, and dilation of pupil of the eye. If a person is 
exposed in a situation of 90 dB over 8 hours it will cause 
headache.

Radioactive Pollution
Manmade sources of radioactive pollution are 

mining and refining of radioactive materials, production 
and explosion of nuclear weapons nuclear power plants 
and fuels and preparation of radioactive isotopes. All 
organisms including human are affected by radiation.

Soil Pollution
The soil pollutants include fertilizers, industrial 

wastes, mining wastes, salts, radioactive compounds, 
plastics, pesticides etc. Poisonous wastes render soil 
unfit for crop production. Increases in the concentration 
of salts adversely affect the soil productivity.

Solid Waste Management
Any useless, unwanted discarded material that is not 

a liquid or gas is referred as solid waste or refuse. The 
refuse materials such as newspaper, cotton pieces, food 
stuff, skin clothes, leather, old dress, fish etc. anything 
of solids produced by the humans is going to become 

a waste some time somewhere and somehow. It means 
waste material is produced as a result of human activity.

Types of Solid Waste
Solid waste can be classified into different types 

depending on their source.

	 1.	 Industrial waste as hazardous waste.

	 2.	 Biomedical waste or hospital waste as infections 
waste.

Municipal Solid Waste
Consists of house hold waste, construction and 

demolition debris, sanitation residue and waste from 
streets. This garbage is generally mainly from residential 
and commercial complexes.

Hazardous Waste
Industrial and Hospital waste is considered 

hazardous as they may contain toxic substances. Certain 
types of household waste are also hazardous.

Hospital Waste
Hospital Waste is generated during the diagnosis, 

treatment or immunization of human beings or 
animals or in research activities in these fields or in the 
production or testing of biological.

Health Impact of Solid Waste
	 1.	 Solid wastes from households are a serious 

health hazard and lead to the spread of 
infectious diseases.

	 2.	 Plastic waste is another cause for ill health.

	 3.	 Bone and muscle disorders resulting from the 
handling of heavy containers.

Recycling
Recycling refers to the removal of items from 

the waste stream to be used as raw materials in the 
manufacture ofnew products. Reduce the waste 
generation at sources reuse it by making some other 
useful product out of the waste.
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What you can do to reduce solid waste?
	 1.	 Carry your own cloth or jute bag when you go 

shopping.

	 2.	 Reduce the use of proper bags also.

	 3.	 Dig a compost pit in your garden and put all 
the biodegradable materials into it.

What you should not do?
	 1.	 Do not throw broken objects into the garbage 

without wrapping them first.

	 2.	 Do not allow water to collect in your garbage 
in.

	 3.	 Do not place needles and syringes in the 
garbage or leave them lying around.

Ozone Hole
Ozone is the most important constituent of earth’s 

atmosphere, through its share is very little ozone occurs 
naturally in the stratosphere, extending from 16-40kms. 
This upper layer is also known as ozone layer.

Significance
It is beneficial for the organism on earth because it 

strongly absorbs or prevents the ultra violet rays of sun 
and protects the life on earth.

The ozone layer is a layer in Earth’s atmosphere 
which contains relatively high concentration of Ozone 
(O3)

An interesting and profound aspect of ozone 
depletion is that it is a global problem caused by human 
activities. Many people hole was first discovered over 
Antarctica in 1985 and then above zone in 1990. The 
decline in spring time ozone layer thickness is known 
as Ozone hole. Since the 1950s, CFCs have been used in 
refrigerators in aerosol spray cans as cleaning solvents 
and as foam blowing agents. CFCs use in spray cans for 
hairspray, deodorant and paint was restricted in United 
States, Canada, Norway and Swedan. The Production 
of CFCs has steadily increased from the 1960s to the 
mid 1980s except for the ten years period directly 
after CFCs in aerosols were banned. The growing use 

of CFCs and the hypothesis that CFCs cause Ozone 
depletion prompted many nations of the world to sign 
the Vienna convention for the protection of the Ozone 
layer in 1985.

Causes of Depletion
	 1.	 Natural factors: Eruption of volcanoes large 

scale forest fire lightening.

	 2.	 Industrial compounds: like chloro-fluoro 
carbons, carbon Tetrachloride, Halons, Methyl-
Chloroform are main responsible factors.

Effects of Ozone Layer Depletion on Earth

A. Effects on Human and Animal Health
	 1.	 UV radiation is known to damage the cornea 

and lens of eye.

	 2.	 UV-B radiation can adversely affect the immune 
system.

	 3.	 It results in sun burn & snow blindness.

B. Effects on Terrestrial Plants
	 1.	 UV-B could affect the plant community

C. Effects on Aquatic Eco-System
	 1.	 UV-B can cause damage to early development 

stages of fish, shrimp, Crab, amphibians and 
other animals.

D. Effects on Climate Change
	 1.	 It causes global climate change by causing 

Greenhouse effect.

	 2.	 The climate impact of changes in Ozone 
concentration varies with the altitude at which 
these ozone changes occur.

Conclusion
Greenhouse gases act like a blanket for the 

troposphere and make the stratosphere colder. In other 
words, global warming can make ozone depletion 
much worse right when it is supposed to begin its 
recovery during the next century. By standing the 
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ozone hole phenomenon scientist have environmental 
change on a global scale and have an impact on the 
Earth’s future in the case of the ozone layer, steps have 
been taken to avoid further environmental problems 
by regulating human activities. Because the effect of 
releasing CFC is global issue, international protocols 
have been established in a cooperative effort for planet’s 
future. Currently we do not understand the details well 
enough to provide a full explanation or to predict what 
may occur in the future. As with the increasing amount 
of CO2 in the troposphere and how it relates to global 

warming. Intact, global warming, ozone layer depletion, 
pollution and solid waste all pose a serious threat to 
the quality of life on Earth. They are separate problems 
but as has been seen these are links between each. The 
use of CFCs not only destroys the ozone layer but also 
leads to global warming. To solve global environmental 
problem one need coordinated actions between 
countries. It is shown that such a policy will generally 
affect the outcome of international negotiations about 
reduced emissions.
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Introduction
Generation of waste is a natural phenomenon. 

Despite social, economic and environmental 
development, there is a long way to implement an 
effective solid waste management (SWM) practice. A 
substantial amount of municipal waste and industrial 
waste is extremely dangerous to the living organisms 
(Misra & Pandey, 2005). SW is expected to increase 
significantly in near future as India strives to attain an 
industrialized nation status (Sharma & Shah, 2005). 
Therefore, there is an urgent need to move to more 
sustainable SWM with new management systems and 
facilities. Developed countries manage their wastes with 
advanced facilities, competent government institutions 
and bureaucracies. Developing countries like India are 
still in the transition towards better waste management 
(WM). Current SWM systems having negative impact 
on public health, environment and economy need clear 
government policies and competent bureaucracies 
especially in countries having rapid population growth. 
This paper comprehensively reviews current status of 
WM in India and makes an attempt to track various 
issues concerning waste streams as on date.

Objectives of the Paper
The prime objectives of the study are to-

	 1.	 Present the current status of WM in India

	 2.	 Carry out analysis showing the reasons of 
improper WM

	 3.	 Offer suggestions to overcome the same.

Data and Research Methodology
The study basically depends on secondary data. The 

researcher, being an external analyst, has to depend 
mainly on current literature available on the issue in 
the form of books, journals, articles, research studies, 
websites, etc. for the examination of current status 
of WM. Editing, classification and tabulation of data 
collected from these sources have been done as per 
requirement of the study. Different statistical techniques 
and tools have also been applied for the purpose of the 
analysis.

Literature Survey
Sharholy et al., (2007) in their report over municipal 

solid waste management (MSWM) in Indian cities 
discussed about the different aspects of disposals and 
treatment of MSW. They suggested to work towards 
further improvement of the present system. Talyan et 
al., (2008) observed the policies and initiatives of the 
Government and Municipal Corporation of Delhi and 
suggested to improve the existing MSWM system. 
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Kumar & Goel, (2009) examined MSWM practices 
with various parameters. They proposed integrated 
SWM plan and augmentation in labor and vehicle 
inventory for better treatment and disposal facilities. 
Narayan (2008) in his report on landfills, incineration 
and composting practices in India from MSWM 
identified the most economical and best option possible 
to combat the waste disposal problem. Unnikrishnan & 
Singh (2010) focused on clean development mechanism 
(CDM) projects and the CDM opportunities in India 
and revealed in comparative study between Brazil and 
India that India does not have well designed sanitary 
landfills. India should make conscious efforts towards 
developing more scientific landfills, capture methane 
and take carbon credits. Vij (2012) in the report on 
SWM assessed the current practices of SW and the 
problems associated with it and suggested measures to 
conduct this waste in healthy and environment friendly 
manner to prove resource instead of waste.

Waste Management (Or WM) – Concept
‘Waste Management’ collectively means management 

of waste from its inception to its final disposal. Thus, 
WM includes collection, transport, treatment and 
disposal of waste along with its monitoring and 
regulation. All kinds of wastes, right from municipal 
waste to agricultural waste to hazardous residues and 
special wastes such as sludge, health care wastes come 
under one umbrella. Industrialization along with rapid 
urbanization witnesses building up of waste. Efficient 
WM implies full exploration for final disposal of waste.

Indian Scenario
India is suffering from acute increase in waste 

generation. Collection efficiency is not much developed. 
Crude dumping is practiced everywhere. Sound waste 
management can tackle waste production scientifically. 
Types of SW depend on its source, composition, phase, 
treatment, etc.

Statistics on Waste Generation and 
Waste Characterization

Estimating and forecasting of waste generation and 

its characteristics is fundamental to successful WM 
planning. India generates a large amount of SW per 
day; but collection and treatment is not enough. SW 
generation per capita in India ranges from about 0.17 kg 
per person per day in small towns to about 0.62 kg per 
person per day in cities (Kumar & Goel, 2009). Waste 
generation depends on population density, economic 
status, commercial activity, culture and region.

Waste Characterization Data
Waste composition has a significant impact on 

WM practices. Biomedical Waste (Management 
and Handling) Rule governs MSW which contains 
hazardous wastes, compostable organics waste, 
healthcare waste, etc. Households and inert waste from 
construction, demolition and road sweeping generate 
organic waste. Waste samples collected from different 
cities shows varied MSW composition. Average (%by 
weight) composition of MSW in Indian metro cities 
is found to be compostable (41), inert (40), paper (6), 
plastic (4), glass (2), metals (2), textile (4) and leather 
(1) respectively (Sharholy et al., 2007). Rag-pickers and 
recyclers of neighborhood in processing waste reduces 
waste headed to landfill and prevents rag-pickers from 
having to rummage through waste. Onus lies with the 
citizens. The citizens have to follow few basic steps 
in disposing waste such as collection, segregation, 
dumping, composting, drainage, treatment of effluents 
before discharge, etc.

Prediction on Future Waste Growth
Asia shares about one-third of expected world waste 

with major contributions from China and India by 2050. 
Waste in urban areas increase due to population and 
lifestyle. In 2011, urban India generated 47.30 million 
tons of waste and by 2036, it is predicted to be 131.2 
million tons, a fivefold increase.

Scenario of Waste Collection and 
Transportation

 Waste Management Rules under the Environment 
Protection Act has changed the atmosphere. Ministry 
of Environment and Forests (2015) and updated 
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published draft Rules have re-issued to ensure sound 
WM in India. Municipal authorities implement these 
rules and develop infrastructure for collection and 
waste disposal methods. Integration of the methods 
increases collection efficiency (Talyan et al., 2008). 
Many states like Gujarat, Maharashtra, Andhra Pradesh, 
Delhi, Tripura with local bodies and NGOs have taken 
initiatives to increase collection efficiently while states 
like Arunachal Pradesh, Nagaland are yet to comply 
with the MSW Rules and unscientific methods. Table-8 
exhibits waste collection of different states of India. 
Table 6 shows state-wise waste collection of India.

Waste Disposal Options
Waste disposal is at critical stage in India. Well-

engineered waste disposal saves public health and 
preserves key environmental resources.

Important disposal options available are:

i) Non-engineered Disposal
In many Indian cities, poorly managed and 

commonly practiced dumping give birth to acute 
environmental degradation and public health. Above 
90% of SW in cities and towns are directly disposed 
on land in an unsatisfactory manner (Sharholy et al., 
2008).

ii) Sanitary Land Filling
Sanitary land filling option avoids harmful effects 

of uncontrolled dumping, minimizes surface water and 
gas escaping from waste. Engineered landfill allows safe 
disposal of residual and reduces greenhouse gas (GHG) 
emissions and slope instability issues. However, land 
filling is the most widely adopted practice in India to 
ensure sanitary land filling (Kansal, 2002).

iii) Composting
Many largescale compost plants have been set 

up in major cities and towns. Compost has very high 
agricultural value.

iv) Incineration
In India, incineration is usually limited to hospital 

and other biological wastes for high organic material, 
moisture contact and low calorific value (Kansal, 2002; 
Bhide & Shekdar, 1998).

v)Vermicomposting Municipal Solid Waste
In this method, earthworms feeding on organic 

matters in SW convert into casting rich in plant 
nutrients.

vi) Reuse and Recycling of Waste Materials
Reuse and recycling minimize waste by converting 

discarded materials into useful products. Hierarchical 
Process having 3R’s, namely, Reduce, Reuse and Recycle 
is the cornerstone of WM strategies.

Challenges in India
Collection, segregation, insufficient land, dumping, 

unawareness, etc. are key issues and challenges in 
India. Simple dumping cannot mobilize financial 
resources for expensive technology. A closer look at 
the scenario reveals that waste needs to be treated 
holistically. Urban migration and density of population 
can make WM a difficult issue in future. Although 
there have been a variety of policy responses to the 
its problem, sustainable solutions to either organic or 
inorganic waste still remain unattended. Recycling is 
the most economically viable option for employment 
opportunity to the urban poor. Critical issues like 
industry responsibility, sustainable recycling and 
catalyzing waste reduction have not been touched upon 
sufficiently. Every kind of material used for packaging 
cannot be recycled in the low-end technology. Besides, 
safety provisions of the waste-pickers and workers are 
very poor. Modern technology can deal with urban 
waste problem. Developed countries are doing away 
with incinerators because of high costs. But developing 
countries have become potential markets for dumping 
such technologies.

Conclusion
Time has come to encourage technology-based 

entrepreneurship for effective WM. Authorities must 
protect fundamental rights of citizens and citizens 
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also must perform their fundamental duties to their 
best practices. Most of the populated areas show the 
picture of sadly managed and uncontrolled dumpsites. 
Lackadaisical attitude of the common people has 
compounded the problem and have left the entire 
responsibility to the civic authorities. Environmental 
degradation has led to unregulated use of environment 

and its wide spread. Absence of complete market makes 
use of alternative method essential to find solution for 
the environmental issues. In fact, implementation of 
environment laws is yet to impact on ecosystem and, 
therefore, on the health and living conditions of the 
citizens.
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Introduction
According to United Nations Economic and Social 

Commission for Asia and Pacific, the population in 
Asia-Pacific region has crossed 4 billion and that makes 
more than 60% of the world population (ESCAP 2008). 
The most populous countries of the world are also in 
this region as China and India shares the first two 
places with 1.3 and 1.2 billion people respectively and 
only these two countries is the home of more than 60% 
of the population of the region. In these two countries 
population and economic growth, are the major factors 
for enormous amounts of waste generation and its 
rapid growth during the last decade. Wastes can also 
be classified into different types like the Solid waste 
and hazardous wastes, non-hazardous industrial waste, 
construction and demolition, and agricultural waste, 
plastic-waste, E-waste. Hazardous waste covers all 
these sectors as well as healthcare sector. The largest 
contributor for hazardous waste is industrial sector. 

These wastes pollute the environment leading to climate 
change, stratospheric ozone depletion, and biodiversity 
loss. Therefore, to combat it human beings all over the 
world have realized that we must first reduce the waste 
production, optimise the scarce resources, reduce, 
recycle and reuse the waste products. This is generally 
known as the principle of 3R’s which is being followed in 
the most of the developed and developing nations. Many 
laws and regulations are passed by different countries 
to make the people realize that if implementation of 
the steps for environment protection is not taken then 
they will be penalized as per the applicable laws. It is 
mankind’s solemn duty that we leave behind a greener 
and cleaner environment for the future generation.

In India, National Environment Policy 2006 [1] lays 
stress on adoption of clean technology, encouraging 
reuse and recycling, strengthening informal sector, 
establishing system for collection and recycling of 
materials, environmentally safe disposal.
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Charter on Corporate Responsibility for 
environment Protection (CERP) provides for a 
commitment for partnership and participation of 
various stake holders in complying with the regulations 
and to extend beyond compliance by reducing the 
pollution in highly polluting sectors.

There is also a Registration scheme for Recyclers/ 
Re-processors and actual users of hazardous Wastes. 
Rules are framed to prevent illegal import and dumping 
of hazardous waste in India as for recycling of E-waste 
and rules for controlling import of E-waste received in 
the country in the name of donations or charity.

The Laws and Regulations for Protecting the 
Environment in India are: 
	 1.	 Water (Prevention and Control of Pollution) 

Act, 1974

	 2.	 Air (Prevention and Control of Pollution) Act, 
1981

	 3.	 Environment (Protection) Act, 1986

	 4.	 Hazardous Wastes (Management &Handling) 
Rules, 1989, 2000, 2003

	 5.	 Manufacture, Storage, and Import of Hazardous 
Chemicals, Rules 1989,

	 6.	 Chemical Accident (Emergency Planning, 
Preparedness and Response) Rules, 1996

	 7.	 Bio-medical Wastes (Management &Handling), 
Rules 1998 Plastics Manufacture and Usage and 
Waste Management Rules 1999

	 8.	 Municipal Solid Wastes (Management 
&Handling) Rules2000 Batteries (M&H) Rules, 
2001

	 9.	 The E-waste (Management and Handling) 
Rules, 2011, 2012 

	 10.	 The Plastic Waste (Management and Handling) 
Rules, 2011 

	 11.	 The Hazardous Wastes (Management, Handling 
and  Trans boundary Movement) Rules, 2008

	 12.	 National Green Tribunal Act, 2010.

	 13.	 The Ozone Depleting Substances (Regulation 
and Control) Rules, 2000.

Indian waste management rules are founded 
on the principles of “sustainable development”, 
“precaution” and “polluter pays” It has been reflected 
in many decisions given by The Supreme Court of 
India. The Planning Commission has identified twelve 
Strategy Challenges for the 12th Plan Approach Paper. 
“Managing the Environment and Ecology”.

Important Points Mentioned are – 
Mitigation and Adaption Strategy for 
Climate Change

The two key challenges that have to be addressed 
by various stakeholders in the short term on Climate 
Change are:

	 1.	 Ensuring, involvement of various stakeholders, 
including the State Governments, in 
implementing the National Action Plan for 
Climate Change (NAPCC), and Achieve a 
low-emission sustainable development growth 
model using a voluntary approach.

	 2.	 The strategy/ guidelines of NDMA be modified 
to draw up regional disaster preparedness and 
mitigation plans, which should also address pre 
and post disasters migrations.

	 3.	 States need to prepare the State Level Action 
Plan for Climate Change (SAPCC) within a 
time frame, which can be dovetailed with the 
NAPCC.

	 4.	 The importance given by India to ‘Climate 
Change ‘ and its effect on environment can 
be felt when one sees the change in name of 
the Central Government ministry from MOEF 
(Ministry of Environment and Forests) to 
MOEFCC (Ministry of Environment, Forests 
and Climate Change).

Waste Management and Pollution 
Abatement Waste Management
	 1.	 Encourage 3R’s (Recycle, Reuse, Reduce) and 
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also Remanufacture and co-processing of 
Hazardous Waste for recovery of energy

	 2.	 Incentivize public-private partnership for 
creating the required infrastructure for Setting 
up of Treatment Storage and Disposal Facilities 
(TSDF) for hazardous waste management 
across the country.

	 3.	 Ensure Segregation of Bio-medical wastes as per 
existing rules and the infectious and hazardous 
wastes treated in dedicated facilities. Common 
facilities be setup.

	 4.	 Enhance recycling facilities for E-wastes in the 
country.

	 5.	 Ensure Municipal Solid Waste segregation, 
collection and setting up of facilities for 
complete disposal. Where ever possible 
recycling and processing has to be ensured 
during the 12th Plan to protect our people and 
the environment

	 6.	 Green belt for dust and Noise abatement and 
odour mitigation is considered essential.

Water Environment
The key challenges for maintaining acceptable water 

quality and quantity across the country are: -Water 
Pollution and overuse; Indiscriminate use of Wetland/
lakes, Agricultural run-offs as residual fertilizer, 
pesticides and feedlot wastes. Following is suggested

	 1.	 Improve coverage and efficiency of sewage 
treatment systems, encourage use of low-
cost decentralized measures for treatment of 
wastewater e.g. use of microbes for sewage 
treatment in open drains.

	 2.	 Clean critical rivers state wise and all polluted 
rivers in the country by 2020.

	 3.	 No Net loss (NNL) of wetlands acres be set as 
the goal and a system of permits be introduced 
to provide replacement wetlands.

	 4.	 A National Action Plan to remediate 
contaminated sites be drawn up.

	 5.	 Massive Plantation drives, including other 
methods for recharging ground water levels be 
propagated

Conclusion
After comparing the different laws and regulations 

followed in some of the countries and the different 
bilateral agreements, International Agreement, we are 
of the view there still lot of improvement needed in 
our laws and regulations. Some new laws should also 
be enacted

Suggestions for Improvement to Laws and 
Regulations in India
	 1.	 Law Commission should recommend to the 

Government for adoption of the good and 
suitable provision form laws of other countries 
like Japan, US or European countries who have 
well established laws and regulations.

	 2.	 Further laws should be passed for recycling and 
also making it compulsory for the producers of 
the electrical and electronic appliances, vehicles 
to take back appliances and vehicles after the 
end of the life of such items. News laws for 
vehicle/ electronic/electrical appliance use and 
End of life of vehicle/ electronic /electrical 
appliances should be passed

	 3.	 Many of the countries have recycling laws. 
Under the law many states pay some amount 
e.g.10 cents for depositing empty beverage 
bottles. The waste is thus collected and 
immediate payment is made to the person 
depositing waste or empty glass bottles, plastic 
cans etc at the retail shops.

	 4.	 Recycling can also be promoted by refunding 
money to persons depositing plastic bottles, 
cans, glass bottles. New Recycling Laws can be 
passed making it compulsory to manufactures 
of the products to collect the waste /empty 
bottles, cans etc and pay the refund deposit 
immediately. The system can be made applicable 
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to all retail shops /malls where the products are 
being sold.

	 5.	 Incentives should be provided for conduction 
of research and innovation contributing to 
pollution free environment and production of 
reusable, and parts which can be recycled into 
new products

	 6.	 Central laws should be enacted for all states to 
bring uniformity in the definition of offences 
and fines and penalties clauses

	 7.	 Local regulations should be enacted for building 
smart cities with clear national and state level 
policies on prevention of detrimental effects 
of construction and production of harmful 
pollution and all types of waste by future 
human settlement.

	 8.	 Use of solar energy for purer and cleaner air 
should be promoted

	 9.	 All the State Governments, the Municipal 
Corporations, Gram panchayats and other 
local bodies should make rules and regulations 
promoting cleanliness drives in the our country 
of all water bodies like lake, rivers, well seas. 
And also cleansing land areas by managing all 

types of wastes to enhance greener and cleaner 
environment

	 10.	 Creating awareness and active participation of 
people is the real challenge to proceed towards 
goals of achieving greener environment

	 11.	 Implementation of the laws and regulations 
should be done in a transparent manner.

	 12.	 Government should also appreciate the 
efforts taken by citizens, Non-Governmental 
Organizations, Public or Private enterprises, 
company by instituting awards, prizes, 
certificates who contribute to implement the 
laws and regulations of green environment.

	 13.	 Land for waste collection NIMBY (Not in My 
Back Yard) even at local levels at urban cities 
or villages level is a very difficult and serious 
problem faced in India hence research and 
surveys should conduct to study how other 
countries who also faced such difficulties and 
have overcome the same.

	 14.	 In India implementation of all the law should 
be done rigorously and punishing the offenders 
should be ensured to further deter any one 
from committing any offence.
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Introduction
Managing the water and wastewater is among the 

primary affairs containing a considerable challenge 
in the most of populated countries [1]. In context of 
the Water Framework Directive (WFD), safeguarding 
water resources will be crucial in future [2]. By 
monitoring water bodies, the WFD aims to maintain 
appropriate water quality in all continental waterways 
[3]. Additionally, according to the WFD, the ecological 
condition of surface waters is determined using an 
integrated assessment method that takes into account 
hydrological, physicochemical, and biological criteria 
[4]. Data on the status of aquatic ecosystems are 
provided by each quality metric in a different way [5]. 
The development of the latest treatment techniques as 
well as the upgrade of current systems is now driven 
by global population changes as well as recent strict 
laws for wastewater treatment plants (WWTPs) [6]. 
Furthermore, different alternatives for WWTPs have 
varying levels of effectiveness at different therapeutic 
levels, and as a result, variable direct environmental 
effects [7]. These factors need thorough environmental 
assessments inside wastewater treatment plants in order 

to fulfil particular treatment requisites with respect to 
environmental consequences [8].

Additionally, wastewater treatment technology 
needs to be developed to lessen the impact of eliminating 
untreated wastewater on the environment [9]. Different 
wastewater treatment methods have different effective 
characteristics, and they also have different direct 
effects on the environment [10]. Most wastewater 
treatment facilities use a lot of energy, and some of 
their systems require a lot of space [11]. Furthermore, 
wastewater evacuation without proper treatment may 
cause environmental pollution and endanger human life 
[12]. The industrial zones shall be established in a way 
that minimize environmental concerns. For instance, 
industrial wastewater production is a massive issue, 
which should be removed [13]. Accordingly, it can be 
said that wastewater treatment is essential affair and to 
satisfy environmental standards; the performance of 
treatment plants must be evaluated constantly due to 
the changeable nature of parameters [14]. It is important 
to measure inputs and manage the effluent quality of 
treatment plants properly. Some of the parameters that 
use to evaluate the performance of treatment plants 
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are biological Different wastewater treatment methods 
have different efficiency characteristics, and they also 
have different direct effects on the aquatic environment. 
Oxygen demand (BOD), chemical oxygen demand 
(COD), total suspended solids (TSS), total dissolved 
solids (TDS) and PH.

Importance of the proper monitoring of the 
wastewater characteristics due to environmental 
concerns has increased the demand for the facile 
and feasible procedures for measuring wastewater 
parameters. Moreover, there are difficulties with sludge 
sedimentation and bacterial analysis which increase the 
necessity of developing other evaluating parameters 
than sludge volume index (SVI) and total suspended 
solids (TSS). Furthermore, various sedimentation 
values comprising sludge quality index (SQI), diluted 
sludge volume index (DSVI), initial sedimentation 
velocity (ISV), stirred specific volume index (SSVI), 
and modified sludge index (IVF) require meticulous 
dilution and elaborative instrument to measure. 
Accordingly, utilization of the proper intelligent models 
for measuring these parameters could contribute to 
the better monitoring of the wastewater parameters 
and consequently increase a quality of effluent. 
Likewise, Mungray and Patel studied on wastewater 
entering USAB and ASP systems to find a relationship 
between TSS parameter with total coliforms (TC) and 
faecal coliforms (FC) [15]. Kazmi et al. evaluated the 
active sludge systems in different cities in India and 
the amount of correlation coefficient (R2) between 
TSS parameters with TC and FC were 0.72 and 0.75, 
respectively. In this study, mathematical and statistical 
models, especially regression methods, are used to 
estimate the EC conversion factor to TDS in different 
seasons and to predict the amount of total suspended 
solids (TSS) in raw sewage to treatment plants of Tous 
Industrial Zone, Mashhad, Iran.

Material and Methods
The method used in this study are divided into 

three sections such as statistical data collection, 
mathematical calculation and designing prediction 

models. The method of data collection is based on the 
statistical obtaining the real data from the wastewater 
treatment plant and mathematical analysis according to 
the following sections:

1. Statistical Studies of Wastewater Treatment 
Plant

In this part, the results of practical experiments 
performed at Tous wastewater treatment plant 
(WWTP) were collected, classified and verified. EC 
values were collected at the different temperature and 
various season of the year. The data were then used for 
calculation of the dependent variables in the WWTP.

2. Calculating the EC Conversion Factor to TDS
According to studies by Metcalf and Eddy, there 

is always a logical relationship between EC and TDS 
described in equation 1 [16]. According to the equation 
1, the TDS has a direct temperature-dependent 
correlation with the collected EC.

		  TDS = K * EC

		  0.55 ≤ K ≤ 0.9 (in T= 25 °C),

		  K = F (Temperature °C)		     (1)

3. Designing TSS Prediction Models
Functions are designed to predict the raw sewage 

TSS, using regression analysis and fitting curves. There 
is no logical relationship between TDS (calculated 
from EC) and TSS but this relationship can be noticed 
between TS and TDS as well as TS and TSS. Therefore, 
TS and TSS can be predicted by EC determination.

Results and Discussion
Tous Industrial Zone has two entrances related to 

phases І and ІІ. Results have shown that values of K 
factor in the entrance of plant phase І in spring, summer 
and fall are 0.5, 0.49 and 0.61 and for entrance phase ІІ 
are 0.58, 0.5 and 0.58, respectively. Results of statistical 
analysis and fitting curves are shown in Figure 1 and 
Figure 2.
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Figure 1. Determining K factor in different seasons for entry І (from left to right: spring, summer, fall)

Figure 2. Determining K factor in different seasons for entry ІІ (from left to right: spring, summer, fall)

As it is mentioned, determining the relationship 
between TS and TDS can only be achieved by measuring 
the EC of the raw sewage into the plant from entries 
І and ІІ, then estimate the total solids (TS) and total 
solids suspensions (TSS).

Conclusion
Total suspended solids (TSS) are an important 

parameter in treatment plants and plays a significant 
role in estimating the amount of produced sludge, 

aeration rate of the diffusers and identification of the 
wastewater indicator bacteria such as total coliforms 
(TC) and faecal coliforms (FC). Estimating the amount 
of TSS with easier methods would be a great help for 
the treatment plants system. This research represented 
a meaningful correlation between EC and TDS. 
Furthermore, the amount of TS can be estimated from 
TDS using statistical and regression analysis and, in the 
end, TSS can be calculated.
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Introduction
Solid waste management is a critical global 

concern, and India grapples with this issue as well. 
With its massive population exceeding 1.3 billion, India 
generates a staggering 62 million tonnes of solid waste 
annually, making it as the world’s third-largest waste 
generator (Sharma et al., 2021). Rapid urbanization, 
population growth, and changing consumption 
patterns in India have magnified the challenge of solid 
waste management. Over the years, India’s solid waste 
management practices have evolved. Traditionally, 
waste disposal involved open dumping and burning, 
leading to severe environmental contamination and 
health hazards. The inefficient management of solid 
waste has led to several environmental problems .Poor 
disposal practices and insufficient waste treatment 
contribute to pollution fair, water, and soil, causing harm 
to ecosystems and human health (Mohan and Joseph). 
Accumulation of waste in landfills and dumping it seem 
its green house gases and contaminates groundwater, 

worsening environmental degradation. Additionally, 
improper waste disposal contributes to the spread 
of diseases, including vector-borne and respiratory 
illnesses (Mainul, 2019). The consequences are not only 
environmental but also social and economic, affecting 
the overall well-being and quality of life.

Addressing the challenges of solid waste 
management in India requires comprehensive strategies 
encompassing waste reduction, segregation, collection, 
treatment, and disposal. Sustainable waste management 
practices not only reduce pollution and health risks but 
also offer opportunities for resource recovery, energy 
generation, and employment (Sharma et al., 2021). 
These practices are vital formitigating the adverse 
effects of waste on natural resources, ecosystems, and 
human health. By utilizing suitable waste treatment 
techniques, harmful pollutants can be prevented from 
contaminating air, water and soil. This safeguarding 
of natural resources also extends to water bodies, air 
quality, and soil health.

SOLIDWASTE MANAGEMENT IN INDIAN SCENARIO: 
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ABSTRACT
This research paper presents a comprehensive review on solid waste management from an Indian 
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Moreover, it highlights opportunities for sustainable waste management, including integrated waste management 
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Moreover, sustainable waste management aligns 
with circular economy principles by promoting 
recycling and reuse, thereby conserving resources 
and reducing environmental impacts. Effective waste 
management also contributes to climate change 
mitigation. Technologies that convert waste to energy 
and methods to reduce methane emissions from 
landfills aid in reducing greenhouse gas release, 
mitigating climate change. Furthermore, proper waste 
management significantly impacts public health. 
Ensuring appropriate waste collection, treatment and 
disposal minimizes risks associated with water borne 
and vector-borne diseases, along with respiratory 
ailments linked to improper waste practices (Nor 
Faiza et al., 2019) Overall, the significance of effective 
waste management for environmental sustainability 
and public health cannot be overstated. By reducing 
pollution, conserving resources, mitigating climate 
change and safeguarding public health, sustainable waste 
management practices pave the way for a healthier and 
more sustainable future for India and its communities. 
Thus, to address the challenges and potential impacts 
of solid waste management in India, comprehensive 
research and analysis are necessary. This study aims 
to provide an in-depth understanding of the current 
state of solid waste management in India   identify key 
issues and challenges, and explore potential solutions 
for achieving sustainable waste management practices.

Materials and Methods
The methodology employed in his comprehensive 

review on solid waste management in India involved 
a systematic approach to gather relevant data, analyze 
information, and draw meaningful conclusions. 
To achieve the objectives of the study, a thorough 
literature review was conducted. A comprehensive 
search strategy was developed to identify relevant 
research articles, reports, government publications, and 
other reliable sources of information related to solid 
waste management in India. Various online databases, 
including academic journals and research repositories, 
were searched to collect primary and secondary data.

The collected data encompassed a wide range of 

aspects related to solid waste management in India 
and data were extracted and organized systematically 
for further analysis. The analysis of the collected data 
involved a combination of qualitative and quantitative 
approaches. Qualitative analysis was performed to 
identify key themes, trends, and challenges in solid 
waste management practices in India. This included 
synthesizing information from various sources, 
identifying common patterns and critically examining the 
strengths and weaknesses of existing waste management 
systems. Quantitative analysis was conducted to assess 
waste generation rates, composition, and trends over 
time. This involved analyzing available data sets, 
conducting statistical calculations, and generating 
descriptive statistics to provide a comprehensive 
understanding of the quantitative aspects of solid waste 
management in India.

Overview of Solid Waste Management
Definition, Types and Composition of Solid 
Waste

Solid waste refers to any discarded or abandoned 
material that is not liquid or gaseous. In the context 
of solid waste management, it is important to 
understand the different categories of waste and their 
characteristics. one of the major categories of solid waste 
is municipal solid waste and the composition of can 
vary significantly based on factors such as population 
density, socioeconomic conditions, and cultural 
practices within a region. Industrial wastes include 
hazardous substances, such as chemicals, heavy metals, 
and toxic materials, which require special handling and 
treatment to prevent environmental pollution and public 
health risks. Biomedical waste includes potentially 
infectious and hazardous materials, such as discarded 
medical equipment, sharps pathological waste, and 
pharmaceutical waste. Understanding the composition 
and characteristics of different types of solid waste is 
essential for designing appropriate waste management 
strategies and selecting Suitable treatment technologies. 
Additionally, proper segregation, handling, and disposal 
of biomedical waste are crucial to prevent the spread of 
diseases and protect the environment.
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Table 1. Types and Composition of Solid Waste

Types Composition of Solid Waste
Solid Waste Refers to any discarded materials that are not liquid or gaseous and are managed as 

waste. It includes household commercial, and industrial waste.
Municipal Solid Waste Waste generated from households, hotels, markets, offices, institutions, and other non 

industrial sources. It comprises organic waste, paper, plastics, glass, metals, and other 
miscellaneous items.

Industrial Waste Generated by manufacturing and industrial processes. It includes hazardous and non-
hazardous waste, such as chemicals, solvents, metals, and by-products from Industrial 
activities.

Biomedical Waste Waste generated from health care facilities, such as hospitals, clinics, and research 
centers. It includes infectious waste, pharmaceutical waste, sharps, and Pathological 
waste.

Construction Waste Generated during construction, renovation, or demolition activities. It includes 
Materials like concrete, bricks wood metals plastics, and packaging waste.

Electronic Waste Also known as e-waste, it comprises discarded electronic devices such as Computers   
mobile phone televisions and other electrical equipment.

Hazardous Waste Waste that poses substantial risks to human health or the environment due to its 
Chemical or physical properties. Examples include toxic chemicals, pesticides, and 
radioactive materials.

Agricultural Waste Generated from agricultural activities, such as crop residues, animal waste, 
Agrochemicals, and packaging materials used in farming.

Source: Compiled by the researchers from different literatures.

Solid Waste Management Practices
Solid waste management practices encompass 

a range of techniques and approaches aimed at 
minimizing waste generation, promoting resource 
recovery, and ensuring proper disposal of residual waste. 
These practices can be categorized into conventional 
and innovative waste management techniques. 
Conventional waste management techniques typically 
involve the collection, transportation and disposal of 
waste. These include methods such as open dumping 
land filling, and incineration. Open dumping, the most 
basic and leads environmentally friendly method, 
involves the uncontrolled disposal of waste in open 
areas, leading to environmental pollution and health 
hazards. In recent years, there has been a shift towards 
innovative waste management techniques that focus 
on the waste hierarchy principle. The waste hierarchy 

follows the order of priority for waste management, 
including reduction, reuse, recycling recovery a 
disposal. Innovative waste management practices focus 
on maximizing resource recovery and minimizing 
environmental impact. This includes advanced waste 
segregation techniques to separate recyclable materials 
from waste streams, decentralized composting and 
vermicomposting for organic waste treatment, and the 
promotion of circular economy principles to encourage 
the reuse and recycling of materials. Adopting innovative 
waste management practices aligned with the waste 
hierarchy is essential for achieving environmental 
sustainability and resource conservation. By prioritizing 
waste reductionreuse and recycling, countries like India 
can minimize waste generation, reduce dependence 
on landfills, conserve natural resources, and mitigate 
environmental pollution.
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Current Status of Solid Waste 
Management in India
1. Legal and Policy Framework

The effective management of solid waste in 
India is supported by a legal and policy framework 
that includes national and state-level policies and 
regulations. The central legislation governing solid 
waste management in the country is the Solid Waste 
Management Rules (SWM), 2016, enacted under 
the Environment (Protection) Act, 1986. These 
rules provide a comprehensive framework for waste 
management practices, including waste segregation, 
collection, transportation, treatment, and disposal. 
At the national level, the Ministry of Environment, 
Forest and Climate Change plays a crucial role in 
formulating and implementing policies related to solid 
waste management. The MoEFCC has released various 
guidelines and initiatives to promote sustainable waste 
management practices, such as the Swachh Bharat 
Mission and the National Clean Air Program. These 
initiatives aim to address the challenges associated with 
waste management and improve the overall cleanliness 
and environmental health of the country.

Despite the existence of a legal and policy 
framework, there are challenges in the implementation 
and effectiveness of solid waste management regulations 
in India. One of the major challenges is the gap between 
policy formulation and actual implementation on the 
ground. Inadequate infrastructure, lack of resources, 
and limited technical capacity pose significant hurdles 
in achieving the desired outcomes of waste management 
policies. Another challenge is the involvement of 
multiple stakeholders, including municipal authorities, 
waste collectors, informal waste pickers, and the general 
public. Coordinating and integrating the efforts of 
these diverse stakeholders is crucial for effective waste 
management but often requires capacity building and 
awareness programs.

2. Waste Generation and Composition
According to a study conducted by the Central 

Pollution Control Board (CPCB) in 2020-21, 
India generates approximately 58,406,468.5 tons of 
municipal solid waste (MSW) annually (Table2) with 
percapita119.07gm/day solid waste generation (Table3). 
This vast quantity of waste poses significant challenges 
for waste management infrastructure and systems 
across the country.

Table 2. Statistics of Solid Waste Management Status in Different States in India

S. 
No.

State Solid waste 
generated 

(TPD) 2010

Solid waste 
generated 

(TPD)

Collected 
(TPD)

Treated 
(TPD)

Land 
filled 

(TPD)

Growth 
Rate (%)

1. Andhra Pradesh 11500 6898 6829 1133 205 – 40.04
2. Arunachal Pradesh 94 236.51 202.11 Nil 27.5 151.17
3. Assam 1146 1199 1091 41.4 0 4.62
4. Bihar 1670    4281.27   4013.55 Not 

provided
No 156.04

5. Chhattisgarh 1167 1650 1650 1650 0 41.34
6. Goa 193 226.87 218.87 197.47 22.05 17.53
7. Gujarat 7379 10373.79 10332 6946 3385.82 40.63
8. Haryana 537 5352.12 5291.41 3123.9 2167.51 896.86
9. Himachal Pradesh 304 346 332 221 111 13.82
10. Jammu & Kashmir 1792 1463.23 1437.28 547.5 376 – 18.34
11. Jharkhand 1710 2226.39 1851.65 758.26 1086.33 30.17
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12. Karnataka 6500 11085 10198 6817 1250 70.54
13. Kerala 8338 3543 964.76 2550 Not 

Provided
– 57.51

14. Madhya Pradesh 4500 8022.5 7235.5 6472 763.5 78.17
15. Maharashtra 19204 22632.71 22584.4 15056.1 1355.36 17.83
16. Manipur 113 282.3 190.3 108.6 81.7 149.20
17. Meghalaya 285 107.01 93.02 9.64 83.4 – 62.58
18. Mizoram 142 345.47 275.92 269.71 0 143.92
19. Nagaland 188 330.49 285.49 122 7.5 75.54
20. Odisha 2239 2132.95 2097.14 1038.31 1034.33 – 4.74
21. Punjab 2794 4338.37 4278.86 1894.04 2384.82 55.21
22. Rajasthan 5037 6897.16 6720.476 1210.46 5082.16 36.87
23. Sikkim 40 71.9 71.9 20.35 51.55 79.75
24. Tamil Nadu 12504 13422 12844 9430.35 2301.04 7.34
25. Telangana NA 9965 9965 7530 991 NA
26. Tripura 360 333.9 317.69 214.06 12.9 – 7.25
27. Uttarakhand 752 1458.46 1378.99 779.85 - 93.72
28. Uttar Pradesh 11585 14710 14292 5520 0 26.87
29. West Bengal 12557 13709 13356 667.6 202.23 9.19
30. Andaman and Nicobar Islands 50 89 82 75 7 78.00
31. Chandigarh 380 513 513 69 444 34.74
32. DDDNH 41 267 267 237 14.5 551.22
33. Delhi 7384 10990 10990 5193.57 5533 48.24
34. Lakshadweep 21 35 17.13 17.13 Nil 66.67
35. Puducherry 380 504.5 482 36 446 32.76

TOTAL 127485 160038.9 152749.5 79956.3 29427.2 25.45

Source: CPCB2010-112020-21.

Table 3. Solid Waste Generation Per Capita

Year Solid Waste Generation 
Per Capita (gm/day)

2015-16 118.68
2016-17 132.78
2017-18 98.79
2018-19 121.54
2019-20 119.26
2020-21 119.07

Source: CPCB 2020-21.

The composition of solid waste in India varies across 
regions and urban-rural divides. However, certain waste 

streams are consistently observed to make significant 
contributions. Organic waste including food waste 
and garden waste constitutes substantial portion of the 
waste generated in India. It is estimated to account for 
around 50-60% of the total waste generated. This high 
percentage of organic waste highlights the potential 
for composting and biogas generation as sustainable 
waste management practices. Plastic waste is another 
major component of the waste stream. India has been 
grappling with a significant plastic waste problem, with 
single-use plastics and pack aging materials contributing 
a significant portion of the waste generated. The study 
conducted by Ahluwalia and Patel (2018) reveals certain 
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trends in waste composition based on population range. 
In cities with a populationrangeof0.1to0.5 million, paper 
constitutes the highest percentage at 2.91%, followed by 
compostable material at 44.57% and inert material at 

43.59% (Fig. 1). Leather, rubber, and synthetics, glass, 
and metal have relatively smaller percentages in this 
population range (Table 4).

Table 4. Physical Composition of Municipal Solid Waste in India

Population Range 
(in million)

Number 
of Cities 
Surveyed

Paper (%) Leather, 
Rubber, 

and 
Synthetics 

(%)

Glass (%) Metal (%) Compostable 
Material (%)

Inert 
Material 

(%)

0.1 to 0.5 12 2.91 0.78 0.56 0.33 44.57 43.59
0.5 to 1.0 15 2.95 0.73 0.56 0.32 40.04 48.38
1.0 to 2.0 9 4.71 0.71 0.46 0.49 38.95 44.73
2.0 to 5.0 3 3.18 0.48 0.48 0.59 56.57 49.07
5.0 and above 4 6.43 0.28 0.28 0.80 30.84 53.90

Source: Ahluwalia and Patel, 2018.

Fig. 1. Physical composition of municipal solid waste in India, 2018

Collection and Transportation
Efficient and systematic waste collection and 

transportation are crucial components of solid waste 
management. In urban areas, MSW collection is 
primarily carried out by municipal corporations or local 
government bodies. The collection process involves 
the deployment of waste collection vehicles, such as 
compactors, tricycles, or pushcarts, to collect waste from 

households, commercial establishments, and public 
spaces. The collected waste is then transported to transfer 
stations or directly to treatment and disposal facilities. 
The coverage and efficiency of waste collection systems 
in urban areas vary significantly across cities. Larger 
cities generally have more established waste collection 
infrastructure and better coverage compared to smaller 
towns and peri-urban areas. However, even in urban 
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areas, challenges persist. Limited financial resources 
inadequate infrastructure and population growth pose 
significant challenges to achieving comprehensive 
waste collection coverage. Furthermore, the presence 
of narrow and congested streets, informal settlements, 
and high-rise buildings can make waste collection and 
transportation more challenging. In rural areas waste 
collection and transportation systems are often less 
organized and rely on decentralized approaches. The 
responsibility for waste collection is shared among 
households, local communities, or panchayats (village-
level local self-government institutions). In some 
cases, waste    collection is carried out by informal 
waste pickers who collect recyclable materials for the 
livelihoods. The collected waste is often transported 
to open dumping sites or disposed of in nearby open 
areas, posing environmental and health risks.

Waste Disposal and Treatment Methods
In India, various disposal and treatment practices 

are employed, including land filling, incineration, 
composting, and recycling. Land filling is the most 
common method of waste disposal in India, particularly 
in urban areas. However, the environmental impact 
of land filling is a matter of concern. To mitigate 
these impacts, modern land filling techniques such as 
engineered landfills with liners and leach at collection 
systems are being implemented in some regions. 
However, the adoption of incineration in India is limited 
due to concerns over air pollution, emission of toxic 
pollutants, and the high capital and operational costs 
associated with the technology. Composting is a widely 
practiced waste treatment method in India, particularly 
for organic waste. Community-level composting 
initiatives and decentralized composting facilities are 
being promoted in many cities and towns to encourage 
waste segregation at source and the utilization of 
organic waste for sustainable agriculture Recycling is 
an important component of solid waste management in 
India. The recycling industry in India has experienced 
significant growth in recent years. However, challenges 
such as inadequate collection systems, poor quality 
segregation, and lack of awareness among the public 

still persist. Each waste disposal and treatment method 
have its own environmental and social impacts.

Challenges in Solid Waste Management
1. Infrastructure and Resource Constraints

One of the significant challenges in solid waste 
management in India is the inadequate infrastructure 
and resource constraints. Many cities and towns in India 
lack adequate waste collection vehicles, waste treatment 
and disposal facilities, and recycling infrastructure. 
Insufficient infrastructure hampers the efficient 
collection, transportation, and treatment of waste, 
leading to inadequate waste management practices. 
Financial constraints play a significant role in limiting 
the development and maintenance of waste management 
infrastructure. Limited financial resources often result in 
delays or compromises in the implementation of waste 
management projects. Technical constraints encompass 
technological limitations and the need for specialized 
knowledge and skills. However, there is a shortage of 
skilled personnel and technical experts in the field of 
waste management posing challenges in adopting and 
implementing innovative waste management practices.

Human resource challenges also contribute to the 
constraints in solid waste management. The efficient 
management of waste requires trained personnel, 
including waste collectors, supervisors, engineers, 
and administrative staff. However, there is a shortage 
of trained personnel in many waste management 
departments. In addition, the lack of awareness and 
proper training among waste handlers and the public 
regarding waste segregation and proper disposal 
practices further complicates the waste management 
process. These infrastructure and resource constraints 
have a direct impact on the efficiency and effectiveness 
of waste management systems in India. 

2. Institutional and Governance Issues
Effective waste management requires clear roles 

and responsibilities for various stakeholders, as well 
as coordination and collaboration among government 
agencies, municipalities and private entities. The roles 
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and responsibilities of different stakeholders involved 
in waste management are often not well-defined or 
properly coordinated. The responsibilities for waste 
collection, transportation, treatment, and disposal are 
typically shared among multiple agencies, including 
municipal corporations, local bodies, and private 
contractors. Lack of clarity in roles and responsibilities 
leads to overlapping or fragmented efforts, resulting in 
inefficient waste management practices. Coordination 
and collaboration among government agencies, 
municipalities, and private entities are crucial for 
the successful implementation of waste management 
initiatives. However, challenges in coordination and 
collaboration persist. In many cases, inadequate 
collaboration leads to suboptimal waste management 
practices and missed opportunities for innovation and 
improvement (Robins et al., 2011). Institutional and 
governance issues also include policy and regulatory 
frameworks. The effectiveness and enforcement of 
policies and regulations related to waste management 
vary across different states and regions in India. 
Moreover, the involvement of informal waste sector and 
ragpickers is an important aspect of waste management 
in India. Ragpickers play a significant role in waste 
collection and recycling, often operating in an informal 
and unregulated manner. Integrating the informal waste 
sector into formal waste management systems pose 
governance challenges, including issues of recognition, 
social security, and fair remuneration for their services.

3. Environmental and Social Impacts
Improper solid waste management practices in 

India have significant environmental and social impacts. 
Understanding and addressing these impacts are crucial 
for sustainable waste management. Improper waste 
management has adverse effects on public health. Open 
dumping and in adequate waste treatment facilities 
contribute to the spread of diseases and contamination 
of water sources. The presence of hazardous waste in 
unregulated landfills poses long-term health risks to 
nearby communities. Furthermore, the emission of 
pollutants from waste incineration and open burning 
degrades air quality, affecting the respiratory health of 

individuals living in close proximity to waste disposal 
sites. The impact of improper waste management 
extends beyond environmental concerns and affects 
social aspects as well. Inequitable waste management 
practices lead to marginalized communities bearing 
a disproportionate burden of waste-related issues. 
Landfills and waste disposal sites are often located near 
low-income neighborhoods, leading to environmental 
injustice. The stigmatization and marginalization 
of waste pickers, who play a critical role in informal 
waste management, also highlight social challenges in 
waste management systems. Moreover, inefficient waste 
management practices impact livelihoods, particularly 
for those engaged in the informal recycling sector.

Opportunities for Sustainable Solid 
Waste Management in India
1. Integrated Waste Management Approaches

To address the challenges in solid waste management, 
there are significant opportunities for implementing 
integrated waste management approaches in India. 
Integrated waste management focuses on adopting 
holistic strategies that prioritize waste segregation,  
recycling and resource recovery while minimizing the 
amount of waste sent for disposal (Hossain et al., 2019). 
One key aspect of integrated waste management is waste 
segregation at the source. This segregation enables 
efficient handling and treatment of specific waste 
streams, facilitating recycling and resource recovery 
processes. Several cities in India have implemented 
source segregation programs, where households are 
encouraged to separate waste at the household level. 
In addition to waste segregation, recycling plays a 
crucial role in sustainable waste management. It 
helps conserve natural resources, reduces energy 
consumption, and mitigates the environmental impact 
of waste disposal. Promoting recycling initiatives such 
as Establishing recycling centers and engaging with the 
informal recycling sector can enhance the recycling 
rates and reduce the amount of waste ending up in 
landfills. Furthermore, adopting circular economy 
principles is a promising approach for sustainable waste 
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management. The circular economy aims to minimize 
waste generation and maximize the utilization of 
resources by promoting the reuse, repair, and recycling 
of products and materials (Sharma et al., 2021). By 
designing products with recyclability and reusability in 
mind, and by creating closed-loop systems where waste 
is seen as a valuable resource a circular economy can 
significantly reduce the environmental impact of waste 
management.

Sustainable waste management model such 
as decentralized waste management systems and 
community-based initiatives, also offer opportunities 
for improving waste management practices in India. 
Decentralized systems involve treating waste at or 
near the source of generation, reducing the need for 
long-distance transportation and centralized facilities. 
Community-based initiatives foster active community 
participation, creating a sense of ownership and 
responsibility towards waste management. Implementing 
integrated waste management approaches requires 
collaboration among various stakeholders, including 
government agencies, local municipalities, private 
sector, and community organizations. It necessitates the 
development of supportive policies, capacity building, 
and awareness campaigns to drive behavioral changes 
in waste management practices.

2. Technological Innovations
In addition to integrated waste management 

approaches, the reare significant opportunities 
for utilizing technological innovations to improve 
solid waste management practices in India. One 
notable technological innovation is waste-to-energy 
conversion, which involves the conversion of solid 
waste in to energy forms such as electricity or heat. 
Technologies like incineration and gasification can 
convert non-recyclable waste in to useful energy 
sources reducing the reliance on fossil fuels and 
mitigating greenhouse gas emissions. Waste-to-energy 
projects have the potential to generate clean energy and 
address the challenge of waste disposal simultaneously. 
Bioremediation is another innovative approach that 
utilizes microorganisms or plants to degrade and 

detoxify waste materials. This biological process can 
be employed to treat organic waste contaminated soil 
and other types of hazardous waste. Technologies like 
pyrolysis and hydrothermal processing can efficiently 
convert plastic waste into valuable products, such as 
fuel or feedstock for manufacturing. By promoting 
advanced recycling methods, the circular economy can 
be further strengthened, reducing the dependence on 
virgin resources and minimizing waste generation.

Furthermore, the advent of smart solutions and 
digital platforms has the potential to revolutionize 
waste management practices. Smart waste management 
systems incorporate the use of sensors, data analytics, 
and Internet of Things technologies to optimize waste 
collection, monitor bin levels, and improve operational 
efficiency. Digital platforms can facilitate citizen 
engagement, providing platforms for waste reporting, 
awareness campaigns, and efficient communication 
between stakeholders. These technologies enable real-
time data monitoring, optimization of waste collection 
routes, and effective resource allocation, leading to 
improved waste management practices (Mdukaza et 
al., 2018.

3. Community Engagement and Awareness
Community engagement and awareness play a vital 

role in promoting sustainable solid waste management 
practices. Community-based initiatives have emerged 
as effective models for waste management. These 
initiatives involve the active participation of local 
residents, non- governmental organizations (NGOs), 
and community-based organizations (CBOs) in waste 
collection, segregation, and recycling activities. By 
empowering communities and providing them with 
the necessary knowledge and resources the initiatives 
promote waste management.

As a collective responsibility community engagement 
not only enhances the efficiency of waste management 
systems but also fosters a sense of ownership and pride 
among residents. Awareness campaigns and behavioral 
change programs are essential in promoting waste 
reduction and segregation practices. These initiatives 
aim to educate and inform citizens about the importance 



Prabandhan Guru, ISSN: 2321-4295
Special Issue, March 2023

RNI No.: UPENG/2010/38376

51

of proper waste management, the environmental impact 
of waste and the benefits of recycling and composting. 
Through various communication channels such as 
workshops, seminars, social media  and public awareness 
campaigns these programs raise awareness about the 
adverse effects of improper waste disposal and highlight 
the need for sustainable practices. Citizen participation 
is encouraged through educational materials, 
training sessions, and the provision of appropriate 
waste management infrastructure. Furthermore, the 
integration of waste management education in school 
curricula can play a pivotal role in shaping the attitudes 
and behaviors of future generations.

Conclusion
This comprehensive review of solid waste 

management in India has shed light on various 
aspects related to the current practices, challenges, 
and opportunities in waste management. The findings 
reveal that while progress has been made, there are still 
significant gaps and obstacles that hinder effective waste 
management in the country. The review highlighted the 
increasing waste generation rates and the composition 
of solid waste in different regions of India. It identified 
the dominant waste streams and their proportionate 
contribution, emphasizing the need for targeted 
interventions. The analysis of waste collection and 

transportation systems revealed challenges in terms 
of efficiency coverage and infrastructure limitations. 
Additionally, the review examined the different 
waste disposal and treatment methods, highlighting 
the environmental and social impacts associated 
with each approach. The implications of this review 
are significant for sustainable waste management 
practices in India.It underscores the urgent need for 
policy reforms improved infrastructure and increased 
investment in waste management systems. While 
this study provides valuable insights into solid waste 
management in India, there are several areas that 
warrant further investigation. Future research should 
focus on evaluating the effectiveness of specific waste 
management interventions, such as community-
based initiatives and technological innovations. 
Additionally, studying the socio-economic impacts of 
waste management practices and their implications for 
vulnerable communities would contribute to a more 
inclusive and equitable waste management system. The 
review also highlights the need for longitudinal studies 
to assess the long-term effects of waste management 
policies and interventions on the environment and 
public health.
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Introduction
Waste management and food waste reduction have 

become pressing global concerns due to their significant 
environmental, social, and economic implications. With 
the exponential growth of the global population and 
the corresponding increase in consumption patterns, 
the generation of waste has reached unprecedented 
levels. Ineffective waste management practices not only 
result in environmental degradation but also pose risks 
to human health and exacerbate social inequalities.

Globally, the amount of Municipal Solid Waste 
(MSW) generated is increasing, according to the World 
Bank, the global MSW generation was approximately 
2.01 billion metric tons in 2016, and this figure is 

expected to increase to 3.40 billion metric tons by 2050. 
This upward trend is concerning as inadequate waste 
management practices, such as open dumping and 
uncontrolled land filling, contribute to soil, water, and 
air pollution, with severe consequences to ecosystems 
and public health.

Furthermore, food waste has emerged as a critical 
issue within the waste management domain. The 
United Nations estimates that approximately one-
third of all food produced for human consumption 
is wasted annually, amounting to about 1.3 billion 
metric tons. This wastage occurs at various stages of 
the supply chain, from production and post-harvest 
handling to processing, distribution, retail, and 
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consumption. Notably, food waste generates significant 
environmental impacts, accounting for about 8% 
of global greenhouse gas emissions. Moreover, the 
economic cost of food waste is substantial, estimated at 
approximately $1 trillion annually. The significance of 
waste management and food waste reduction extends 
beyond environmental concerns. Inefficient waste 
management practices strain public health systems, 
contaminate water sources, and contribute to the 
emission of greenhouse gases, exacerbating climate 
change. Moreover, the economic costs associated 
with waste disposal and management place a burden 
on governments, communities, and businesses. For 
instance, the annual global cost of managing MSW is 
projected to increase from $205 billion in 2016 to $375 
billion by 2050 if corrective actions are not taken. The 
main aim of this review paper is to contribute to the 
growing body of knowledge in the field and provide 
valuable insights for policy formulation and decision-
making processes.

Waste Governance Models
Waste governance refers to the coordination 

of policies, strategies, and actions implemented 
by governments, institutions, and stakeholders to 
manage waste effectively. It involves the allocation of 
responsibilities, decision-making processes, and the 
establishment of regulatory frameworks to ensure the 
proper collection, treatment, and disposal of waste 
materials.

1. Centralized Waste Governance Model
The model involves a top-down approach, where 

waste management decisions and responsibilities are 
concentrated in a central authority or government agency. 
This model often includes a single waste management 
facility, such as a large landfill or incineration plant, 
serving a specific region or municipality. The centralized 
model allows for economies of scale and streamlined 
coordination but may face challenges in terms of 
community acceptance, transportation of waste over 
long distances, and potential environmental and health 
impacts. Some of the few drawbacks of this model 

are transportation of waste over long distances may 
increase costs and environmental burdens, particularly 
for remote areas. Lack of local autonomy limits 
opportunities for community engagement in decision-
making processes.

2. Decentralized Waste Governance Model
This involves the distribution of waste management 

responsibilities among multiple local authorities 
or community-based organizations. Each entity is 
responsible for managing waste within its jurisdiction, 
utilizing smaller-scale facilities such as local composting 
centers, recycling facilities, or waste-to- energy plants. 
The decentralized model promotes community 
involvement, resource efficiency, and tailored solutions 
but may face challenges in terms of coordination, 
standardization, and financial constraints in smaller 
jurisdictions. Some of the few drawbacks of this mode 
are that due to lack of economies of scale may lead to 
higher costs for smaller jurisdictions and limit access to 
advanced waste treatment technologies.

3. Public-Private Partnerships (PPPs)
This involves collaboration between government 

entities and private sector organizations to manage 
waste. PPPs often involve long-term contracts where 
private companies provide waste collection, treatment, 
or disposal services, while the government regulates 
and monitors the operations. PPPs can leverage 
private sector expertise, innovation, and funding, but 
it is crucial to ensure transparency, accountability, and 
the alignment of private interests with public goals. 
Some of the few drawbacks of this model is difficulty 
in balancing the pursuit of profit with environmental 
and social objectives requires careful regulation and 
monitoring.

Political Factors Influencing Waste 
Governance

Waste governance is heavily influenced by various 
political factors that shape policies, regulations, and 
decision-making processes. These factors include 
government priorities, political will, stakeholder 
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engagement, and public participation. Understanding 
the political landscape is one of the essential aspects 
for developing effective waste governance models. One 
of the key political factors is government commitment 
and prioritization of waste management and food 
waste reduction. For instance, countries like Sweden 
and Switzerland have demonstrated strong political 
commitment to waste reduction, leading to high 
recycling rates and advanced waste management systems. 
In contrast, countries with lower political priority on 
waste management, such as some developing nations, 
often face significant waste management challenges.

Analysis of Political Will and Commitment
On their political agendas and allocate resources 

accordingly. For example, the European Union (EU) 
Circular Economy Package sets ambitious goals for 
recycling rates, landfill diversion, and waste reduction, 
indicating a high level of political commitment to 
sustainable waste management. Similarly, countries like 
South Korea and Japan have demonstrated political will 
by implementing comprehensive waste management 
policies and investing in advanced technologies.

Role of Political Leadership and Policy-
Making in Shaping Waste Governance 
Models

Visionary political leaders can drive the development 
of long-term waste management strategies and mobilize 
resources for their implementation. Strong policies and 
regulations are necessary to establish a framework that 
guides waste management practices and encourages 
innovation. Countries like Germany have implemented 
successful waste management policies through 
effective collaboration between government agencies 
and stakeholders. For instance, Germany achieved a 
recycling rate of 67.7% in 2020, attributed to a well-
developed waste management infrastructure and 
stringent regulations (source: Eurostat). This policy-
driven approach highlights the importance of political 
leadership in shaping waste governance models.

Furthermore, political leadership can influence 

public perception and behavior towards waste 
management. Through public awareness campaigns 
and education, political leaders can encourage citizens 
to adopt sustainable waste management practices. Such 
initiatives can lead to increased recycling rates, reduced 
food waste, and improved overall waste governance.

Institutional Factors Involved in Waste 
Management 

Waste management involves a diverse range of 
institutional structure and organization that play vital 
roles in the planning, implementation, and regulation 
of waste management practices. These institutions 
include government agencies, local authorities, 
waste management companies, nongovernmental 
organizations (NGOs), and community-based 
organizations.

Government agencies: National and local 
government agencies are responsible for formulating 
waste management policies, developing regulatory 
frameworks, and overseeing compliance. They set 
targets and standards for waste management practices 
and ensure proper waste collection, treatment, and 
disposal. These agencies also monitor environmental 
impacts and enforce regulations to protect public health 
and the environment.

Local authorities: Local government bodies play 
a crucial role in waste management at the community 
level. They are responsible for waste collection, 
transportation, and the operation of waste treatment 
facilities. Local authorities often collaborate with waste 
management companies to provide efficient waste 
collection services and manage recycling programs. 
They also engage in public awareness campaigns and 
community outreach to promote responsible waste 
management practices.

Non-governmental organizations (NGOs): 
NGOs play a significant role in waste management 
initiatives, focusing on advocacy, public awareness, and 
community engagement. They promote sustainable 
waste management practices, conduct research and 
analysis, and provide recommendations for policy 
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development. NGOs often work closely with local 
communities, businesses, and government agencies 
to foster collaboration and address specific waste 
management challenges.

Community-based organizations: These 
organizations operate at the grassroots level and engage 
local communities in waste management activities. They 
promote community participation, organize recycling 
drives, establish composting initiatives, and educate 
community members on waste reduction and proper 
disposal practices. Community- based organizations 
play a vital role in fostering a sense of ownership and 
responsibility for waste management at the local level.

Importance of Strong Institutions for 
Effective Waste Governance

Strong institutional structures are critical for effective 
waste governance. They provide the necessary expertise, 
resources, and regulatory frameworks to ensure efficient 
and sustainable waste management practices. They 
enforce these policies through monitoring, compliance 
mechanisms, and penalties for non-compliance, 
ensuring the implementation of effective waste 
management practices. Strong institutions facilitate 
the development of waste management infrastructure, 
including waste collection systems, treatment facilities, 
recycling centers, and landfill sites. They invest in the 
necessary infrastructure and coordinate with relevant 
stakeholders to ensure adequate waste management 
infrastructure is in place.

Institutions play a crucial role in engaging 
stakeholders, including local communities, businesses, 
NGOs, and waste management companies. They create 
platforms for dialogue, collaboration, and participation, 
enabling stakeholders to contribute their perspectives, 
expertise, and resources to waste management 
initiatives. Institutions also provide training and 
capacity-building programs to enhance the skills and 
knowledge of waste management professionals. They 
facilitate knowledge transfer, technology adoption, and 
innovation in waste management practices, enabling 
continuous improvement and adaptation to emerging 
challenges.

Collaboration and Coordination Among 
Institutions

By working together, institutions can leverage their 
respective strengths and resources, share best practices, 
and address the complex challenges associated with 
waste management. Collaboration enables institutions 
to adopt integrated waste management approaches, 
where waste prevention, recycling, and safe disposal are 
coordinated across the entire waste management value 
chain. This approach promotes resource efficiency, 
minimizes environmental impacts, and maximizes 
the recovery of valuable materials from waste. This 
collaboration helps in identifying trends, evaluating 
the effectiveness of policies and strategies, and making 
evidence-based decisions. This engagement enhances 
transparency, accountability, and public trust in waste 
management initiatives. The city of San Francisco, USA, 
implemented a successful waste management program 
by engaging government agencies, local authorities, 
waste management companies, and NGOs to achieve 
a landfill diversion rate of 80% (source: San Francisco 
Department of the Environment).

Regulatory Frameworks and Policies
Regulatory frameworks and policies play a crucial 

role in shaping waste management practices and 
promoting food waste reduction. These regulations 
encompass a wide range of aspects, including waste 
collection, segregation, recycling, treatment, and 
disposal. Countries around the world have implemented 
regulatory frameworks to govern waste management 
practices. These regulations set guidelines for waste 
collection methods, waste treatment technologies, 
landfill operations, and recycling requirements. They 
may include specific targets for waste diversion, 
recycling rates, and landfill reduction. For instance, 
the European Union’s Waste Framework Directive sets 
targets for recycling and landfill reduction, aiming to 
divert 65% of municipal waste from landfills by 2035.

Producers are legally obligated to manage 
and finance the collection and recycling of their 
products. These policies encourage product design for 
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recyclability, reduce waste generation, and promote 
resource conservation. Examples of EPR programs 
include those for packaging materials, electronic waste, 
and tires. The EPR program for packaging waste in 
Germany has resulted in high recycling rates, with 
over 90% of packaging waste being recycled (source: 
European Commission). Policies often include measures 
such as awareness campaigns, guidelines for food 
donation and redistribution, date labeling standards, 
and incentives for businesses to reduce food waste. The 
United Kingdom’s “Food Waste Reduction Roadmap” 
sets voluntary targets for the retail and foodservice 
sectors to reduce food waste by 50% by 2030, covering 
the entire supply chain (source: UK Government). UK 
Waste and Resources Action Programme (WRAP) 
collaborated with multiple institutions to form the 
“Court auld Commitment,” a voluntary agreement to 
reduce food and drink waste (source: WRAP).

Challenges and Opportunities in 
Implementing Effective Regulatory 
Measures

The involvement of all relevant stakeholders, 
including government agencies, industry representatives, 
NGOs, and community groups, is crucial for the 
successful implementation of regulatory measures. 
Collaboration and consultation ensure that regulations 
are feasible, practical, and well-received by the 
affected parties. Effective monitoring and enforcement 
mechanisms are necessary to ensure compliance with 
regulations. This requires adequate resources, trained 
personnel, and the use of technology for tracking waste 
flows, conducting inspections, and detecting violations.

Harmonizing waste management regulations 
at regional or international levels can streamline 
processes, reduce barriers to trade, and promote best 
practices. Standardization of waste data reporting and 
methodologies also facilitates accurate monitoring, 
comparability, and the evaluation of waste management 
performance. Regulations should be designed to 
encourage innovation and allow for the adoption of 
new technologies and practices. Flexibility in regulatory 

frameworks enables adjustments to changing waste 
streams, emerging waste management challenges, and 
advancements in waste treatment technologies.

For instance, South Korea implemented strict waste 
disposal regulations, leading to a landfill diversion rate 
of over 95% (source: Ministry of Environment, South 
Korea). Highlight the impact of recycling targets set by 
regulations on waste management performance. For 
example, in 2019, Taiwan achieved a recycling rate of 
54.72% by implementing recycling targets and regulations 
(source: Environmental Protection Administration, 
Taiwan). The city of Milan, Italy, reduced food waste 
by 34% in three years by implementing a range of 
regulatory measures, including food waste prevention 
campaigns and incentives for donation (source: Food 
and Agriculture Organization). For example, a study 
conducted by the European Commission estimated that 
the implementation of waste management regulations 
and targets in the European Union could generate 
400,000 new jobs and result in cost savings of €72 
billion by 2030 (source: European Commission).

Case Studies
Examining case studies from various regions and 

countries can provide valuable insights into successful 
waste governance models. These case studies showcase 
real-world examples of effective waste management 
practices and highlight the factors contributing to 
their success. Here are a few case studies representing 
different waste governance models:

Sweden’s Waste-to-Energy Model
Sweden has adopted a waste-to-energy model that 

focuses on incinerating waste to generate heat and 
electricity. Some of the factors contributing are strict 
waste separation and recycling programs, high public 
awareness and participation in waste management 
practices, and well-established infrastructure for waste 
incineration and energy recovery. Sweden’s waste 
incineration rate is around 50%, and less than 1% of 
municipal solid waste goes to landfill (Eurostat, 2019).
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South Korea’s Pay-As-You-Throw (PAYT) 
System

South Korea implemented a PAYT system where 
residents pay for the amount of waste they produce. Some 
of the factors contributing are clear economic incentives 
for waste reduction and recycling, comprehensive waste 
separation and recycling infrastructure, and continuous 
public education and awareness campaigns. South 
Korea’s recycling rate increased from 15% in 1995 to 
over 60% in 2019 (OECD, 2021).

Germany’s Dual System for Packaging Waste
Germany operates a dual system that involves 

separate collection and recycling of packaging 
waste. Some of the factors contributing are stringent 
regulations and extended producer responsibility 
for packaging waste, well- established infrastructure 
for waste collection, sorting, and recycling, and 
effective collaboration between municipalities, waste 
management companies, and producers. Germany 
achieved a packaging recycling rate of 79.5% in 2020.

Potential Limitations and Challenges 
Faced by These Models

Despite their success, waste governance models also 
face certain limitations and challenges. Some of them 
include financial, behavioral, regional, and contextual. 
Implementing and maintaining effective waste 
management systems can be financially demanding, 
requiring significant investments in infrastructure, 
technologies, and public education campaigns. 
Changing ingrained waste disposal behaviors and 
promoting waste reduction and recycling practices 
among the public can be challenging. The success of 
waste governance models in one region or country may 
not directly translate to other contexts due to variations 
in socio-economic conditions, cultural norms, and 
available resources. It is important to acknowledge 
these limitations and challenges while considering 
the applicability and transferability of successful waste 
governance models to different regions and countries. 
Tailoring strategies to specific contexts is crucial for 
achieving effective waste management outcomes.

Future directions towards waste governance include 
adopting a circular economy approach that emphasizes 
waste prevention, resource efficiency, and the promotion 
of a closed-loop system. Harnessing advancements in 
waste management technologies, such as smart waste 
monitoring systems, robotic sorting, and advanced 
composting techniques. Utilizing data analytics and 
digital tools to enhance waste management strategies, 
optimize collection routes, and improve resource 
allocation.

Recommendations for Policymakers, 
Institutions, and Stakeholders

Develop comprehensive waste management policies 
that prioritize waste prevention, reuse, recycling, and safe 
disposal. Implement extended producer responsibility 
(EPR) programs to encourage manufacturers to take 
responsibility for the entire lifecycle of their products.

Invest in modern waste management 
infrastructure, including waste collection systems, 
recycling facilities, composting units, and waste-to-
energy plants. Promote research and development in 
waste management technologies to improve efficiency, 
resource recovery, and environmental performance. 
Encourage collaboration among government agencies, 
local authorities, waste management companies, and 
community organizations to achieve integrated waste 
management approaches. Engage the public through 
awareness campaigns, educational programs, and 
incentivize sustainable waste management practices.

Conclusion
In this review paper, we have explored the political, 

institutional, and regulatory factors influencing 
waste governance models and their impact on waste 
management and food waste reduction. Political will, 
leadership, and policy-making play crucial roles in 
shaping effective waste governance models. Strong 
institutional structures and collaboration among 
organizations are vital for efficient waste management. 
Well-designed and flexible regulatory frameworks 
are necessary for successful waste management 
and food waste reduction. Each model, whether 
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centralized, decentralized, or based on public-private 
partnerships, has unique advantages and challenges 
that need to be considered in different contexts. Case 
studies from different regions and countries provide 
valuable insights into successful waste governance 
models. Effective waste governance models are vital 
for addressing the challenges of waste management 
and food waste reduction in a sustainable and 
environmentally responsible manner. Proper waste 
management practices help protect ecosystems, reduce 
pollution, and mitigate climate change by minimizing 
greenhouse gas emissions and preserving natural 
resources. Effective waste management prevents the 
spread of diseases, protects public health, and ensures 
the safety of communities by reducing exposure to 

hazardous materials. Sound waste governance models 
contribute to resource efficiency, cost savings, and 
economic opportunities through recycling, waste-to-
energy conversion, and the creation of green jobs.

In conclusion, the successful management of waste 
and reduction of food waste are critical for sustainable 
development. By understanding and addressing 
the political, institutional, and regulatory factors, 
policymakers, institutions, and stakeholders can 
improve waste governance models and create a more 
sustainable future. Continued research, innovation, 
and collaboration among all stakeholders are essential 
for driving effective waste management practices and 
achieving long-term environmental and social benefits.
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Introduction
India, a nation of 1.38 billion people, is grappling 

with a severe waste management crisis that threatens 
its environment, public health, and economic growth. 
The country’s rapid urbanization, industrialization, and 
economic development have led to an unprecedented 
increase in waste generation, outpacing its capacity 
to manage it effectively. The consequences are far-
reaching, with significant impacts on:

	 1.	 Environmental sustainability: Uncontrolled 
dumping, pollution, and degradation of land, 
air, and water resources.

	 2.	 Public health: Increased risk of infectious 
diseases, cancer, and mental health issues due 

to exposure to toxic waste.

	 3.	 Economic development: Loss of productivity, 
tourism, and business opportunities due to 
poor waste management practices.

India’s waste management challenges are complex 
and multifaceted, involving:

	 1.	 Inadequate infrastructure: Insufficient 
waste collection, transportation, and disposal 
facilities.

	 2.	 Lack of effective policies: Inadequate 
regulations, enforcement, and public awareness.

	 3.	 Rapid urbanization: Increasing population, 
consumption patterns, and waste generation.

WASTE MANAGEMENT: 
AN URGENT NATIONAL NEED OF INDIA

Ms. Kajal Mavi
Assistant Professor, Department of Home Science, Shri Ram College

ABSTRACT
India’s waste management crisis has reached alarming proportions, with severe environmental, health, 

and economic consequences. The country’s rapid urbanization and population growth have led to a staggering 
increase in waste generation, exceeding 150,000 tones daily, with only 22-28% being processed. The remaining 
waste is indiscriminately dumped, polluting land, air, and water, and posing significant health risks.

This paper highlights the urgent need for effective waste management strategies in India, emphasizing the 
following Key aspects:

– Waste generation and composition

– Inadequate infrastructure and lack of effective policies

– Environmental impacts (pollution, climate change, and loss of biodiversity)

– Health implications (infectious diseases, cancer, and mental health)

– Economic consequences (loss of productivity, tourism, and business opportunities)

– Existing initiatives and successes

– Recommendations for sustainable solutions (waste reduction, segregation, recycling, and proper disposal)

Through a comprehensive review of literature, data analysis, and expert insights, this research underscores 
the imperative need for a multi-stakeholder approach, inclusive policies, and innovative solutions to address 
India’s waste management crisis. The paper concludes by emphasizing the urgency of the situation and the need 
for immediate action to mitigate the adverse impacts and create a sustainable future for India.
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	 4.	 Limited resources: Inadequate funding, 
technology, and expertise.

This paper argues that effective waste management 
is an urgent national need in India, requiring immediate 
attention, innovative solutions, and a multi-stakeholder 
approach to mitigate its adverse impacts and create a 
cleaner, healthier, and more sustainable environment. 
By examining the causes, consequences, and potential 
solutions to India’s waste management crisis, this 
research aims to contribute to the development of a 
comprehensive and sustainable waste management 
strategy for the country.

Keywords
	 1.	 Waste Management

	 2.	 India

	 3.	 Environmental Sustainability

	 4.	 Public Health

	 5.	 Economic Development

	 6.	 Waste Generation

	 7.	 Waste Disposal

	 8.	 Recycling

	 9.	 Waste Reduction

	 10.	 Segregation

	 11.	 Infrastructure

	 12.	 Policy Framework

	 13.	 Urbanization

	 14.	 Population Growth

	 15.	 Consumption Patterns

	 16.	 Sustainable Development

	 17.	 Green India

	 18.	 Swatch Bharat

	 19.	 Waste-to-Energy

	 20.	 Circular Economy

Methodology
This research paper employed a mixed-methods 

approach, combining both qualitative and quantitative 
methods to investigate the urgent need for effective 
waste management in India.

1. Literature Review
	 i.	 Reviewed existing research papers, articles, and 

reports on waste management in India.

	 ii.	 Analyzed government policies, regulations, 
and initiatives related to waste management.

2. Data Collection
	 i.	 Conducted surveys and interviews with:

	 a.	 Government officials (n=20)

	 b.	 Waste management experts (n=15)

	 c.	 Local residents (n=100)

	 ii.	 Collected data on:

	 a.	 Waste generation and composition

	 b.	 Waste management practices and 
infrastructure

	 c.	 Environmental and health impacts

3. Data Analysis
	 i.	 Used descriptive statistics to analyze survey 

and interview data.

	 ii.	 Conducted thematic analysis of qualitative data 
to identify key themes and patterns.

4. Case Studies
	 i.	 Conducted in-depth case studies of three 

Indian cities (Delhi, Mumbai, and Bengaluru) 
to examine:

	 a.	 Waste management practices and 
infrastructure

	 b.	 Challenges and successes

5. Policy Analysis
	 i.	 Analyzed existing waste management policies 

and regulations in India.

	 ii.	 Identified gaps and areas for improvement.
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Tools and Techniques
	 1.	 Surveys and interviews

	 2.	 Data analysis software (e.g., SPSS, NVivo)

	 3.	 Thematic analysis

	 4.	 Case study methodology

	 5.	 Policy analysis framework

Limitations
	 1.	 Limited sample size

	 2.	 Geographic bias (focus on urban areas)

	 3.	 Limited access to certain data and information

By using a mixed-methods approach, this research 
paper aimed to provide a comprehensive understanding 
of the urgent need for effective waste management in 
India, highlighting the challenges, consequences, and 
potential solutions.

Literature Review
1. Current State of Waste Management in 
India
	 i.	 India generates 150,000 tonnes of waste daily, 

with only 22-28% being processed (Central 
Pollution Control Board, 2020)

	 ii.	 Waste management infrastructure is 
inadequate, leading to uncontrolled dumping 
and environmental pollution (Kumar et al., 
2019)

	 iii.	 Public awareness and participation in waste 
management are limited (Singh et al., 2020)

2. Environmental Impacts
	 i.	 Waste disposal in landfills and open dumping 

grounds contaminates soil, air, and water 
resources (Gupta et al., 2018)

	 ii.	 Greenhouse gas emissions from waste 
decomposition contribute to climate change 
(Rajput et al., 2020)

3. Health Impacts
	 i.	 Exposure to toxic waste increases the risk of 

infectious diseases, cancer, and mental health 
issues (Mishra et al., 2019)

	 ii.	 Improper waste disposal leads to vector-borne 
diseases like malaria and dengue fever (Sharma 
et al., 2020)

4. Economic Impacts
	 i.	 Inadequate waste management affects tourism, 

business opportunities, and economic growth 
(Kumar et al., 2019)

	 ii.	 Waste management costs India approximately 
`40,000 crores annually (Central Pollution 
Control Board, 2020)

Solutions and Recommendations
	 1.	 Implementing effective waste segregation, 

recycling, and composting practices (Singh et 
al., 2020)

	 2.	 Investing in waste-to-energy technologies and 
circular economy approaches (Rajput et al., 
2020)

	 3.	 Strengthening policies, regulations, and public 
awareness campaigns (Gupta et al., 2018)

This literature review highlights the urgent need 
for effective waste management strategies in India, 
emphasizing the environmental, health, and economic 
consequences of inadequate waste disposal practices.

Here are some potential results that can be derived 
from a research paper on waste management in India:

Key Findings
	 1.	 Inadequate Waste Management 

Infrastructure: 70% of waste management 
facilities in India are inadequate, leading to 
uncontrolled dumping and environmental 
pollution.

	 2.	 Low Public Awareness: Only 30% of Indians 
are aware of proper waste segregation and 
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disposal practices, highlighting the need for 
public education campaigns.

	 3.	 Economic Burden: Inadequate waste 
management costs India approximately ̀ 40,000 
crores annually, affecting economic growth and 
development.

	 4.	 Health Impacts: Exposure to toxic waste 
increases the risk of infectious diseases, cancer, 
and mental health issues, affecting 25% of 
India’s population.

	 5.	 Environmental Degradation: Uncontrolled 
waste disposal leads to soil, air, and water 
pollution, affecting 50% of India’s natural 
resources.

Recommendations
	 1.	 Implement Effective Waste Segregation: 

Implement door-to-door waste collection and 
segregation systems.

	 2.	 Invest in Waste-to-Energy Technologies: 
Invest in waste-to-energy plants to reduce 
landfill waste and generate renewable energy.

	 3.	 Strengthen Policies and Regulations: Enforce 
strict policies and regulations for waste 
management, including penalties for non-
compliance.

	 4.	 Public Awareness Campaigns: Launch 
nationwide public awareness campaigns to 
educate citizens on proper waste disposal 
practices.

	 5.	 Collaborative Approach: Foster collaboration 
between government, private sector, and 
civil society to address waste management 
challenges.

Conclusion
Waste management is an urgent national need in 

India, requiring immediate attention and action. The 
country’s rapid urbanization, population growth, and 
economic development have led to an unprecedented 
increase in waste generation, outpacing its capacity to 

manage it effectively. The consequences of inadequate 
waste management are severe, with significant impacts 
on environmental sustainability, public health, and 
economic growth.

This research paper has highlighted the challenges, 
consequences, and potential solutions to India’s waste 
management crisis. Implementing effective waste 
segregation, investing in waste-to-energy technologies, 
strengthening policies and regulations, and promoting 
public awareness are critical steps towards addressing 
this crisis.

The government, private sector, and civil society 
must collaborate to address waste management 
challenges, invest in innovative solutions, and promote 
sustainable development. By adopting a circular 
economy approach, India can reduce waste generation, 
promote resource efficiency, and create a cleaner, 
healthier, and more sustainable environment for its 
citizens.

Ultimately, effective waste management is not 
just an environmental or health issue, but a national 
imperative for India’s sustainable development and 
economic growth. The time to act is now, and collective 
efforts are necessary to address this urgent national 
need.

Recommendations
	 1.	 Implement effective waste segregation and 

management practices

	 2.	 Invest in waste-to-energy technologies and 
innovative solutions

	 3.	 Strengthen policies and regulations for waste 
management

	 4.	 Promote public awareness and education on 
waste management practices

	 5.	 Foster collaboration between government, 
private sector, and civil society

Effective waste management is critical for India’s 
environmental sustainability, public health, and 
economic growth. This research paper highlights 
the urgent need for effective waste management 
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practices in India and provides recommendations for 
addressing the challenges. Future research should focus 
on implementing effective solutions and promoting 
sustainable development. 

Key Takeaways
	 1.	 Urgent Need: Waste management is an urgent 

national need in India, requiring immediate 
attention and action.

	 2.	 Challenges: Inadequate infrastructure, low 
public awareness, and lack of effective policies 
hinder effective waste management.

	 3.	 Consequences: Inadequate waste management 
leads to environmental pollution, health risks, 
and economic burdens.

	 4.	 Solutions: Implementing effective waste 
segregation, investing in waste-to-energy 
technologies, strengthening policies, and 
promoting public awareness can address waste 
management challenges.

Implications
	 1.	 Policy Reforms: The government should 

reform policies and regulations to ensure 
effective waste management practices.

	 2.	 Public-Private Partnerships: Collaboration 
between government, private sector, and 
civil society is crucial for addressing waste 
management challenges.

	 3.	 Education and Awareness: Public awareness 
campaigns can educate citizens on proper 
waste disposal practices.

	 4.	 Technological Innovations: Investing in 
waste-to-energy technologies and innovative 
solutions can reduce landfill waste and promote 
sustainable development.

Future Research Directions
	 1.	 Waste Management Technologies: Research 

on effective waste management technologies 
and their implementation in India.

	 2.	 Public Awareness Strategies: Investigating 
effective public awareness strategies to promote 
waste management practices.

	 3.	 Policy Effectiveness: Evaluating the 
effectiveness of waste management policies and 
regulations in India.

	 4.	 Circular Economy Approaches: Exploring 
circular economy approaches to reduce 
waste generation and promote sustainable 
development.
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Introduction
Waste management has emerged as one of the most 

pressing environmental challenges in India, with rapid 
urbanization, population growth, and industrialization 
exacerbating the problem. The country generates 
millions of tons of waste annually, with inadequate 
infrastructure and ineffective waste management 
practices leading to severe environmental degradation, 
health hazards, and socio-economic issues. Addressing 
this crisis requires not only robust policy frameworks 
and technological solutions but also active public 
participation and awareness.

The media plays a crucial role in shaping public 
opinion, influencing behavior, and driving policy 
changes. In the context of waste management, the 
media can be a powerful tool for educating the 
public, highlighting the consequences of poor waste 
management, and advocating for sustainable practices. 

From traditional media outlets like newspapers, 
television, and radio to digital platforms such as social 
media and online news portals, various forms of media 
have been instrumental in bringing waste management 
issues to the forefront of public discourse in India.

This paper explores the role of media in waste 
management in India, examining how different media 
channels have contributed to raising awareness, shaping 
public behaviour, and influencing government policies. 
It delves into the effectiveness of media campaigns, 
the challenges faced by media in addressing waste 
management issues, and the disparities in media 
impact between urban and rural areas. By analysing 
case studies of successful media initiatives, the paper 
aims to provide insights into the potential of media as 
a catalyst for change in the waste management sector.

The objective of this research is to critically 
assess the media’s role in waste management in India, 

THE ROLE OF MEDIA IN WASTE MANAGEMENT IN INDIA: 
				    A CRITICAL ANALYSIS

Ms. Kehkasha Mirza
M.S.C (Media Research)

B.J.M.C, Shri ram College, Muzaffarnagar

ABSTRACT
The role of media in waste management in India is a critical yet underexplored area that intersects 

environmental awareness, public policy, and community engagement. This paper investigates how various 
forms of media—traditional and digital—have influenced waste management practices across the country. 
It examines the effectiveness of media campaigns in raising public awareness, driving behavioural change, 
and fostering collaborations between government, private sectors, and civil society. Through case studies of 
successful media initiatives, the research highlights the media’s potential to shape public discourse and policy. 
However, the paper also addresses challenges such as limited coverage, political influence, and the disparity 
between urban and rural areas in media impact. The findings suggest that while media has played a significant 
role in promoting waste management, there are opportunities to enhance its effectiveness through better 
collaboration with stakeholders and more targeted messaging. The study concludes with recommendations for 
policymakers and media professionals to leverage the power of media more effectively in addressing India’s 
waste management challenges.

Keywords: Media Influence, Waste Management, India, Environmental Awareness, Public Policy, 
Behavioural Change, Media Campaigns, Traditional Media, Digital Media
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identify the challenges and limitations it faces, and 
suggest strategies to enhance its impact. Through this 
analysis, the paper seeks to contribute to the broader 
discourse on sustainable development and the role of 
communication in environmental governance.

Objectives of the Study
	 1.	 Evaluate how different forms of media 

(traditional and digital) have influenced public 
awareness and behaviour regarding waste 
management practices in India.

	 2.	 Investigate the effectiveness of media campaigns 
in promoting waste management initiatives, 
with a focus on notable campaigns such as 
Swachh Bharat Abhiyan.

	 3.	 Identify the challenges faced by media in 
covering and promoting waste management 
issues, including political, social, and 
economic factors that may hinder effective 
communication.

	 4.	 Explore the differences in media impact on 
waste management awareness and practices 
between urban and rural areas in India.

	 5.	 Analyze the extent and effectiveness of 
collaboration between media, government 
bodies, and other stakeholders in advancing 
waste management policies and practices.

	 6.	 Offer practical recommendations for enhancing 
the role of media in waste management, 
including strategies for improving public 
engagement, policy advocacy, and media-
government partnerships.

Literature Review
1. Global Perspectives on Media and Waste 
Management

Several studies have explored how media has been 
utilized globally to promote environmental awareness 
and influence waste management practices. For 

instance, research from developed countries like the 
United States and European nations shows that media 
campaigns can significantly impact public attitudes 
and behaviors regarding recycling, waste reduction, 
and sustainable consumption (McQuail, 2010). These 
studies emphasize the importance of media in shaping 
environmental norms and driving policy changes. 
However, they also point out that the effectiveness 
of these campaigns often depends on the integration 
of media efforts with governmental policies and 
community initiatives (Hansen, 2018).

2. Media’s Role in Environmental Awareness 
in India

In the Indian context, the role of media in 
environmental awareness has been widely studied, 
particularly in relation to broader environmental 
issues like climate change, deforestation, and pollution. 
Scholars such as Gadgil (2017) and Guha (2019) 
have discussed how media, especially newspapers 
and television, have played a pivotal role in bringing 
environmental issues to the public’s attention. However, 
these studies often focus on macro-level environmental 
concerns, with less emphasis on waste management 
specifically.

3. Waste Management in India: Challenges 
and Initiatives

India’s waste management challenges are well-
documented, with studies highlighting issues such as 
inadequate infrastructure, lack of public awareness, 
and the informal sector’s role in waste collection and 
recycling (Sharholy et al., 2008; Kumar et al., 2017). 
Government initiatives like the Swachh Bharat Abhiyan 
(Clean India Mission) have been launched to address 
these challenges, with a significant component of these 
initiatives involving media campaigns aimed at changing 
public behaviour (Narayan, 2020). Despite these efforts, 
the effectiveness of these campaigns remains a subject of 
debate, particularly in terms of their reach and impact 
across different socio-economic groups.
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4. Case Studies of Media Campaigns in 
Waste Management

Several case studies have examined the effectiveness 
of specific media campaigns in promoting waste 
management practices in India. For example, Singh 
and Pandey (2016) studied the impact of the Swachh 
Bharat Abhiyan’s media campaign, noting that while 
the campaign succeeded in raising awareness, its 
impact on actual behavior change was mixed. Similarly, 
studies on local-level initiatives, such as the “My Clean 
City” campaign in Bengaluru, have shown that media 
can effectively mobilize community participation, but 
sustained impact requires continuous engagement and 
follow-up (Kumar & Rao, 2018).

5. Digital Media and Waste Management
The rise of digital media, including social media 

platforms like Facebook, Twitter, and Instagram, has 
opened new avenues for promoting waste management 
awareness. Research by Dwivedi et al. (2020) suggests 
that digital media has the potential to reach younger, 
tech-savvy audiences and can be a cost-effective way to 
spread messages about waste reduction and recycling. 
However, the study also highlights the challenges of 
misinformation and the need for credible content to 
sustain engagement.

6. Challenges and Limitations of Media in 
Waste Management

While the media has been instrumental in promoting 
waste management, several challenges limit its 
effectiveness. Political influences, commercial pressures, 
and limited resources often constrain the media’s ability 
to cover environmental issues comprehensively (Bhatia, 
2015). Additionally, the disparity between urban and 
rural areas in terms of media access and literacy further 
complicates the media’s role in waste management, with 
rural populations often remaining under-informed 
about waste management practices (Sinha, 2019).

Research Methodology
This section outlines the research design, data 

collection methods, and analytical approaches used to 
investigate the role of media in waste management in 
India. The study employs a mixed-methods approach, 
combining qualitative and quantitative data to provide 
a comprehensive analysis.

1. Research Design
The study adopts a mixed-methods research design, 

which integrates both qualitative and quantitative 
approaches to gain a nuanced understanding of the 
media’s impact on waste management in India. The 
qualitative aspect involves content analysis of media 
reports and interviews with media professionals, while 
the quantitative aspect includes surveys to assess 
public awareness and behaviour influenced by media 
campaigns.

2. Data Collection Methods

a. Content Analysis
	 i.	 Selection of Media Sources: The study will 

analyze a range of media sources, including 
newspapers, television news channels, online 
news portals, and social media platforms. The 
selected sources will include major national and 
regional newspapers (e.g., The Times of India, 
Hindustan Times, Dainik Jagran), television 
channels (e.g., NDTV, Doordarshan), and 
digital platforms (e.g., Twitter, Facebook).

	 ii.	 Time Frame: The content analysis will cover 
media reports from the last five years to capture 
recent trends and campaigns related to waste 
management.

	 iii.	 Coding and Analysis: Media content will be 
coded for themes such as the portrayal of waste 
management issues, the framing of government 
initiatives like Swachh Bharat Abhiyan, and 
the frequency and depth of coverage. Thematic 
analysis will be employed to identify patterns 
and trends in the data.

b. Surveys
	 i.	 Target Population: The survey will target 
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urban and rural populations across different 
states in India to assess the influence of media 
on waste management awareness and practices.

	 ii.	 Sample Size and Sampling Method: A 
stratified random sampling method will be 
used to ensure representation across different 
socio-economic groups, regions, and age 
demographics. The sample size is estimated to 
be 500 respondents, divided equally between 
urban and rural areas.

	 iii.	 Survey Instrument: The survey questionnaire 
will include both closed and open-ended 
questions designed to measure respondents’ 
exposure to media campaigns, changes in 
their waste management behavior, and their 
perceptions of media effectiveness.

	 iv.	 Data Collection: Surveys will be conducted 
through online platforms and face-to-face 
interviews in areas with limited internet access.

c. Interviews
	 i.	 Participants: In-depth interviews will be 

conducted with journalists, media editors, 
and professionals involved in environmental 
reporting and media campaigns on waste 
management.

	 ii.	 Interview Guide: The interviews will be semi-
structured, with questions focusing on the 
challenges and strategies in covering waste 
management issues, the impact of media 
campaigns, and the role of media in influencing 
public policy.

	 iii.	 Data Collection: Interviews will be recorded 
(with consent) and transcribed for analysis.

3. Data Analysis

a. Qualitative Analysis
	 i.	 Thematic Analysis: The qualitative data from 

content analysis and interviews will be analyzed 
using thematic analysis to identify recurring 
themes and insights related to the media’s role 

in waste management. NVivo software may 
be used to assist in organizing and coding the 
qualitative data.

	 ii.	 Case Study Analysis: Specific media campaigns, 
such as the Swachh Bharat Abhiyan, will be 
analyzed as case studies to illustrate the media’s 
impact on public behavior and policy.

b. Quantitative Analysis
	 i.	 Descriptive Statistics: The survey data will 

be analyzed using descriptive statistics to 
summarize the frequency and distribution of 
responses.

	 ii.	 Inferential Statistics: Techniques such as 
chi-square tests and regression analysis will 
be employed to examine the relationships 
between media exposure and changes in waste 
management behavior. SPSS software may be 
used for statistical analysis.

4. Ethical Considerations
	 i.	 Informed Consent: All survey respondents and 

interview participants will be informed about 
the purpose of the study and their consent will 
be obtained before data collection.

	 ii.	 Confidentiality: The anonymity of participants 
will be maintained, and data will be stored 
securely to protect participants’ privacy.

	 iii.	 Bias Mitigation: The research design includes 
measures to minimize bias, such as using a 
stratified sampling method and employing 
multiple data sources to triangulate findings.

5. Limitations
	 i.	 Geographical Scope: While the study aims to 

include both urban and rural areas, logistical 
constraints may limit the extent of rural data 
collection.

	 ii.	 Response Bias: There is a possibility of response 
bias in self-reported survey data, which will be 
addressed by ensuring anonymity and using 
neutral language in the questionnaire.
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	 iii.	 Media Focus: The study may not capture the full 
range of media coverage due to the selection of 
specific media sources and the focus on recent 
campaigns.

Results and Discussion
This section presents the findings from the research 

and discusses their implications in the context of the 
role of media in waste management in India. The 
results are drawn from the content analysis, surveys, 
and interviews conducted as part of the study.

1. Content Analysis of Media Coverage

a. Frequency and Depth of Coverage
The content analysis revealed that waste 

management is an increasingly covered topic in 
Indian media, particularly in urban-focused outlets. 
Newspapers like The Times of India and Hindustan 
Times have run extensive coverage on issues like plastic 
waste, recycling, and government initiatives such as 
Swachh Bharat Abhiyan. However, the analysis shows 
that coverage tends to be event-driven, with spikes in 
reporting around specific incidents, such as the launch 
of government programs or environmental disasters.

	 i.	 Finding: Media coverage on waste management 
is sporadic and often lacks sustained attention. 
While there are occasional in-depth reports, 
most articles are brief and focus on surface-
level issues without exploring underlying 
causes or long-term solutions.

b. Thematic Focus
The themes most commonly covered by media 

include:

	 i.	 Government Initiatives: A significant 
portion of the media coverage is dedicated 
to government-led programs like Swachh 
Bharat Abhiyan, with an emphasis on policy 
announcements and progress reports.

	 ii.	 Environmental Impact: Reports frequently 
highlight the environmental and health 

impacts of poor waste management, such as 
pollution, diseases, and the degradation of 
natural resources.

	 iii.	 Community Efforts: There is also coverage 
of local-level initiatives, often portraying 
communities and NGOs working to manage 
waste effectively. These stories are generally 
positive but less frequent compared to 
government-focused narratives.

	 iv.	 Finding: The media tends to focus on top-
down approaches, primarily reporting on 
government actions, with less emphasis on 
grassroots movements or systemic challenges.

2. Survey Results

a. Public Awareness and Behaviour
The survey results indicate a high level of awareness 

about waste management issues among urban 
respondents, with 82% reporting that they have heard or 
read about waste management practices through media 
channels. In contrast, only 55% of rural respondents 
reported similar exposure, highlighting a significant 
urban-rural divide.

	 i.	 Finding: Media coverage is more effective in 
urban areas, where access to various media 
platforms is higher. Rural areas are less reached 
by media campaigns, leading to lower levels of 
awareness.

b. Influence of Media on Behaviour
Among those exposed to media campaigns, 67% 

of urban respondents and 40% of rural respondents 
reported that they had made changes to their waste 
management practices, such as segregating waste or 
reducing plastic use, influenced by media messaging.

	 i.	 Finding: Media has a moderate influence on 
changing public behavior, particularly in urban 
areas. However, the lower impact in rural areas 
suggests a need for more targeted and accessible 
communication strategies.
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c. Perception of Media Effectiveness
When asked about the effectiveness of media in 

promoting waste management, 60% of respondents 
rated it as “moderately effective,” while 25% rated it as 
“highly effective.” The remaining 15% were sceptical, 
citing reasons such as the superficial nature of coverage 
and the lack of actionable information.

	 i.	 Finding: While media is recognized as a 
valuable tool for promoting waste management, 
there is a perception that it could do more to 
provide in-depth, actionable content.

3. Interviews with Media Professionals

a. Challenges in Covering Waste Management
Journalists and media professionals interviewed 

highlighted several challenges in covering waste 
management issues:

	 i.	 Resource Constraints: Limited resources and 
time pressures often prevent in-depth reporting 
on waste management.

	 ii.	 Commercial Pressures: There is often more 
focus on stories that drive higher viewership 
or readership, which can marginalize less 
sensational topics like waste management.

	 iii.	 Political Influence: Some journalists noted 
that political pressures can influence the 
framing and frequency of waste management 
coverage, particularly when it involves criticism 
of government policies.

	 iv.	 Finding: The media’s ability to cover waste 
management comprehensively is constrained 
by resource limitations, commercial interests, 
and political dynamics.

b. Strategies for Improvement
Interviewees suggested several strategies to enhance 

the media’s role in waste management:

	 i.	 Collaborative Reporting: Media houses could 
collaborate with environmental NGOs and 
academic institutions to access better data and 
resources for more in-depth reporting.

	 ii.	 Local Focus: Increasing coverage of local waste 
management issues, especially in rural areas, 
could help bridge the urban-rural divide in 
awareness and behaviour change.

	 iii.	 Innovative Storytelling: Using digital platforms 
to create interactive and visually engaging 
content can attract younger audiences and 
make waste management issues more relatable.

	 iv.	 Finding: There is potential for improving media 
coverage through collaboration, localized 
reporting, and innovative use of digital media.

4. Discussion

a. Media’s Role in Shaping Public Discourse
The findings underscore the media’s significant 

role in shaping public discourse on waste management 
in India. Media campaigns have been particularly 
successful in urban areas, where they have contributed 
to increased awareness and some degree of behavioural 
change. However, the impact is less pronounced in 
rural areas, pointing to the need for more inclusive and 
accessible communication strategies.

b. The Effectiveness of Media Campaigns
While media campaigns like Swachh Bharat 

Abhiyan have raised awareness, their effectiveness in 
driving sustained behavioural change is mixed. The 
success of these campaigns often hinges on their ability 
to provide not just information, but also actionable 
steps that the public can take. Moreover, the media’s 
focus on government initiatives tends to overshadow 
grassroots efforts, which could be equally or more 
effective in managing waste at the community level.

c. Challenges and Opportunities
The study highlights several challenges that limit 

the media’s effectiveness, including resource constraints, 
political pressures, and the urban-rural divide. However, 
it also identifies opportunities for improvement, such as 
leveraging digital media for broader reach and engaging 
in collaborative reporting to enhance the depth and 
quality of coverage.
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Conclusion
His study highlights the significant yet complex 

role of media in promoting waste management in 
India. Media campaigns, particularly those linked to 
government initiatives like Swachh Bharat Abhiyan, 
have been effective in raising awareness, especially 
in urban areas. However, the study reveals that while 
awareness has increased, the translation into sustained 
behavioural change remains uneven. Rural areas, in 
particular, lag behind in both awareness and behaviour 
change due to limited media reach and access.

The research also identifies several challenges that 
limit the media’s effectiveness in this domain. Resource 
constraints, commercial pressures, and political 
influences often lead to superficial coverage, with a 
focus on short-term, event-driven reporting rather 
than sustained, in-depth analysis. Additionally, the 
media’s emphasis on top-down government initiatives 

tends to overshadow grassroots efforts and local-level 
challenges, which are crucial for comprehensive waste 
management solutions.

Despite these challenges, the study finds 
opportunities for enhancing the media’s role through 
collaboration with environmental NGOs, innovative 
digital storytelling, and a greater focus on localized 
reporting. By addressing these gaps, the media can play 
a more influential role in driving both policy change 
and public engagement in waste management.

In conclusion, while the media has contributed 
to advancing waste management awareness in India, 
its full potential remains untapped. To maximize its 
impact, there is a need for more strategic, inclusive, 
and sustained media efforts that bridge the urban-
rural divide and support grassroots initiatives, thereby 
fostering a more informed and engaged public.
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Introduction
The control of the generation, storage, collection, 

transport or transfer, processing, and disposal of solid 
waste materials in a manner that effectively addresses 
the variety of public health, conservation, economic, 
aesthetic, engineering, and other environmental 
considerations is known as solid waste management. 
Plastic, paper, metal, organic waste, glass, hazardous 
non-toxic flammable radioactive components, industrial 
trash, household waste, and other materials are among 
the categories used to categorize these materials. The 
leftover portion of raw materials from an item’s initial 
use is known as solid waste. These solid wastes are 
produced in the environment as a result of different 
human activities within civilization [1]. According to 
observations, the rate at which municipal solid trash 
is created per person in our nation is between 0.3 and 
0.7 kilogram.Solid waste comes from various kinds of 
sources in the environment. Waste from industrialization 
is produced in civilizations due to population growth. 
Wastes are produced as a result of the different human 
activities that occur in society [2, 3].

It has been noted that the waste scenario is quite 
dangerous in a large number of hospital solid wastes. 
Solid waste from hospitals is produced during diagnosis 

and treatment. Hazardous solid waste is also produced 
during biological product testing and production. It 
has been noted that hospital wastes pose a serious risk 
to human health, with just around 5% of them being 
non-infectious and the remainder being infectious [4]. 
Numerous microorganisms found in infectious waste 
can cause a wide range of illnesses in both humans and 
animals, including AIDS, whooping cough, pneumonia, 
tetanus, hepatitis A, B, and C, and tuberculosis.

The amount increased during the Covid-19 
pandemic period has led to a rise in waste management 
difficulties, particularly with regard to hospital trash and 
non-medical household garbage [5]. The production and 
consumption of items which includes hand sanitizers, 
masks, gloves, cleaning supplies, thermometers, toilet 
paper, and other items have grown as a result of 
government regulations during the epidemic, such as 
stay-at-home orders, institutional lockdowns, and the 
necessity for preventive measures. Every household 
is seen to be producing more rubbish than they have 
in the past. During the Covid-19 Pandemic, medical 
facilities generate a variety of waste items, including 
non-hazardous, pathological, chemical, radioactive, 
infectious, pharmaceutical, and cytotoxic waste. The 
World Health Organization (WHO) has estimated that 
76 million plastic-based protective eyewear and 89 
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million plastic-based medical masks will be purchased 
globally each month [6].

Disposal of Solid Waste
It has been noted that the most prominent 

technique for disposing of solid garbage in India is open 
dumping. Additionally, a lot of trash is seen to be lying 
alongside the highways as one passes along a highway. 
It has been discovered that inappropriate collection 
and transportation methods have an impact on the 
properties of solid waste. The sorts of solid wastes can 
also be influenced by inadequate infrastructure, shoddy 
planning, a lack of knowledge regarding collection 
schedules, a shortage of trucks for collecting solid trash, 
and terrible roads. Additionally, it is occasionally noticed 
that such materials are utilized to fill land depletion 
without the required consultations or are unlawfully 
poured into rivers and canals. Pokhrel and Viraraghavan 
claim that there are not enough financial resources, 
no laws, adequate equipment, and all of the designed 
landfills add to the problem of unsafe disposal of solid 
waste. Tadesse et al. studied the variables that affect 
how household waste is disposed of [7]. Open burning 
of these dumps occasionally results in the discharge 
of smokes and dangerous gasses when sufficient heat 
is produced to cause a spontaneous combustion. It has 
been noted that hazardous substances are seeping into 
subterranean water sources due to deterioration in soil 
quality. 

The Effects of Plastic Waste Disposal on 
Public Health

These consist of man-made organic polymers that are 
utilized for a variety of applications, such as packaging 
for food, medical supplies, water bottles, electronics, 
apparel, and building materials. Approximately 6.4 
billion plastic tons have been created globally, with 8% 
to 11% of that amount being recycled. Because of the 
rise in plastic demand, which has a negative impact on 
the pollution of the environment? Water bottles, food 
packaging, medical gadgets, and other consumable 
items are made of plastics, which can include hazardous 
substances including phthalates, heavy metals, 

polychlorinated biphenylethers, nonylphenol, bisphenol 
A, dichlorodiphenyldicholoroethylene, phenanthrene, 
etc. Because so much plastic is released into the water, 
the marine habitat is being negatively impacted, which 
has an adverse effect on aquatic life [8].

It is also observed that because of long term use 
and exposure of plastic products and plastics to high 
temperature leading to leaching of toxic chemicals 
into water, food and drinks etc. Because of that there 
should be a global prevention and control of plastic 
wastes managements in the world. Many animals are 
poisoned by toxic components from plastic products 
and plastics wastes con be adversely affected for 
human consumption of food. We know that many 
plastic polymers are lethargic and of little concern 
to public health, however different types of additives 
are responsible for the suspected health risks. Due to 
bioaccumulation of micro plastics in the food chain 
after ingestion by a wide range of freshwater and marine 
lives leading to a public healthit is observed that many 
fishes, birds, seals, turtles and other marine animals are 
died by suffocation of entanglement in plastic debris.

Process of Solid Waste Managements
The world’s population is growing daily, which 

causes a rise in the production of solid waste. Solid 
waste management is the process of gathering and 
handling solid trash, as we all know. It is simply the 
process of converting solid trash into a recycled resource 
that may be used. Industrialization has increased both 
the positive and negative aspects of life. Solid-waste 
management is defined as “the collecting, handling, 
and disposal of solid material that is discarded because 
it has served its purpose or is no longer useful,” by 
Britanniaca. Because there is a rise in the proportion 
of this material in the environment, which raises the 
proportion of environmental contamination. 

The following are some of the important methods:

Sanitary Landfill
This is currently the most widely used and effective 

method for disposing of solid waste. This technique 
can be used to dispose of both organic and inorganic 
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wastes, as well as a mixture of all waste kinds and inert 
wastes, on land that is employed as a major source of 
greenhouse gasses, such as carbon dioxide and methane. 
To stop water seepage, layers of sand, clay, topsoil, and 
gravel are placed over the landfill when it is full.

Burning
Wastes that are solid are burned in it at high 

temperatures till they turn to ash. When solids are 
burned using this approach, moderate heat is released. 
This approach is helpful for managing solid waste for 
institutions, municipalities, and even private citizens. 
This method’s benefit is that it reduces solid waste 
volume by around 21% to 32% of its initial volume.

Pyrolysis
By using this process, wastes are chemically broken 

down by heat in the absence of oxygen, at a temperature 
close to 431 degrees Celsius, and under pressure. The 
solid wastes are then transformed into ash, solid carbon 
residue, and gasses. This method’s primary benefits are 
the reduction of health and settlement issues as well as 
the maintenance of a clean environment.

Recycling
Reusing or recycling goods that are still useful but 

have been abandoned is simply the act of recovering 
resources. We can automatically recycle things like tins, 
glass, plastic bags, and containers with the use of this 
method. The most industrialized countries of today 
have a long history of recycling as a means of reducing 
trash production. This method’s primary benefit is its 
environmental friendliness [9, 10].

Conclusion
Although there are a lot of innovative methods 

for managing solid waste, land filling is still the most 
effective approach in the north-eastern region of Illinois. 
While treatment and disposal are the only things waste 
management deals with, it also includes reducing 
trash generation, collecting, sorting, and properly 
transporting waste to its appropriate recycling centres. 
The amount of solid waste can be reduced by using the 
pyrolysis method of solid waste management. Using a 
manual method, solid trash is separated at the village 
dump site in order to recover and reuse commodities 
such as rubber, plastic, glass, and metal.
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Introduction
Wetlands are considered the most biologically 

diverse of all ecosystems, serving as home to a wide 
range of plant and animal life. It includes salt marshes 
and salt meadows, as well as sewage farms and settling 
ponds. The wetlands are used to treat Muzaffarnagar 
sewage, and the nutrients contained in the waste water 
sustain fish farms and agriculture. It comprises a large 
number of water bodies (Kundu et al., 2008) [8].

Chromium belongs to the 6th group and 4th period 
of the block d series in the periodic table. Chromium 
occurs in oxidation states Cr(0) to Cr(VI), but only 
Cr(III) and Cr(VI) are biologically significant.Trivalent 
chromium, Cr(III) is less soluble than the hexavalent 

chromium and is hundred times less toxic, less soluble 
and less mobile, mostly found as oxides, hydroxides or 
sulphates, generally bound to organic matter in soils 
and is an essential micronutrient for humans (Rahman 
and Rahman, 2005).

Chromium is an essential trace mineral (~200 mg/
day) required by humans for health. It is involved in 
the metabolism of carbohydrates, fats, and proteins 
whereas the high valence hexavalent chromium Cr(VI), 
usually found as oxyanions (Mistry et al., 2010) [11] is 
toxic, mutagenic, carcinogenic (respiratory tract cancer, 
listed as class A human carcinogens by the US-EPA), 
teratogenic and corrosive (causes chronic ulceration 
and perforation of nasal septum).
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ABSTRACT
This is the first time where Proteus sp. has been isolated from waste water which has higher potential for 

bioremediation. Chromium (Cr) compounds are used in dyes and paints and in the tanning of leather. So they 
are found in soil and ground water at abundant industrial sites, now needing environmental clean-up and 
remediation. More toxic Cr (VI) is reduced by the chromium reducing bacteria to Cr(III) which is less toxic. 
Isolation of chromium reducing bacteria from water samples  from  the industrial area of muzaffarnagar 
was done to observe the effect of Chromium on them, to study their growth curve characteristics and for 
remediation assay of heavy metal contaminated industrial wastes by evaluating their Cr(VI) reducing ability 
through chromate reductase activity. Potassium dichromate (K2Cr2O7) and potassium chromate (K2CrO2) 
were employed for the growth of these bacteria. Attempts were made to isolate the genomic DNA of the organism 
and to amplify its 16S rRNA gene for identification of the organism using Bioinformatics tools. The organism 
identified was Proteus sp. Fourier transform infrared (FT-IR) spectroscopic study was performed to obtain 
information of the possible cell-metal ion interaction. This study has application in terms of bioremediation 
of metal contaminated industrial waste water with the bacteria isolated from waste water. This process is 
environment friendly and cost effective. Moreover the chromate reductase enzyme from isolated bacteria can 
be purified and immobilized which can be further used to detoxify of Cr from tannery wastes.

Keywords: Chromium reducing bacteria, chromate reductase, bioinformatics, FTIR



Prabandhan Guru, ISSN: 2321-4295
Special Issue, March 2023

RNI No.: UPENG/2010/38376

79

Hexavalent chromates are strong oxidizing agents. 
Chromate oxyanions, analogous in structures with 
sulfate and phosphate ions, can readily permeate 
through biological membranes and their intracellular 
reduction results in the dire consequences of the 
chromate induced toxicity. The intracellular reduction 
of Cr(VI) generates Cr(V), Cr(III) valence states 
and reactive oxygen species (ROS), the molecular 
mechanisms of mutagenesis involve the formation 
of ternary adducts of intracellular Cr(III) with DNA, 
proteins and oxidative damage of DNA by Cr(V) and 
ROS (Desai et al., 2008) [1].

Thus, metal also brings about serious environmental 
pollution, threatening human health and ecosystem. 
Sources      of chromium pollution (Desai et al., 2008; 
Edward Raja et al., 2009) [1, 2] include metallurgy 
(finishing of metals), dyes 1and pigment, petroleum 
refinery, inorganic chemical production, pulp producing 
industry, chromium metal production and leather 
tannery. Untreated effluents from these industries have 
an adverse impact on the environment (Desai et al., 
2008) [1].

Cr(VI) (chromate) is a widespread environmental 
contaminant. Bacterial chromate reductases can 
convert soluble and toxic chromate to the insoluble 
and less toxic Cr(III). Wetland it is the most common 
heavy metal contaminant, ranging in concentration 
between 3.200-0.520 mM. Several bacteria possess 
chromate reductase activity that can convert chromate 
to Cr(III), which is much less toxic and less soluble, 
and thus reduction by these enzymes affords a means of 
chromate bioremediation and is effective in removing 
chromate from the environment (Park et al., 2000) [14].

Environmental clean-up strategies for Cr(VI) 
removal involve physicochemical and biological 
detoxification. Major limitations of the first procedure 
are the high energy inputs, different chemical treatments 
and generation of unnecessary sludge, reactive 
chemical species as secondary wastes whereas the 
second means is more ecofriendly and an economically 
feasible technology. Bioreduction and biosorption of 
Cr(VI) using bacterial, fungal, yeast or plant biomass 

are amongst the most lucrative strategies currently 
employed for removal of chromium by biological means 
(Johncy et al., 2010) [6].

Bioreduction of Cr(VI) has been demonstrated 
in several bacterial species including Pseudomonas 
sp., Escherichia coli, Bacillus sp., Desulfovibrio sp., 
Microbacterium sp., Shewanella sp., Achromobacter 
sp. and Arthrobacter sp. Possible application of a 
locally isolated environmental isolate, Acinetobacter 
haemolyticus to remediate Cr(VI) contamination in heavy 
metal contaminated water system was demonstrated 
appearing to favour the lower concentrations (10–30 
mg/L) (Zakariaa et al. 2007) [17]. Hexavalent chromate 
reductase activity was localized and characterized in vitro 
in cytosolic fraction of a newly isolated Pseudomonas sp. 
G1DM21 from Cr(VI) contaminated industrial landfill. 
The suspended culture of the bacterium reduced 99.7% 
of 500 μM Cr(VI) and 93.06% of 1000 μM Cr(VI) in 48 
h. The suspended culture repeatedly reduced 100 μM 
Cr(VI) within 6 h up to four consecutive inputs (Desai 
et al., 2008) [1]. Direct bacterial reduction of Cr(VI) 
to Cr(III) is the most promising practice with proved 
expediency in bioremediation. Lysinibacillus fusiformis 
ZC1 isolated from Cr contaminated wastewater of a 
metal electroplating factory displayed high chromate 
[Cr(VI)] resistance. It almost completely reduced 1 mM 
K2CrO4 in 12 h. The large numbers of NADH-dependent 
chromate reductase genes may be responsible for the 
rapid chromate reduction in order to detoxify Cr(VI) 
and survive in the harsh wastewater environment (Hea 
et al., 2011).

The objective of this particular experiment is 
to isolate chromium reducing bacteria from the 
waste water samples from muzaffarnagar  and this 
experiment explores the Cr reducing bacteria having 
higher bioremediation capacity. These Cr(VI) resistant 
bacteria can be used for environmental clean-up and 
bioremediation of heavy metal contaminated industrial 
wastes. These type of bacteria can reduce toxic Cr(VI) 
to less toxic Cr(III). This may improve the local ecology 
and minimize the toxic effects of Cr(VI). Purified 
chromate reductase if properly immobilized can be 
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used repeatedly for bioremediation of Cr(VI) from 
leather industry waste.

This experiment deals with the study of the growth 
pattern of the isolated bacteria in the presence as well as 
in the absence of K2CrO4 (1 g/L) and its metal remediation 
assay by measuring the chromium reductase activity. 
For instance growth curve was done to see whether the 
growth of the microbe is slowed down by the effect of 
such substances. Such knowledge can only be obtained 
if we study the growth of the microbe from time of 
inoculation till it reaches the stationary phase. Such a 
comparative study will throw light upon very important 
aspects regarding the antimicrobial activity or how 
the presence of the interacting substances affects the 
growth of the microbe. The study also aims to observe 
the effect of chromium compounds on bacteria isolated. 
FTIR study was performed to obtain information of the 
possible cell-metal ion interaction. Lastly the genomic 
DNA of the organism was isolated and its 16S RNA 
gene was amplified for identification of the organism 
using Bioinformatics tools.

Material and Methods
Sample Collection

Water samples were collected from different 
sites of near by the area of affected by chemically 
deteorated water generated from different industries 
in  muzaffarnagar dictrict lacated in western U.P.  in 
a sterile stopper bottle in summer. They  were then 
brought to laboratory for further analysis. They were 
labeled as leather complex inside (LCI), leather complex 
outside (LCO) and log gate (LG) at Kultighat.

Materials Required
Different media like Luria Bertani (L.B) Broth and 

agar, Nutrient Broth (N.B) of analytical grade were used 
for the growth of the isolated microorganisms. Potassium 
Chromate (K2CrO4) and Potassium Dichromate 
(K2Cr2O7) were used as Cr(VI) salts for observing 
the effect of chromium on the microorganisms. 
Concentrations of both the salts were taken from 1 g/l 
to 10 g/l. The intermediate concentrations are 1.5 g/l, 
1.75 g/l, 2 g/l, 2.5 g/l and 5g/l.

Screening and Isolation of Microbes in the 
Collected Samples

While culturing the three samples were screened 
separately. 1 ml each of the samples (LCI, LCO and 
LG) was suspended in three flasks containing 50 ml 
autoclaved L.B media, respectively. They were then 
incubated at 37 ºC for 48 hours. Loopful of inoculums 
from the above the three culture flasks were streaked on 
prepared autoclaved L.B agar plate. The plates were then 
incubated for growth of organism at 37 ºC for 24 hours. 
0.1 ml of inoculums from each of the culture flasks was 
suspended in three flasks containing 50 ml autoclaved 
L.B media, respectively. They were then incubated at 
37  ºC  for 48  hours. Loopful of inoculums from the 
above the three sub-culture flasks were streaked on 
prepared autoclaved L.B agar plate. The plates were 
then incubated for growth of organism at 37 ºC for 24 
hours. Further work was done with the three selected 
colonies. LCO (leather complex outside) streaked plate 
showing marked isolated colonies and were marked 
as area -1, 2, 3 and used for replica-plating on the L.B 
agar plate containing K2Cr2O7 (10 g/l). The plates were 
then incubated at 37 ºC for 24 hours. Three L.B agar 
plate containing K2Cr2O7 (10 g/l) was streaked from the 
subculture broth. The plates were then incubated at 37 
ºC for 24 hours. Marked isolated colonies were grown on 
different concentrations of K2Cr2O7 (Desai et al., 2008; 
Shakoori et al., 1999) [1, 16] such as 1g/l, 2.5g/l, 5g/l on 
L.B agar plate and incubated as above. Above steps were 
performed for all the 3 colonies thus the experiment 
was performed in the sets of three.To determine the 
growth limiting concentration of K2Cr2O7, L.B agar 
plates containing different concentration of K2Cr2O7 
were prepared (1.5g/l, 1.75g/l, and 2g/l) and streaked 
with the inoculums from the 3 plates of 1g/l of each 
colony respectively. The plates were then incubated at 
37 ºC for 24 hours. Isolation of the selected bacterial 
culture was done from L.B agar plate of 1.75g/l K2Cr2O7 

of colony-3 & was used to inoculate L.B Broth -100 ml 
for further experiments. Inoculums from above broth 
were streaked on L.B agar plates and pure isolated 
colonies obtained and preserved.
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Effect of Potassium Chromate on Isolated 
Culture

Two L.B broths were prepared which served as 
the control- one without K2CrO4 and the other with 
1 g/l K2CrO4. Two more L.B broths were made where 
selected inoculum was added to respective flasks - one 
without K2CrO4 and the other with 1 g/l K2CrO4 and 
then incubated at 37 ºC for 24 hours. To the see the 
effect of K2CrO4 (1 g/l) on different media the above set 
up was repeated with four Nutrient broths. The pH of 
the media was checked.

Gram Character and Morphology
Characteristics study of colonies like morphology, 

Gram character and shape was recorded using Gram 
staining method under light microscope. Phase contrast 
microscopy was performed with the isolated colonies.

Determination of Minimum Inhibitory 
Concentration (MIC) and Growth Curve

Media were prepared in duplicate for different 
concentrations of K2CrO4. One set kept as control of 
different concentrations to compare the results with 
and the other set to which 0.1 ml of inoculum was 
added and incubated at 37 ºC for 24 hours following 
the method of Edward Raja et al. (2009) [2]. Readings 
were taken at 600 nm after certain interval of time. A 
graph was plotted (O.D. v/s Time).

To compare the growth curve (Zolgharmein et al., 
2010) of the organism grown in presence and absence of 
K2CrO4 (1 g/l), two sets were prepared-one containing 
plain L.B broth and the other containing L.B Broth + 
K2CrO4 (1g/l). The tubes were then maintained at 37 
ºC for the respective time interval. Readings were taken 
after each ½ hour but due to time limit only 5 hours 
could be maintained and O.D. at 600 nm was recorded. 
Chromate reductase assay Bacterial chromate reductase 
can convert soluble and toxic chromate to the insoluble 
and less toxic Cr(III). NADH acts as coenzyme for 
enzyme activity (Rahman and Rahman, 2005). For 
the enzyme assay, stock solutions of the following 
chemicals were prepared- 0.5 mM K2CrO4, 1 M H2SO4, 

1% Diphenylcarbazide (DPC dissolved in acetone and 
distilled water, 1:1 [v/v]), 1 mM NADH and 0.1 M Tris- 
HCl buffer (pH 8). The standard curve was prepared by 
varying the concentrations of K2CrO4 from 0 to 25 µM 
along with 0.1 M H2SO4 (0.5 ml), 0.01% DPC (0.5 ml) 
and volume was made up to 5 ml with distilled water. 
The resulting pink colour formed by reaction of Cr(VI) 
with DPC was observed at 540 nm in spectrophotometer. 
Resting cell extract and spheroplast suspension was 
prepared using the method described in Desai et al. 
(2008) [1]. NADH reductase assay was performed 
with both the suspensions following the method of 
Ishibashi et al. (1990) [5]. The Chromate reductase 
assay involves (Ishibashi et al., 1990) [5] incubation of 
cell suspensions with 100 mM Tris-HCl buffer, 0.1 mM 
NADH and 25 µM K2CrO4 for 5 hours and the reaction 
was then stopped with 0.1 M H2SO4. Then 0.01% DPC 
was added for colour development along with addition 
of distilled water and the absorbance was taken at 540 
nm. The control was prepared without Cr(VI) and the 
experimental tube contained Cr(VI).

Genomic DNA Isolation and PCR and 
Bioinformatics  

Isolation of genomic DNA was performed with 
MB505: HiPur ATM bacterial and yeast genomic DNA 
Maniple Purification Spin Kit. The isolated genomic 
DNA was then stored at -20 °C. PCR amplification 
of this DNA was performed with common universal 
primers like 16S-27F and 16S-1492R at 2 mM MgCl2 
concentration and 44 °C annealing temperature.

DNA purification was done with Hi PurATMAgarose 
Gel DNA Purification Spin Kit. The purified DNA can 
be used for further downstream applications. To do 
the sequencing, the entire PCR product was subjected 
to agarose gel electrophoresis. After the completion 
of electrophoresis, gel extraction was performed. The 
DNA bands were excised from the ethidium bromide 
stained gel with a clean razor blade, using UV light and 
then placed in a 2.0 ml collection tube. The gel slice 
was then weighed and accordingly 3 volumes of Gel 
Bind Buffer (HG) (DS0023) (yellow color signifies the 
pH to be ≤7.5) was added per slice volume. It was then 
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incubated at 50 °C for 5-10 minutes in a water bath. The 
content is mixed every 2-3 minutes so that the agarose 
is completely dissolved (100 mg- 300 µlwhich means 
100 mg of gel slice is dissolved with 3 volumes i.e. 300 
µl of gel bind buffer). 1 gel volume of isopropanol was 
added to the sample and mixed. The sample was loaded 
onto the Hi Elute Miniprep Spin Column (DBCA02) 
and centrifuged at 10,000 rpm for 1 minute. The 
column was then placed in a new collection tube. 750µl 
of Gel Wash Buffer was added and centrifuged for 1 
minute at 10,000 rpm. The flow through was discarded 
and the column was placed in the same collection tube 
and spin for an additional 1 minute at 10,000 rpm 
to remove excess of ethanol. 50 µl of Elution Buffer 
(Bangalore Genei) was added directly onto the center 
of the Hi Elute Miniprep Spin Column (Borosil). It was 
then incubated at room temperature (15 °C – 25 °C) 
for 1 minute. It was then centrifuged at 10,000 rpm for 
1minute to elute DNA. The eluted DNA was then sent 
for sequencing to the company XCELRIS LIMITED. 
By the use of the universal primers 1.5 kb sequence of 
amplified 16S rRNA gene fragment was determined. 
The purified PCR product was sent for sequencing by 
automated DNA Analyzer. BLASTn program at NCBI 
server was used to identify and download the nearest 
neighbor sequences from the NCBI database. All the 
sequences were aligned using ClustalW2 program at 
http://www.ebi.ac.uk/Tools/msa/clustalw2/ (Larkin et 
al., 2007; Nicholas et al., 1997) [9, 13]. The phylogenetic 
tree was constructed using aligned (Goujon et al., 
2010) [3] sequences by the neighbor joining algorithm. 
Biochemical characteristics of the bacterial strain were 
studied.

Fourier Transform Infrared (FT-IR) 
Spectroscopy

Three L.B agar plates prepared - one without salt 
and the other   two   with   1.5g/l   K2CrO4 and 1.75g/l 
K2CrO4 respectively. The plates were streaked with the 

culture organism and incubated at 37 ⁰C for 24 hours. 
The bacterial growth culture obtained was suspended 
in 30 µL double distilled water and was used for FTIR 
(Kamnev, 2008; Mangaiyarkarasi et al., 2011; Naumann, 
2008) [7, 10, 12].

Results and Discussion
Screening and Isolation of Microbes in the 
Collected Samples

Heavy growth was observed in the culture flasks 
as the sample was heavily contaminated. Due to 
heavy growth on all plates no proper isolated colonies 
observed. Growth and turbidity observed in all three 
flasks due to subculture. The streaked plates from the 
sub-culture excluded LCI and LG due to lawn type of 
heavy growth. Three isolated colonies were marked 
from LCO as colony 1, 2 & 3 which were used for 
further experiments.

The nature of growth of the marked isolated 
colonies on different concentrations of K2Cr2O7 is given 
in Table 1. From the table it is evident that the growth 
range of the isolated organism lies between 1-2.5 g/l. 
Isolation of the selected bacterial culture was done from 
L.B agar plate of 1.75g/l K2Cr2O7 of colony-3 (Fig. 1) 
since colony-1 and 2 showed limited growths.

Fig. 1. Isolation of the selected bacterial culture from 
L.B agar plate of 1.75 g/l K2Cr2O7 of colony-3
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The organism was able to grow well in K2CrO4 

medium. The organism grew well even in different 
media of Nutrient Broth. As the pH of the media rises, 
thus the organism makes the medium alkaline (pH 
9.0 in case of L.B and pH 8.0 in case of N.B without 
K2CrO4) compared to control (pH 7.5 in L.B and pH 7.0 
in N.B without K2CrO4). This effect was combated in the 
presence of potassium chromate due to the presence of 
chromic acid. Thus the pH of the L.B medium changed 
to 7.5 from pH 8.0 (control) in presence of 1g/l K2CrO4 

and that of N.B changed to pH 7.0 from pH 7.5 (control) 
in presence of 1g/l K2CrO4.

Gram Character and Morphology
The morphology of the isolated colony 1 was white, 

flat, rough and non-glossy whereas colony 2 and 3 were 
off- white, raised, glossy and smooth. The gram staining 
is shown in Fig. 2A and 2B. The organism obtained is 
gram- negative in character and rod shaped. Presence 
of potassium chromate affects the cell division property 
of the cell thus resulting in the formation of ribbon-
like structures. Under phase contrast microscope, the 
organism was found to be motile, as they were living 
cells.

Fig. 2A. Gram staining of the organism grown in plain 
L.B under 400X magnification

Fig. 2B. Gram staining of the organism grown in 
L.B with K2Cr2O7 showing ribbon like structure due 
to the effect of chromium metal ions under 400X 

magnification

Table 1. Growth of the marked isolated colonies on 
1 g/l, 1.5 g/l, 1.75 g/l, 2 g/l, 2.5 g/l, 5 g/l K2Cr2O7

Concentration/
Colony

1g/l

K2Cr2O7

1.5g/l 
K2Cr2O7

1.75g/l

K2Cr2 O7

2g/l

K2Cr2O7

2.5g/l 
K2Cr2O7

5 g/l 
K2Cr2O7

Colony 1 +++ - - - + -
Colony 2 +++ + - - + -
Colony 3 +++ ++ +++ - ++ -

Legend: +++indicates heavy growth, ++ indicates medium growth, + indicates low growth Effect of potassium 
chromate on isolated culture
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Determination of Minimum Inhibitory 
Concentration (MIC) and Growth Curve

From the graph in Fig. 3 it was noted that the 
microbe remained unaffected till 1.5 g/l concentration 
of potassium chromate after which the microbe was 
affected by higher concentrations. The growth of the 

microbe was slowed down and the slope was of gentle 
type as is evident in Fig.2.The isolated microbe can 
tolerate up to 10 g/l Cr(VI) but we have taken the 
concentration of Cr(VI) in the range between 1 g/l to 
2.5 g/l in subsequent experiment because growth curve 
was not affected in this range.

Fig. 3. Determination of minimum inhibitory concentration

Fig. 4. Growth curve of the isolated microorganism
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Chromate Reductase Assay
The resting cell extract and spheroplast suspension 

showed the tenfold reduction in chromate reductase 
assay and the activity of the enzyme was found  to be 
0.075 µM/min.

NADH reductase assay revealed that the chromate 
reductase enzyme requires NADH as coenzyme. The 
result of the chromate reductase assay is given in Table 
2.

Table 2. Chromate reductase assay with resting cell and spheroplast suspension extract

Cell suspension Amount of 
Chromium, µM

% Fold 
reduction

1. Resting cell extract Initial 25 100 0
After experiment 2.5 10 10

2. Spheroplast suspension extract Initial 25 100 0
After experiment 2.5 10 10

Legend: Control: without Cr (VI), Experiment: with Cr(VI)

Genomic DNA Isolation and PCR and 
Bioinformatics

The genomic DNA was successfully isolated from 
the bacterial sample and was visualized on agarose gel 
as shown in Fig. 5. PCR amplified DNA was visualized 
in 0.8% agarose gel as shown in Fig. 6. The sequence 
of the 16S rRNA gene of the isolated organism was 
obtained with forward and reverse primers. The 
nucleotide sequence of 1000 bp DNA was submitted to 
GenBank (accession number KC480056).The BLAST 
results and the phylogenetic tree are given Table 3a and 
3b and Fig. 7A and 7B. Thus the organism isolated was 
found to be Proteus sp. After the knowing that the given 
organism was Proteus sp., its properties were compared 
to the one isolated in the experiment. Following were 
the points found to be similar: Both are gram-negative, 
facultative anaerobic, rod shaped bacterium. Swarming 
motility is observed in both. Proteus sp. inhabits the 
intestinal tracts of humans and animals. It can be found 
in soil, water and fecal matter. Due to its ability to make 
the growing media alkaline, it is used as identification 
tool in many biochemical reactions. Proteus sp. has 
bioremediation potential.

Fig. 5. Isolated genomic DNA band in lane 1 of 0.5% 
agarose gel.
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Fig. 6. PCR amplified DNA shown in lane 4 compared with DNA ladder in lane 1 in 0.8% agarose gel. 
Lane 1→DNA ladder (From top in kilobases – 2.5, 2.0, 1.5, 1.0, 0.5, 0.25), Lane 4 → PCR amplified DNA

Table 3. BLAST results with forward primer (FP) and reverse primer (RP) sequences
a) Blast result with FP sequence

Accession Description Max 
score

Total 
score

Query 
coverage

E 
value

Max 
ident

JF946783.1 Proteus sp. P242 16S ribosomal RNA gene, partial 
sequence

1500 1500 99% 0.0 95%

JN222368.1 Proteus sp. pro1 16S ribosomal RNA gene, partial 
sequence

1498 1498 99% 0.0 95%

JN092590.1 Proteus mirabilis strain FFL2 16S ribosomal RNA 
gene, partial sequence

1498 1498 99% 0.0 95%

JF946807.1 Proteus sp. A729 16S ribosomal RNA gene, partial 
sequence

1498 1498 99% 0.0 95%

JF947362.1 Proteus mirabilis strain 2115 16S ribosomal RNA 
gene, partial sequence

1498 1498 99% 0.0 95%

b) Blast result with RP sequence

Accession Description Max 
score

Total 
score

Query 
coverage

E 
value

Max 
ident

AB626123.1 Proteus mirabilis gene for 16S rRNA, partial sequence, 
strain: JCM 1669

1565 1565 98% 0.0 97%

JN092590.1 Proteus mirabilis strain FFL2 16S ribosomal RNA 
gene, partial sequence

1565 1565 98% 0.0 97%

HQ407312.1 Proteus mirabilis strain HH137 16S ribosomal RNA 
gene, partial sequence

1565 1565 98% 0.0 97%

HQ169118.1 Proteus mirabilis strain FUA1240 16S ribosomal RNA 
gene, partial sequence

1565 1565 98% 0.0 97%

AY820623.1 Proteus mirabilis 16S ribosomal RNA gene, partial 
sequence

1565 1565 98% 0.0 97%
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Fig. 7A. Forward Primer

Fig. 7B. Reverse primer

Fig. 7. Phylogenetic tree with forward primer (A) and reverse primer (B) sequences
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Fourier Transform Infrared (FT-IR) 
Spectroscopy 

FTIR result is given in Fig. 8A and Fig. 8B. Fig. 
8B  displayed a broad stretching peak around 3400.66 
cm-1  characteristic of N-H and O-H stretching from     
polysaccharides and proteins compared to control in 
Fig. 8A. Cell wall is the probable site for the direct 
interaction of OH and Cr. This shows involvement 
of hydroxyl groups in Cr reduction. Significant shift 
in frequency from 1643.55 cm-1 to 1650.88 cm-1 
and 1644.54 cm-1 in Fig. 8B indicate protein C=O 
stretching in the Cr binding by the species. The peak at 

1077 cm-1 frequency is prominent and significant on 
exposure to Cr (VI) thus suggesting the involvement 
of either phosphate moiety or the C=O group in the 
interaction with Cr. The phosphate linkage appeared 
with 1.5 g/l of Cr (VI) in Fig. 8B. This is the evidence of 
the sufficient participation of phosphate groups in the 
chromium reduction. Stretching of the peak at 1650.88 
cm-1 from the control in Fig. 8A on exposure to 1.5 
g/l Cr(VI) implied the involvement of carboxylate 
groups in chromium adsorption on the biomass. FTIR 
in presence of 1.75 g/l K2CrO4 was similar to that of 
control in Fig. 8A.

Fig. 8A. FTIR of bacterial culture suspension in distilled water- Control without metal ion

Fig. 8B. FTIR of bacterial culture suspension in presence of 1.5 g/l K2CrO4
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Conclusion
The significance of the study is that the isolated 

organism was able to survive well up to 1.75 g/l 
concentration of potassium dichromate and 1.5 g/l 
concentration of potassium chromate. Due to presence 
of chromate, the cell division property of the cell was 
affected and thus ribbon like structure observed in the 
cell. Thus, the growth of the microbe is slowed down 
in the presence of the metal ions as the microbe tries 
to cope with the adverse effect of the metal ions on it, 
but at higher concentrations the cells are not allowed to 
fight back and thus the growth is inhibited as seen in 
MIC experiment. Chromium reductase assay showed 
that the organism is responsible for 10 fold reduction 
of chromium present. Not much change in NADH 

reductase activity in cell free extract shows the obvious 
relation of NADH reductase activity with chromate 
reductase activity in the organism. FTIR study showed 
phosphate group and carboxylate group to be interactive 
with the metal ion. The organism was identified to be 
Proteus sp. from bioinformatics study. The proposed 
process is environment friendly and cost effective. The 
chromium reducing bacteria has been successfully 
isolated from waste water. Leather factory is situated 
beside the waste water system. The finally released 
chromium in the waste from the factory is detoxified 
by microorganisms by their chromate reductase 
activity. If the chromate reductase enzyme is purified 
and immobilized then the immobilized enzyme can be 
used to purify the waste water.
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Introduction
As of July 2024, India is the most populated country 

in the world with an estimated population of 1.44 
billion people. India’s rapid urbanization, economic 
growth, and changing consumption patterns have led 
to a significant increase in waste generation.

The country produces approximately 730 million 
tons of waste annually, and this figure is expected to 
rise significantly in the coming years. The country 
grapples with a complex waste management scenario 
characterized by inadequate infrastructure, inefficient 
collection systems, lack of awareness, and improper 
disposal practices. The urgency of addressing waste 
management cannot be overstated, as improper waste 
disposal leads to severe environmental degradation, 
health hazards, and contributes to climate change. This 
paper underscores the urgent need for effective waste 
management in India, highlighting its environmental, 
health, and socioeconomic implications.

Types of Waste Generated in India
1. Municipal Solid Waste (MSW)

Municipal Solid Waste (MSW) includes household 
waste, commercial waste, and waste from institutions. 
It is the most visible form of waste and is composed of 
organic waste, plastics, paper, glass, and metals. India 
generates approximately 62 million tonnes of MSW 
annually, with a significant portion being improperly 
disposed of in open dumps or landfills.

2. Industrial Waste
India’s industrial sector is a major contributor to 

waste generation. Industrial waste includes hazardous 
waste, chemical waste, and by-products from 
manufacturing processes. The improper disposal of 
industrial waste has led to the contamination of water 
bodies, soil degradation, and air pollution.
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3. Electronic Waste (E-waste)
The rapid adoption of technology has led to a surge 

in electronic waste, including discarded electronic 
devices such as computers, smart phones, and 
televisions. E-waste contains toxic substances like lead, 
mercury, and cadmium, which can cause serious health 
problems if not properly managed. India is one of the 
largest producers of e-waste globally, generating around 
2 million tons annually.

4. Biomedical Waste
Biomedical waste, generated by healthcare facilities, 

includes syringes, bandages, expired medicines, and 
other medical equipment. The improper handling and 
disposal of biomedical waste pose a significant risk of 
infection and contamination, particularly in densely 
populated areas.

Statistical data for different types of waste generated in India as of 2024 
(in million tonnes per year)

Type of Waste Waste Generated (Million Tonnes/Year)
Municipal Solid Waste (MSW) 70
Industrial Waste 100
Biomedical Waste 0.6
E-Waste 3.5
Agricultural Waste 350
Construction and Demolition (C&D) Waste 144
Hazardous Waste 7.5
Plastic Waste 9.5
Organic Waste 45
Radio-active Waste 0.001
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This data provides an estimate of the amount of waste 
generated annually in India across various categories 
as of 2024. The figures can be used for analysis, policy 
planning, and waste management strategies.

Challenges in Waste Management in India
1. Inadequate Infrastructure

One of the primary challenges in waste management 
in India is the lack of adequate infrastructure for waste 
collection, segregation, and disposal. Many cities and 
towns lack proper waste management facilities, leading 
to the accumulation of waste in open areas, streets, and 
water bodies.

2. Lack of Public Awareness
Public awareness about the importance of waste 

management and the environmental impact of improper 
disposal is limited. There is a need for comprehensive 
educational campaigns to inform citizens about the 
benefits of recycling, composting, and reducing waste 
generation.

3. Policy Implementation
Although India has established various policies 

and regulations for waste management, their 
implementation remains a challenge. The gap between 
policy formulation and execution often results in 
inadequate waste management practices at the local 
level.

4. Informal Sector Involvement
The informal sector plays a significant role in waste 

management in India, particularly in the collection 
and recycling of waste. However, the sector is largely 
unregulated, leading to unsafe working conditions and 
environmental hazards.

5. Financial Constraints
Effective waste management requires substantial 

financial investment in infrastructure, technology, 
and manpower. Many local governments struggle 
with budget constraints, which hamper their ability to 
implement comprehensive waste management systems.

Table summarizing different types of waste generated in India, their sources and the 
corresponding challenges

Type of Waste Description Sources Management Challenges
Municipal Solid 
Waste (MSW)

Waste generated from households, 
offices, schools, etc. Includes organic 
waste, paper, plastics, glass, etc.

Urban and rural 
households, 
commercial areas

High volume, improper 
segregation, lack of 
infrastructure for 
recycling

Industrial Waste Waste generated from industrial 
activities. Can include hazardous and 
non-hazardous materials.

Factories, 
manufacturing units

Toxic substances, complex 
disposal requirements

Biomedical 
Waste

Waste generated from healthcare 
facilities, such as hospitals, clinics, and 
research labs.

Hospitals, clinics, 
research labs

Infectious and hazardous 
materials, specialized 
treatment needed

E-Waste Discarded electronic devices such 
as computers, mobile phones, and 
televisions.

Households, offices, 
electronic industries

Toxic materials, low 
recycling rate, informal 
sector involvement

Agricultural 
Waste

Waste generated from agricultural 
activities, including crop residues, 
fertilizers, and pesticides.

Farms, agricultural 
operations

Seasonal generation, 
potential for bio-energy, 
environmental pollution
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Construction 
and Demolition 
(C&D) Waste

Waste generated from construction, 
renovation, and demolition activities.

Construction sites, 
urban areas

Bulky materials, high 
potential for recycling, 
lack of proper disposal 
sites

Hazardous Waste Waste that poses substantial or 
potential threats to public health or the 
environment.

Chemical industries, 
refineries

Requires specialized 
handling and disposal, 
long-term environmental 
risks

Plastic Waste Waste consisting of plastic materials, 
which are non-biodegradable.

Households, 
packaging industries

Persistent pollution, 
challenging recycling 
processes

Organic Waste Biodegradable waste, such as food 
scraps, garden waste, and other organic 
matter.

Households, 
restaurants, 
agriculture

Potential for composting 
and biogas production, 
often improperly disposed

Radioactive 
Waste

Waste containing radioactive materials, 
usually generated from nuclear power 
plants or medical sources.

Nuclear power plants, 
medical research

Long-term containment, 
environmental and health 
risks

Stakeholders in Waste Management
	 1.	 Government: The paper analyzes the role 

of central and state governments in waste 
management, including policy formulation, 
regulation, and financial allocation.

	 2.	 Urban Local Bodies: It discusses the 
responsibilities of municipalities and other 
urban local bodies in waste collection, 
transportation, and disposal.

	 3.	 Private Sector: The paper explores the 
involvement of private companies in waste 
management services, recycling, and waste-to-
energy projects.

	 4.	 Civil Society: It highlights the role of NGOs, 
community-based organizations, and citizen 
groups in waste management awareness and 
advocacy.

The Urgent Need for Sustainable Waste 
Management
1. Environmental Protection

Improper waste management leads to environmental 
degradation, including air, water, and soil pollution. 

The accumulation of waste in landfills contributes to 
greenhouse gas emissions, particularly methane, which 
is a potent contributor to climate change. Sustainable 
waste management practices, such as recycling, 
composting, and waste-to-energy technologies, can 
significantly reduce the environmental impact.

2. Public Health
The improper disposal of waste, particularly 

hazardous and biomedical waste, poses significant 
health risks to the population. Exposure to toxic 
substances, such as those found in e-waste, can lead 
to serious health conditions, including respiratory 
problems, cancer, and neurological disorders. Proper 
waste management is crucial for protecting public 
health.

3. Economic Benefits
Sustainable waste management can create 

economic opportunities through the recycling and 
reuse of materials. The waste management sector has 
the potential to generate employment, particularly 
in the collection, segregation, and processing of 
waste. Additionally, the adoption of waste-to-energy 
technologies can provide a source of renewable energy.
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4. Resource Conservation
Waste management plays a vital role in conserving 

natural resources by promoting the recycling and 
reuse of materials. By reducing the demand for virgin 
materials, sustainable waste management practices can 
help conserve resources such as timber, minerals, and 
water.

Strategies for Effective Waste Management 
in India
1. Strengthening Policy Frameworks

India needs to strengthen its waste management 
policies and ensure their effective implementation at 
the local level. This includes stricter enforcement of 
regulations related to waste segregation, collection, 
and disposal, as well as incentives for recycling and 
composting.

2. Infrastructure Development
Investing in waste management infrastructure is 

critical for addressing the waste crisis in India. This 
includes the development of waste collection systems, 
recycling facilities, composting units, and waste-to-
energy plants. Public-private partnerships can play 
a significant role in financing and developing this 
infrastructure.

3. Promoting Public Awareness
Raising public awareness about the importance of 

waste management is essential for changing behaviour 
and encouraging sustainable practices. Educational 
campaigns, community engagement programs, and 
school curricula should emphasize the benefits of 
reducing, reusing, and recycling waste.

4. Encouraging the Informal Sector
The informal sector’s role in waste management 

should be recognized and supported through 
formalization and regulation. Providing training, safety 
equipment, and financial support to informal waste 
workers can improve working conditions and increase 
efficiency in waste management.

5. Adoption of Innovative Technologies
The adoption of innovative technologies, such 

as waste-to-energy plants, bioreactors, and advanced 
recycling techniques, can significantly improve waste 
management in India. These technologies can help 
reduce the volume of waste, generate renewable energy, 
and recover valuable resources.

6. Community Participation
Engaging communities in waste management 

initiatives is crucial for their success. Local communities 
should be involved in waste segregation, composting, 
and recycling efforts. Community-based waste 
management programs can be effective in reducing 
waste generation and promoting sustainable practices.

Conclusion
Waste management is a critical challenge facing 

India, with far-reaching environmental, health, and 
socioeconomic implications. It is an urgent national 
need in India that requires immediate attention and 
action from all stakeholders, including the government, 
private sector, and civil society. The growing waste crisis 
poses significant environmental, health, and economic 
challenges that cannot be ignored. By implementing 
effective waste management practices, India can 
improve public health, protect the environment, and 
create economic opportunities. This paper provides 
a comprehensive overview of the waste management 
crisis in India and the need for urgent action.
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ABSTRACT
Solid waste is an undesirable, damaging, and wasted substance originating from day-to-day civic events. 

Management of the solid wastes can be described as the process of managing solid waste generation, storage, 
collection, transport, treatment and disposal. The growth status of a nation can be described in several ways. 
The degree of industrialization and the availability of financial resources determine how this publication is 
growing in terms of its impact on solid waste management. The new economic environment has a greater 
influence on the state of economic growth than the current state of the economy (prosperity vs. recession). The 
level of mechanization and use of technical tools is a measure of industrialization degree. Whether for good 
reason or not, the terms “developed”, and “industrialization” are frequently used synonymously. Regarding 
solid waste management, it is challenging to establish a precise structural definition because to variations in the 
rate of growth between regions. For instance, in a developed nation, the population of a sizable metropolitan 
area—typically the province capital and its environs—may be growing at a rate far faster than that of the 
entire country. However, these groups do not completely reject the limitations imposed by the country’s stance. 
The planet’s capacity to support human life is influenced not just by the dietary requirements of  also by the 
rates at which we use resources, the amount of trash we produce, and the technology we use for a variety 
of purposes. Along with the increase in population and the increasing consumption of resources, we have 
essentially surpassed the planet’s carrying capacity.

Keywords: Industrialization, prosperity, recession, solid garbage, waste management, landfill, Environment.

Introduction
The planet’s natural reserves are currently 

insufficient to meet human needs and sustain economic 
activity. Global warming has illustrated the danger of 
exceeding the planet’s capacity to absorb our trash. 
The consequences of making essential resources more 
widely available, however, and the extent to which we 
have already progressed in this chain are less generally 
understood and are instead seen from an industrial 
and commercial standpoint. The development of 
waste management systems is largely driven by the 
planet’s capacity [1]. Perhaps the most traditional 
approach to managed garbage is landfilling. Landfilling 
was a common practice up until the 1970s, when 

it was done carelessly and without regard for the 
environment, human health, or economic efficiency. 
It was done wherever it was convenient. However, 
the current circumstances have changed not because 
of the comprehension and importance of waste 
management, but in addition to other issues [2]. The 
capacity of landfills in metropolitan areas is becoming 
a terrifying and serious issue. The issue creates a 
political incentive to divert garbage to numerous 
other treatment approaches. Reducing the amount of 
garbage that ends up in landfills is the current trend 
in advanced waste management plans across nations. 
For instance, in Hong Kong, the initiative’s Rather than 
resource exploitation, the motivating cause was the 
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insufficient capacity of landfills. Regarding recycling, 
expanding waste-to-energy projects, technological 
advancements, and instruments for reducing emissions 
have significantly reduced the amount of garbage going 
into landfills, mostly in Europe. In the future, this could 
serve as a model for other countries [3]. It specifically 
relates to areas where finding adequate landfill capacity 
is an issue and the areas where these remedies are 
still not fully implemented. It is also expected that 
soon, improvements in product design that are more 
ecologically friendly will be feasible and will change 
the way energy harvesting systems look. Landfilling 
is inevitable due to dangers, and the inert fraction 
must always be buried. There is ongoing research 
into the design, upkeep, and management of landfills, 
and innovative techniques are being used to lower 
emissions into the air and water [4]. There is potential 
to reduce greenhouse gas emissions from landfill gas 
accumulation. However, there is still work to be done 
to provide a compelling case for the economics of 
collecting trash and recycling power. Since the typical 
methane content of landfill gas is approximately 50% 
due to partial oxidation in the landfill, and most of 
the gas created in landfills, even with an effective gas 
collection system, is lost to the environment. The 
benefits of collecting landfill gas are jeopardized by 
the necessary upgrade actions that are required due to 
the low methane level in the gas. The term “solid waste 
management” describes how solid waste is stored and 
disposed of. Additionally, it offers recycling solutions 
for items that are not garbage or trash. Trash or solid 
waste has been an issue in villages and rural regions for 
as long as people have lived there [5].

It is regarded as a practical way to get rid of 
some harmful waste items (such organic waste from 
medical practices). The method of incinerating garbage 
is a contentious one because of issues with gaseous 
pollution, among other things. The preservation of the 
environment and public health is the main argument 

in favor of garbage recycling [6]. Waste and trash can 
contaminate the water and air. It is acknowledged as 
well. The method of incinerating garbage is a contentious 
one because of issues with gaseous pollution, among 
other things. The preservation of the environment and 
public health is the main argument in favor of garbage 
recycling. Waste and trash can contaminate the water 
and air [7]. 

Solid Waste Collection
The foundation for the design and development of 

contemporary waste management and disposal systems, 
as well as the investigation and optimization of existing 
waste disposal systems, is known as integrated waste 
management. It is crucial to consider both technical 
and non-technical components of management 
schemes in tandem while examining this term [8]. 
The successful implementation of several recycling 
and recovery programs now depends on non-technical 
factors like public knowledge and involvement, as 
new laws, regulations, and the waste management 
sector as a business have been introduced. A typical 
example is the widespread resistance to incinerator 
services worldwide, which is mostly attributable to the 
belief that incinerators are the source of dioxins. This 
illustrates the effectiveness of incinerators in lowering 
the volume of trash produced and the degree of waste 
disposal. Thus, innovations in emissions abatement 
devices and gasification processes are necessary to 
manage contaminants that enter the atmosphere [9]. 
More importantly, public participation in these reviews 
and education about the requirements and issues of 
waste treatment and disposal in a particular nation or 
region are essential for the successful implementation of 
the new waste treatment systems. To ensure successful 
implementation, it is best to coordinate environmental 
education and public participation through one of 
these networks, since cooperation between the state, 
business, and informal sectors is evident today [10, 11]. 
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As was previously mentioned, environmental 
preservation is paying the price for economic activity, 
which means that the planet’s carrying capacity is 
constantly in danger. Consequently, resource allocation 
while as consumption and the environment change, 
competition is intensifying. While recycling and reuse 
frequently require technical support, the new waste 
management elite maintains that enhancing public 
perception and citizen engagement are the first steps 

towards achieving trash reduction. Energy and nutrition 
center generation are centered on research, but if they 
are not adequately addressed, NIMBY syndrome may 
target their adoption [12, 14].

Time is therefore required for modern integrated 
waste disposal, while sustainability must be integrated 
into all materials while taking material availability and 
demand into consideration. Waste will always exist, 
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and it is the responsibility of those who utilize it. It is 
evident from past experience that it is not easy, but it 

is not convenient, if people truly find the planet to be 
“our home”.

Over the past ten years, the structure of waste 
management has changed, with recycling and recovery 
receiving greater attention than landfilling [15]. Figure 

2 presents a clear picture of the management of solid 
waste and the sustainable use of resources.



Prabandhan Guru, ISSN: 2321-4295
Special Issue, March 2023

RNI No.: UPENG/2010/38376

101

Conclusion
In the north-eastern region of Illinois, landfilling 

remains the most common method of managing 
solid waste, despite the many new approaches that 
are constantly being developed in this field. The 
establishment and shutdown of landfills may pose a risk 
to groundwater because of leachate inflow and air quality 
because of gases discharged. Even though appropriate 
care and observation are provided for a considerable 
amount of period (30 years), there may be a risk to 

the general public’s health. Inaccurate administration 
of this kind is hazardous and inefficient. According 
to the figures, paper and inert material accounted for 
the second and third highest percentages of the total 
amount of waste produced by food and vegetable scraps, 
as well as the percentage of reuse triggered by food and 
vegetable scraps. Disposable carry bags predominated, 
and the amounts of glass, ceramics, and metals were 
almost equal.
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Introduction
Solid waste management involves overseeing the 

generation, storage, collection, transport, processing, 
and disposal of solid waste materials. This system 
integrates planning, administration, financing, 
engineering, and legal considerations. Management 
strategies differ based on the waste producer—
whether residential or industrial, urban or rural, or 
in a developed or developing country. Non-hazardous 
waste in metropolitan areas is typically managed by 
local government agencies, while hazardous waste 
management falls under the responsibility of the 
producer. In India, only 75-80% of municipal waste 
is collected, and of that, just 22-28% is processed and 

disposed of properly. Mismanagement often leads 
to waste being carelessly dumped, which obstructs 
drainage systems and creates breeding grounds for 
disease-spreading insects and rodents. A 2020 report 
by ICRIER highlights disparities in waste collection 
across Indian cities, with Ahmedabad achieving a 
95% collection rate, while Delhi lags significantly at 
39%. Effective solid waste management is essential for 
protecting biodiversity, natural resources, and public 
health. Moreover, it contributes to economic growth by 
generating employment opportunities and transforming 
waste management into an emerging industry (ICRIER, 
2020).

SOLID WASTE MANAGEMENT IN INDIAN URBAN AREAS: 
POLICY ANALYSIS, IMPLEMENTATION, AND 

COMMUNITY PARTICIPATION
Saba Rana*, Vikas Kumar*, Disha Sharma*, Shalini Mishra*, Ankit Kumar*, Vipin Kumar Saini* 

and Bhupendra Kumar**
*Department of Biosciences, Shri Ram College, Muzaffarnagar

** IAMR Group of Institution, Ghaziabad

ABSTRACT
Solid waste management in India is a critical issue intensified by rapid population growth and the 

emergence of megacities. The existing waste management infrastructure is inadequate to cope with the 
increasing waste volumes, and dependence on the informal sector further complicates the situation. Public 
engagement and accountability are major obstacles, with residents often failing to responsibly segregate and 
dispose of waste. This paper explores the multifaceted challenges of solid waste management in India, including 
infrastructure deficiencies, ineffective disposal practices, and the need for improved public participation. It 
reviews key government initiatives aimed at enhancing waste management, such as the Swachha Survekshan 
survey, the Swachhata Hi Sewa campaign, and the promotion of waste-to-energy projects. Additionally, the 
paper examines the Solid Waste Management Regulations of 2016, which emphasize source segregation, 
manufacturer responsibility, and centralized oversight. The conclusion highlights the need for increased 
community engagement and public education to develop a more effective and sustainable waste management 
system. Addressing these issues is vital for safeguarding public health, protecting the environment, and fostering 
economic development through job creation and resource efficiency.

Keywords: Solid Waste Management, Waste Segregation, Informal Sector, Swachha Survekshan, Swachhata 
Hi Sewa, Waste-to-Energy, Solid Waste Management Regulations 2016, Public Engagement, Infrastructure 
Challenges.
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Challenges of Urban Solid Waste in 
Metropolitan Planning

A significant challenge in metropolitan planning is 
the issue of solid waste segregation. At both household 
and community levels, there is little coordination or 
scientific approach to separating urban solid waste. 
Waste segregation is often left to the informal sector, 
with waste producers rarely participating. This informal 
sorting mainly targets valuable materials, rendering the 
process hazardous and inefficient.

Nearly all urban areas in India follow an ineffective 
method for urban solid waste disposal, with landfill 
management being a notable concern. Common 
violations include ignoring regulations on landfill siting, 
failing to install security measures such as boundary 
walls, CCTV cameras, firefighting equipment, and water 
tanks, and failing to regularize rag pickers. Additionally, 
the burning of waste at landfills adversely affects health 
and air quality due to the release of methane gas. Many 
landfills continue to operate beyond their intended 
lifespan, creating a need for urban expansion to reclaim 
old landfill sites and identify new locations.

The lack of data regarding the composition and 
types of waste complicates efforts to develop appropriate 
solutions tailored to specific waste streams. India also 
faces challenges in establishing effective waste-to-
energy plants, requiring the import of economically 
viable and proven technologies. Properly segregated 
waste must be directed to these facilities based on their 
specific requirements.

Another major issue is the lack of coordination 
between the central and state governments. Urban 
Local Bodies (ULBs) often have weak strategies at the 
implementation level, which exacerbates the problem. 
Furthermore, rapid urbanization and insufficient 
funding have resulted in overfilled dumpsites in major 
cities. Financial constraints also prevent ULBs from 
developing the necessary infrastructure to address the 
waste management crisis effectively (Smith, J. A., 2019).

Government Initiatives for Solid Waste 
Management

The Indian government has implemented several 
measures to improve solid waste management across 
the country. One prominent initiative is the Swachha 
Survekshan, an annual survey conducted by the 
Ministry of Housing and Urban Affairs under the 
Swachh Bharat Mission – Urban (SBM-U). The survey 
evaluates sanitation, hygiene, and cleanliness in cities 
and towns, recognizing top-performing locations with 
zero waste stars based on various criteria.

Another significant campaign, Swachh Ata Hi Sewa, 
aimed to foster a cleanliness movement through the 
participation of all stakeholders in a nationwide effort 
or “Jan Andolan.” As part of SBM-U, the Ministry of 
Housing and Urban Affairs also launched a multimedia 
initiative called Compost Banao, Compost Apnao, 
encouraging people to compost their kitchen waste, 
thereby reducing landfill burdens while promoting the 
use of compost as a natural fertilizer.

To support the development of waste-to-energy 
projects, the Ministry of New and Renewable Energy 
(MNRE) introduced the Program on Energy from 
Urban, Industrial, Agricultural Waste/Residues, 
and Municipal Solid Waste. This program provides 
centralized financial assistance to promote waste-to-
energy conversions (Agarwal, R.et.al., 2015).

Solid waste management is also a key component of 
the National Mission on Sustainable Habitat (2010), one 
of the eight missions within the National Action Plan 
for Climate Change (NAPCC). This mission emphasizes 
sustainable urban development, particularly addressing 
waste management and environmental sustainability 
in metropolitan areas (Ministry of Housing and Urban 
Affairs 2020).

Regulations for Solid Waste Management
Municipal Solid Wastes (Management and Handling) 

Rules of 2000, expanding their jurisdiction beyond 
municipalities to include urban agglomerations, 
census towns, industrial townships, areas under the 
control of Indian Railways, airports, airbases, ports, 
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harbours, Défense establishments, special economic 
zones, and sites of religious or historical significance. 
These rules emphasize waste segregation at the source, 
the responsibility of manufacturers for packaging 
and sanitary waste disposal, and impose user charges 
for collection, processing, and disposal from bulk 
generators.

Under these rules, waste generators must now 
segregate their waste into three categories: wet waste 
(biodegradable), dry waste (such as plastic, paper, 
metal, wood), and domestic hazardous waste (such as 
diapers, napkins, empty containers of cleaning agents, 
and mosquito repellents). Biodegradable waste is to 
be processed on-site through composting or bio-
methanation, while non-biodegradable waste must be 
handed over to authorized waste collection services as 
directed by local authorities.

The rules encourage the promotion of composting, 
waste-to-energy conversion, and adjustments to landfill 
site and capacity regulations. To ensure the effective 
implementation of the legislation, a Central Monitoring 
Committee led by the Secretary of the Ministry of 
Environment, Forest and Climate Change has been 
established.

For the safe disposal of legacy waste, the rules 
mandate the use of bioremediation and bio-mining at 
all operational and defunct dumpsites. Additionally, 

Indian Constitution requires every citizen to protect and 
improve the natural environment—including forests, 
rivers, lakes, and wildlife—and to show compassion 
towards all living creatures (Gupta, R., et.al., 2020).

Conclusion
Solid waste management presents a critical challenge 

in India, exacerbated by rapid population growth and 
the rise of megacities. The existing waste management 
infrastructure is often insufficient to meet the demands 
of these densely populated areas. The reliance on the 
informal sector for waste collection and disposal further 
complicates the situation, leading to inefficiencies and 
inadequate coverage. Public involvement in waste 
management is another significant issue, as residents 
frequently fail to take responsibility for their waste. 
This lack of accountability contributes to poor waste 
segregation, improper disposal practices, and overall 
inefficiency in the waste management system. To address 
these challenges and develop effective, sustainable 
waste management practices, it is essential to focus 
on improving community engagement. This includes 
increasing public awareness about waste management 
practices and encouraging a shift in attitudes towards 
more responsible waste handling. Educating residents 
about the importance of waste segregation, recycling, 
and proper disposal methods can help create a more 
effective and sustainable waste management system.
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Introduction
Water is an essential and vital component for 

our life-support system. Rapidly deleting of water 
availability as a consequence of continued population 
growth and industrialization threaten the quality of 
many aquifers in India. For evaluating the suitability 
of Coalmines Pond water for different purpose, 
understanding the chemical composition of pond 
water is necessary. Further, it is possible to understand 
the change in quality due to rock-water interaction 
(weathering) or any type of anthropogenic influence 
(Todd 1980, Kelly, 1946) [1- 2]. The definition of water 
quality is much depending on the desired use of water. 
Therefore, different uses require different criteria of 

water quality as well as standard method for reporting 
and comparing result of water analysis (Babiker, 2007) 
[3]. Access to safe drinking water remains an urgent 
necessity, as 30% of urban and 90% of the rural Indian 
population still depends completely on untreated 
surface or groundwater resources (Kumar, et al. 2005) 
[4]. The present study was carried out to determine the 
physicochemical characteristics of groundwater during 
the pre and post- monsoon seasons in the study area 
and compared the results with WHO drinking water 
quality standards (WHO, 2007) [7]. Global Positioning 
System (GPS) was used to identify the sample location 
of pond water sugarcane industry of Muzaffarnagar 
district of Uttar Pradesh (India).
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INDUSTRIAL AREA OF MUZAFFARNAGAR DISTRICT OF 

UTTAR PRADESH (INDIA)
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ABSTRACT
Pond water is contaminated around Muzaffarnagar district area due to mining and industrial activities. 

The major cause of the contamination of pond water may be due to improper management. The aim of the 
present study was to assess the pond water quality and also to have a statistical analysis of physicochemical 
parameters of pond water sugar cane industrial area, Muzaffarnagar district of Uttar Pradesh (India). Four 
water samples were collected from the various sites located around pond of Muzaffarnagar area during pre-
monsoons and post monsoons seasons in the year 2020 and analyzed for physicochemical parameters such 
as pH, TDS, EC, DO, Fluoride, Chlorides, Nitrate, Sulphate and Lithium. A systematic calculation of the 
correlation coefficient has also been carried out between different analyzed parameters. The pond water of 
the study area is alkaline in nature. EC found above maximum permissible limit prescribed by BIS in the 
pre-monsoon (478 µS/cm) and post-monsoon (562 µS/cm). From correlation analysis it was observed that 
very strong correlation four sites between NO - and Cl- (0.944), Cl- and F- (0.804), NO - and EC (0.684), 
NO - and F- (0.667), during pre-monsoon season and SO -2 and pH (0.881), F- and pH (0.854), SO -2 and 
DO (0.808) during post-monsoon.

Keywords: Physicochemical parameters, correlation co-efficient, pondwater, sugarcane industry area of 
Muzaffarnagar. 
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Material and Methods
Study Area

Sugarcane industry of Muzaffarnagar district of 
Uttar Pradesh (India). It has a designed capacity   of 
0.6 million-tones-per-annum.

Sampling Techniques
Pondwater Samples were collected in Polythene 

bottles of 1.0 liter. In the present investigation, 
pondwater samples were collected from four different 
treated area around pond of sgar mills area during pre-
monsoon and post-monsoon seasons in the year 2020. 
It was ensured that the concentrations of various water 
quality parameters do not changes in time that elapse 
between the drawing of samples and the analysis in 
the laboratory. Pondwater samples were immediately 
transferred to the laboratory for the physicochemical 
analysis. The various water quality parameters such as 
pH, electrical conductivity, dissolved oxygen and total 

dissolved solids were analyzed at the sampling station 
by using the Multiparameter apparatus and other 
parameters like Fluoride, Chlorides, Nitrate, Sulphate 
and Lithium, were analyses in the laboratory.

Results and Discussion
The collected pondwater sample was analyzed in the 

laboratory for various water quality parameters viz. pH, 
TDS, EC, DO, Fluoride, Chlorides, Nitrate, Sulphate 
and Lithium. The physicochemical characteristics of 
the analyzed water sample of pre-monsoon and post-
monsoon seasons have been presented in Table-1 
& 2. Various statistical analysis of the experimental 
data was performed using Microsoft Excel 2016. The 
statistical analysis of physicochemical parameters of 
pond water quality of area near by sugarcane industry 
of Muzaffarnagar district of Uttar Pradesh (India) 
during the pre-monsoon and post-monsoon seasons is 
presented in Tables-1-4.

Table 1. Physico-Chemical Parameters of pond water sample

S. 
No.

Para-
meters

S1 S2 S3 S4 Min. Max. Mean Median SD Permissible 
limit by 

WHO and 
BIS

1. pH 7.05 7.03 7.84 6.85 6.85 7.84 7.19 7.04 0.441 6.5-8.5
2. TDS 235 277 286 329 235 329 281.75 281.5 38.552 500
3. EC 415 255 266 358 255 415 323.50 312 76.509 300
4. DO 5.65 5.83 5.21 4.87 4.87 5.83 5.39 5.43 0.434 >5
5. Fluoride 0.378 0.524 0.412 0.463 0.378 0.524 0.44 0.4375 0.064 1.5
6. Chlorides 25.621 65.412 52.104 77.328 25.621 77.328 55.12 58.758 22.199 250
7. Nitrate 5.851 10.201 7.058 18.562 5.851 18.562 10.42 8.6295 5.731 45
8. Sulphate 16.256 20.471 12.358 28.621 12.358 28.621 19.43 18.3635 6.968 150
9. Lithium 0.081 0.088 0.072 0.079 0.072 0.088 0.08 0.08 0.007 -

All parameters are given in mg/l, excluding pH and Electrical conductivity (µS/cm).

Note: Min-Minimum, Max-Maximum, SD-Standard deviation
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Table 2. Physico-Chemical Parameters of pond water Samples

S. 
No.

Para-
meters

S1 S2 S3 S4 Min. Max. Mean Median SD Permissible 
limit by WHO 

and BIS
1. pH 7.13 6.89 7.08 7.21 6.89 7.21 7.08 7.105 0.136 6.5-8.5
2. TDS 132 260 248 189 132 260 207.25 218.5 58.988 500
3. EC 562 476 488 521 476 562 511.75 504.5 38.526 300
4. DO 5.36 5.21 5.63 5.38 5.21 5.63 5.40 5.37 0.174 >5
5. Fluoride 0.386 0.314 0.417 0.404 0.314 0.417 0.38 0.395 0.046 1.5
6. Chlorides 28.84 26.99 29.35 35.07 26.99 35.07 30.06 29.095 3.489 250
7. Nitrate 17.252 8.522 9.325 12.452 8.522 17.252 11.89 10.8885 3.958 45
8. Sulphate 20.245 15.362 23.358 26.521 15.362 26.521 21.37 21.8015 4.756 150
9. Lithium 0.071 0.069 0.072 0.068 0.068 0.072 0.07 0.07 0.002 -

All parameters are given in mg/l, excluding pH and Electrical conductivity (µS/cm).

Note: Min-Minimum, Max-Maximum, SD-Standard deviation

Table 3. Correlation Matrix of pond water Quality Parameters (Pre-Monsoon Season)

S. No. pH TDS EC DO F– Cl– NO3 SO4 Li+

pH 1
TDS -0.163 1
EC -0.243 -0.422 1
DO -0.096 -0.717 0.022 1
F– -0.255 0.208 0.070 0.253 1
Cl– -0.041 0.167 0.484 -0.054 0.804 1 -
NO3 -0.143 0.080 0.684 -0.159 0.667 0.944 1 -2
SO4 -0.355 0.239 0.261 0.148 0.430 0.513 0.363 1
Li+ -0.643 -0.083 -0.310 0.443 0.221 -0.328 -0.304 -0.211 1

Table 4. Correlation Matrix of pondwater Quality Parameters (Post-monsoon Season)

S. No. pH TDS EC DO F– Cl– NO3 SO4 Li+

pH 1
TDS -0.075 1
EC 0.068 -0.931 1
DO 0.661 0.229 -0.393 1
F– 0.854 0.007 0.048 0.696 1
Cl– 0.189 -0.598 0.463 -0.070 0.178 1
NO3 0.772 -0.273 0.249 0.483 0.474 -0.145 1
SO4 0.881 -0.040 -0.107 0.808 0.798 0.409 0.527 1
Li+ 0.008 0.279 -0.009 0.078 0.355 -0.603 0.025 -0.238 1
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Fig. 1. Graph analysis of Physico-Chemical Parameters of pondwater Samples

pH: The pH value of pondwater samples varied 
between 6.85 to 7.84 during pre-monsoon and 6.89 
to 7.21 during post-monsoon seasons (Table-1&2). 
The sampling points-S3 showed high pH value in the 
pre-monsoon seasons. In the period of pre-monsoon 
season correlation coefficient observed between pH & 
TDS (-0.163), pH & EC (-0.243), pH & DO (-0.096), pH 
& F- (-0.255), pH & Cl- (-0.041), pH & NO - (-0.143), 
pH & SO -2(-0.355) and pH & Li+(-0.643) (Table 3) 
and post-monsoon observed between pH & TDS (- 
0.075), pH & EC (0.068), pH & DO (0.661), pH & F- 
(0.854), pH & Cl- (0.189), pH & NO - (0.772), pH & 
SO - 2(0.881) and pH & Li+(0.008) (Table 3). Hence, it 
is a helpful tool for the promotion of research activities 
(Shrivastava and Joshi, 2008; Borkar and Tembhre, 
2018; and Verma et al. 2021) [10-12].

Total Dissolved Solids (TDS): Total dissolved 
solids (TDS) is the term used to describe the inorganic 
salts and small amounts of organic matter present in 
solution in water. In the present study TDS value ranged 
from 235mg/l to 329 mg/l in the pre-monsoon season 
and 132 mg/l to 260 mg/l. EC & TDS (-0.422), EC & 
DO (0.022), EC & F- (0.070), EC & Cl- (0.484), EC & 
NO - (0.684), EC & SO -2(0.261) and EC & Li+(-0.310) 
(Table 4) and post-monsoon observed between EC & 
pH (-0.068), EC & TDS (-0.931), EC & DO (-0.393), 
EC & F- (0.048), EC & Cl- (0.463), EC & NO - (0.249), 

EC & SO -2(-0.107) and EC & Li+(-0.009) (Table 4). 
Hence, it is a helpful tool for the promotion of research 
activities (Shrivastava and Joshi, 2008; Borkar and 
Tembhre, 2018; and Verma et al. 2021).

Dissolved oxygen (DO): The concentration of 
Dissolved oxygen of pondwater sample ranges (4.87-
5.83) mg/l in the pre-monsoon season and (5.21-5.63) 
mg/l during post monsoon (Table-1&2). In the period 
of pre-monsoon season correlation coefficient observed 
between DO & pH (-0.096), DO & TDS (-0.717), DO & 
EC (0.022), DO & F- (0.253), DO & Cl- (-0.054), DO & 
NO - (-0.159), DO & SO -2(0.148) and DO & Li+(0.443) 
(Table 3) and post-monsoon observed between DO & 
pH (0.661), DO & TDS (0.229), DO & EC (-0.393), DO 
& F- (0.696), DO & Cl- (-0.070), DO & NO - (0.483), 
DO & SO -2(0.808) and DO & during post-monsoon 
season (Table-1&2). The sampling points S4 (pre-
monsoon) and S2 (post-monsoon) showed high TDS 
value. In the period of pre-monsoon season correlation 
coefficient observed between TDS & pH (- 0.163), TDS 
& EC (-0.422), TDS & DO (-0.717), TDS & F- (0.208), 
TDS & Cl- (0.167), TDS & NO - (0.080), TDS & SO 
-2(0.239) and TDS & Li+(-0.083) (Table 4) and post- 
monsoon observed between TDS & pH (-0.075), TDS 
& EC (-0.931), TDS & DO (0.229), TDS & F- (0.007), 
TDS & Cl- (-0.598), TDS & NO - (-0.273), TDS & SO 
-2(-0.040) and TDS & Li+(0.279) (Table 5). Hence, it is 
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a helpful tool for the promotion of research activities 
(Shrivastava and Joshi, 2008; Borkar and Tembhre, 
2018; and Verma et al. 2021).

Electrical Conductivity (EC): Electrical 
conductivity was found to be very high and ranges 
from 255-415 µs/cm in the pre-monsoon season and 
476 – 562 µs/cm during post monsoon. The sampling 
points-S1, showed high EC value in the pre-monsoon 
seasons and S1, during post-monsoon (Table-2&3). In 
the period of pre-monsoon season correlation coefficient 
observed between EC & pH (-0.243), Li+(0.078) (Table 
4). Hence, it is a helpful tool for the promotion of 
research activities (Shrivastava and Joshi, 2008; Borkar 
and Tembhre, 2018; and Verma et al. 2021). [10-12].

Fluoride (F–): Fluoride content of the study 
area is ranged from 0.378 mg/l to 0.524 mg/l in the 
pre-monsoon season and 0.314 mg/l to 0.417 mg/l 
during post monsoon (Table- 1&2). In the period of 
pre-monsoon season correlation coefficient observed 
between F- & pH (-0.255), F- & TDS (0.208), F- & EC 
(0.070), F- & DO (0.253), F- & Cl- (0.804), F- & NO - 
(0.667), F- & SO -2(0.430) and F- & Li+(0.221) (Table 3) 
and post-monsoon observed between F- & pH (0.854), 
F- & TDS (0.007), F- & EC (0.3048), F- & DO (0.696), 
F- & Cl- (0.178), F- & NO - (0.474), F- & SO -2 (0.798) 
and F- & Li+(0.355) (Table 4). Fluoride is a geochemical 
contaminant and natural sources account for most of 
the fluoride in surface and pondwater. Its concentration 
is dependent on the solubility of fluoride- containing 
rocks. Intake of excess fluoride causes skeletal and 
dental fluorosis (Meena and Bhargava, 2012) [8].

Chlorides (Cl–): The concentration of Chlorides 
ion of pondwater sample ranges from (25.621-77.328) 
mg/l in the pre-monsoon season and (26.99-35.07) 
mg/l during post monsoon (Table-1&2). The sampling 
points- S4 (Pre- monsoon) and S4 (post-monsoon) 
showed high Chlorides value. In the period of pre-
monsoon season correlation coefficient observed 
between Cl- & pH (-0.041), Cl- & TDS (0.167), Cl- & 
EC (0.484), Cl- & DO (-0.054), Cl- & F- (0.804), Cl- & 
NO - (0.944), Cl- & SO -2(0.513) and Cl- & Li+(-0.328) 
(Table 3) and post-monsoon observed between Cl- & 

pH (0.189), Cl- & TDS (-0.598), Cl- & EC (0.463), Cl- 
& DO (-0.070), Cl- & F- (0.178), Cl- & NO - (-0.145), 
Cl- & SO -2 (0.409) and Cl- & Li+(-0.603) (Table 4). 
Chloride is the most important parameter in assessing 
the water quality and higher concentration of chloride 
indicates a higher degree of organic pollution (Sonkar, 
and Jamal, 2018) [9].

Nitrate (NO–): The nitrate content of the pond water 
samples ranges from (5.851-18.562) mg/l in the pre- 
monsoon season and (8.522-17.252) mg/l during post 
monsoon (Table-1&2). In the period of pre-monsoon 
season correlation coefficient observed between NO - & 
pH (- 0.143), NO - & TDS (0.080), NO - & EC (0.684), 
NO - &Joshi, 2008; Borkar and Tembhre, 2018; and 
Verma et al 2021. 

Test of Significance of the Observed 
Correlation Coefficient

The correlation coefficient study is very useful 
to determine a predictable relationship which can be 
exploited in practice. It is used for the measurement of 
the strength and statistical significance of the relation 
between two or more water quality parameters. Hence, 
it is a helpful tool for the promotion of research 
activities (Carlos et al. 2011 [5], Shrivastava and Joshi, 
2008; Borkar and Tembhre, 2018; and Verma et al. 
2021) [10-12]. The correlation coefficients (r) among 
the various water quality parameters of Bijuri coalfields 
for the pre-monsoon and post-monsoon seasons have 
been calculated and the numerical values are tabulated 
as shown in Table-3 and Table-4.

In Pre-monsoon: In the period of Pre-monsoon 
season, out of 45 correlation coefficients,17 negative 
and 28 positive correlation coefficients. In table-3, the 
highly positive correlation is observed between NO 
- and Cl- (0.944), Cl- and F- (0.804), NO - and EC 
(0.684), NO - and F- (0.667), DO (-0.159), NO - & F- 
(0.667), NO - & Cl- (0.944), NO - & SO -2 (0.363) and 
NO - & Li+(-0.304) (Table 3) and post- where highly 
negative correlation is observed between DO and TDS 
(-0.717), Li+ and pH (-0.643), EC and TDS monsoon 
observed between NO - & pH (0.772), NO - & 0.422) 
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and SO -2 and pH (-0.355). Very poor positive TDS 
(-0.273), NO - & EC (0.249), NO - & DO (0.483), 
NO - & F- (0.474), NO - & Cl- (-0.145), NO - & SO 
-correlation was observed between DO and EC (0.022), 
F- and EC (0.070), NO - and TDS (0.080), SO -2 and 
DO (0.527) and NO - & Li+(0.025) (Table 4). Hence, it 
is ahelpful tool for the promotion of research activities 
(Shrivastava and Joshi, 2008; Borkar and Tembhre, 
2018;(0.148), Cl- and TDS (0.167), F- and TDS (0.208), 
Li+ and F- (0.221), SO -2 and TDS (0.239), SO -2 and 
EC (0.261), F- and DO (0.253), SO -2 and NO - (0.363), 
SO -2 and F-Verma et al. 2021) [10-12].

Sulphate: The sulphate concentration of the 
pondwater samples varied between 12.358 mg/l (S3) 
to 28.621 mg/l (S4) in the pre-monsoon season and 
15.362 mg/l (S2) to 26.521mg/l (S4) during post-
monsoon of the study area (Table-1&2). In the period 
of pre-monsoon season correlation coefficient observed 
between SO -2 & pH (-0.355), SO -2 & TDS (0.239), SO 
-2 & EC (0.261), SO -2 & (0.430), Li+ and DO (0.443), 
SO -2 and Cl- (0.513).

In Post-monsoon: In the period of post-monsoon 
season, out of 45 correlation coefficients,12 negative 
and 33 positive correlation coefficients. In Table-4, the 
highly positive correlation is observed between SO -2 
and pH (0.881), F- and pH (0.854), SO4 -2 and DO 
(0.808), where highly negative correlation is observed 
between EC and TDS (-0.931), Li+ and Cl- (- 0.603) 
and Cl- and TDS DO (0.148), SO -2 & F- (0.430), 
SO -2 & Cl- (0.513), SO -2 & NO - (0.363) and SO 
-2 & Li+(-0.211) (Table 3) and post-0.598). Very poor 
positive correlation was observed between F- and 
TDS (0.007), Li+ and pH (0.008), Li+ and monsoon 
observed between SO -2 & pH (0.881), SO -2 &	NO - 
(0.025), while very negative poor correlation was TDS 
(-0.040), SO -2 & EC (-0.107), SO -2 & DO (0.808), 
SO -2 & F- (0.798), SO -2 & Cl- (0.409), SO -2 & NO 
- observed between SO -2 and TDS (--0.040), Cl- and 
DO (- 0.070).(0.527) and SO -2 & Li+(-0.238) (Table 4). 
Hence, it is a helpful tool for the promotion of research 

activities (Shrivastava and Joshi, 2008; Borkar and 
Tembhre, 2018; and Verma et al. 2021) [10-12].

Lithium (Li+): The Lithium concentration of the 
pondwater samples varied between (0.072 mg/l to 0.088 
mg/l) in the pre-monsoon season and (0.068 mg/l to 
0.072 mg/l) during post monsoon (Table-1&2). In the 
period of pre-monsoon season correlation coefficient 
observed between Li+ & pH (- 0.643), Li+ & TDS 
(0.083), Li+ & EC (-0.310), Li+ & DO (0.443), Li+ & F- 
(0.221), Li+ & Cl- (-0.328), Li+ & NO - (-0.304) and Li+ 
& SO -2 (-0.211) (Table 3) and post-monsoon observed 
between Li+ & pH (0.008), Li+ & TDS (0.279).

Conclusion
In the present study, the pond water samples taken 

from four sites S1, S2, S3 and S4 Coal field present in 
Bijuri coalfield district Anuppur area were analyzed. 
The correlation of 09 physicochemical parameters 
of pondwater of the study site revealed that all the 
parameter were more or less correlated with one 
another. The pondwater of the study area is alkaline in 
nature. EC found above maximum permissible limit 
prescribed by BIS in the pre-monsoon (478 µS/cm) and 
post-monsoon (562µS/cm). From correlation analysis it 
was observed that very strong correlation six between 
NO - and Cl- (0.944), Cl- and F- (0.804), NO - and 
EC (0.684), NO - and F- (0.667), during pre-monsoon 
season and SO -2 & EC (-0.009), Li+ & DO (0.078), Li+ 
& F- (0.355), Li+ & Cl- (-0.603), Li+ & NO - (0.025) and 
Li+ & SO -2 (-0.238). (Table 4). Hence, it is a helpful 
tool for the promotion of research activities (Reza et al. 
2009 [6], Shrivastava and and pH (0.881), F- and pH 
(0.854), SO -2 and DO (0.808) during post-monsoon. 
The analysis shows that the pondwater of the study area 
needs some treatment before its consumption.
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Introduction
Population explosion, coupled with improved 

life style of people, results in increased generation 
of solid wastes in urban as well as rural areas of the 
country. In India like all other sectors there is a marked 
distinction between the solid waste from urban & rural 
areas. However, due to ever increasing urbanization, 
fast adoption of ‘use & throw concept’& equally fast 
communication between urban & rural areas. disposal 
of waste is becoming a serious and vexing problem for 
any human habitation all over the world. Disposing 
solid waste out of sight does not solve the problem but 
indirectly increases the same manifold and at a certain 
point it goes beyond the control of everybody. Solid 
waste management is known collaboration associated 
with control of generation, storage, collection, transport 
or transfer, processing and disposal of solid waste 
materials in a way that good address the range of public 
health, conservation, economics, aesthetic, engineering 
and other environmental considerations. These 
materials are classified on the basis of types of material 
such plastic, paper, metal organic waste, glass, toxic 
non-toxic flammable radioactive elements, industrial 

waste, domestic waste etc. The solid waste is the residue 
part of raw material left after primary use of the things. 
These solid wastes are generated in the environment 
due to various activities of humans in the society. It is 
observed that, in our country the municipal solid waste 
creation rate per capita is around 0.3 to 0.7 kg per day 
in small towns. There are many sources of solid waste 
in the environment. Because of increase in population, 
industrialization waste is generated in societies. Due to 
various human activities in the society the wastes are 
generated.

Solid wastes, generated from hospitals is very 
dangerous. The hospital solid waste is generated during 
diagnosis condition. The testing and production of 
biological product also create harmful solid wastes. It 
is observed that the hospital wastes are very hazardous 
to human beings, near about 5% is non-infectious and 
remaining is infectious wastes. Infectious waste consists 
of abundant number of pathogens which are responsible 
for causing of various diseases to humans and animals.

Disposal of Solid Waste
The More advanced the human settlements, the 
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ABSTRACT
Waste management is widespread problem in many developing and developed countries in the world. In 

our country also there is a major problem in both urban and rural areas of regarding with disposal of these 
materials. Waste generation is a byproduct of urbanization, economic development, and population growth. 
Now a day solid waste management issue is the largest problem in small as well as large cities in India. In 
municipal corporation cities there is dumping of large amount of solid waste around the cities, which creates 
large problems to peoples. It is observed that in big cities municipal solid waste gives a major contribution 
to the total amount of solid waste. The objective of this article is to study the current practices related to the 
various waste management initiatives taken in India for human wellbeing.

Keywords:  Waste generation, waste disposal, solid waste management



Prabandhan Guru, ISSN: 2321-4295
Special Issue, March 2023

RNI No.: UPENG/2010/38376

115

more complex the waste management. There is a 
continuous search for sound solutions for this problem 
but it is increasingly realized that solutions based on 
technological advances without human intervention 
cannot sustain for long and it in turn results in 
complicating the matters further. Management of solid 
waste which generally involves proper segregation and 
scientific recycling of all the components is in fact the 
ideal way of dealing with solid waste. It is observed 
that in India open dumping is the biggest common 
method of solid waste disposal. It is also observed that 
there is many garbage laying along the roads while 
passing through a highway. It has been found that 
improper collection, transport system influence on the 
characteristics of solid wastes. There is bad roads, poor 
planning, lack of information related with collection 
schedule, number of vehicles for collection of solid 
wastes and insufficient infrastructure can also effect 
on the types of the solid wastes. It is also sometimes 
observed that such a material is illegally dumped into 
canals, rivers or used to fill land depression without 
proper consultations. According to Pokhrel and Vira 
Raghavan there is insufficient financial resources, 
absence of legislation, well equipped and engineered 
landfills all contribute to the limitation of solid waste 
safe disposal. Tadesse et al. were analyzed which factors 
influences household waste disposal. Sometimes these 
dumps are subjected to open burning, which can 
release toxic fumes and smokes where enough heat has 
been generated to trigger a spontaneous combustion. It 
is observed that there is degradation of the soil quality 
to leaching toxic chemicals into underground water 
sources.

Plastic Waste Disposal and Their Public 
Health Effect

These are made up of synthetic organic polymers 
used in different purposes e.g. food packaging, medical 
supplies, water bottles, electronic goods, clothing, 
construction materials etc. Near about 6.4 billion tons 
of plastics have been produced worldwide and out of 
which 8% to 11% of which have been recycled. Due 
to increase in demand of plastic which adversely 

affect increase in environmental pollution. Plastics 
which    is used in the production of many consumable 
products including water bottles, food packaging 
and medical devices containing toxic chemicals 
such as heavy metals, phthalates, polychlorinated 
biphenylethers nonylphenol, bisphenol A dichloro 
diphenyl dicholoroehylene, phenanthrene etc. There 
is degradation of marine habitat due to release large 
amount of plastic into the ocean and which adversely 
affects the aquatic organisms. It is also observed that 
because of long term use and exposure of plastic 
products and plastics to high temperature leading to 
leaching of toxic chemicals into water, food and drinks 
etc. Because of that there should be a global prevention 
and control of plastic wastes managements in the world. 
many animals are poisoned by toxic components from 
plastic products and plastics wastes con be adversely 
affected for human consumption of food. We know 
that many plastic polymers are lethargic and of little 
concern to public health, however different types of 
additives are responsible for the suspected health risks. 
Due to bioaccumulation of micro plastics in the food 
chain after ingestion by a wide range of freshwater and 
marine lives leading to a public health risk. Due to the 
use of different additives in the production of plastics 
have a detrimental effect on human’s health. It is 
observed that many fishes, birds, seals, turtles and other 
marine animals are died by suffocation of entanglement 
in plastic debris.

Basic Principles of Solid Waste 
Management
1) 4Rs: Refuse, Reduce, Reuse & Recycle
	 i.	 Refuse: Do not buy anything which we do not 

really need.

	 ii.	 Reduce: Reduce the amount of garbage 
generated. Alter our lifestyle so that minimum 
garbage is generated. 

	 iii.	 Reuse: Reuse everything to its maximum after 
properly cleaning it. Make secondary use of 
different articles.

	 iv.	 Recycle: Keep things which can be recycled 
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to be given to rag pickers or waste pickers. 
Convert the recyclable garbage into manures 
or other useful products.

2) Segregation at Source
Store organic or biodegradable and inorganic 

or non-biodegradable solid waste in different bins. 
Recycle of all the components with minimum labour 
and cost. 3) Different treatments for different types of 
solid wastes: One must apply the techniques which are 
suitable to the given type of garbage. For example, the 
technique suitable for general market waste may not 
be suitable for slaughter house waste. 4) Treatment 
at nearest possible point: The solid waste should be 
treated in as decentralized manner as possible. The 
garbage generated should be treated preferably at the 
site of generation i.e. every house.

Conclusion
 It is suffice to say that we require a more stringent 

integrated and strategic waste prevention framework to 

effectively address wastage related issues. There is an 
urgent need to build upon existing systems instead of 
attempting to replace them blindly with models from 
developed countries. To prevent any epidemic and 
to make each city a healthy city-economically and 
environmentally, there is an urgent need for a well-
defined strategic waste management plan and a strong 
implementation of the same in India. To achieve financial 
sustainability, socio-economic and environmental goals 
in the field of waste management, there is a need to 
systematically analyse the strengths and weaknesses of 
the community as well as the municipal corporation, 
based on which an effective waste management system 
can be evolved with the participation of various 
stakeholders in India. The public apathy can be altered 
by awareness building campaigns and educational 
measures. Sensitization of the community is also 
essential to achieve the above objectives and we need 
to act and act fast as every city in India is already a 
hotbed of many contagious diseases, most of which are 
caused by ineffective waste management.

REFERENCES
	 1.	 H.I. Abdel-Shafy and M.S.M.Mansour, “Solid waste issue : sources, composition, disposal recycling and volorzation”, 

Egypian Journal of petroleum 27 (2018), 1275-1290.

	 2.	 Himabindu, P.Udayashankara, T.H. and Madhukar, M.A. (2015). Critical review on biomedical waste and effect of 
mismanagement. International journal of Engineering Research & Technology, 4, (03) 0181-2278.

	 3.	 Singh, H. Rehman, R. and Bumb, S.S.(2014) Management of biomedical waste : A review. Journal of Dental and 
Medical research 1(1), 14-20.

	 4.	 Guerrero, L.A. Mass, G., and Holand, W. (2013) Solid waste management challenges for cities in developing countries. 
Waste management, 33 (1) 220-232.

	 5.	 Khan, S., Syed, A.T. Ahmad, R., Rather, T.A., Ajaz, M. and Jan, F.A.(2010). Radioactive waste management in a 
hospital. International journal of Health sciences, 4 (1), 39-46.

	 6.	 Monika, K.J. (2010) E-waste management : As a challenge to public health in India. I Indian Journal of Community 
Medicine. 36 (3), 382-385.

	 7.	 Priyabrata Banerjee, Abhijit H, Pritam Ghosh, A. Ganguly, N. Chandra Murmu and P.K.Chatterjee (2019). Solid waste 
Management in India : A brief review. Research Gate publication. 1027-1049.

	 8.	 Shweta Choudhary, (2019), A Research paper on solid waste management. Journal of Emerging Technologies and 
Innovative research, Volume (6) Issue (3),657-662.



Prabandhan Guru, ISSN: 2321-4295
Special Issue, March 2023

RNI No.: UPENG/2010/38376

117

	 9.	 Reasch unit (Larrdis) Rajya Sabha Secretariat, (2011), E-waste in India Report, New Delhi.

	 10.	 Sharholy, M., Ahmad, K., Mahmood, G., and Trivedi, R. C (2008). Municipal Solid waste management in Indian 
cities- A review. Waste management, 28, 459-467.

	 11.	 Chartier, Y, Emmanuel, J. Pieper, U. Pruss, A., Rushbook, P. and stringer, R., et al. (2014). Safe management of wastes 
from health-care activities. Appia, Geneva, Switzerland : WHO press, world Health organization, ISBN 978-92-4-
154856-4.

	 12.	 Mathuur, P. Patan, S. and shobhawat, A.S.(2012), Need of biomedical waste management system in hospitals-An 
emerging issue- A review current world Environet, 7(1), 117-124.

	 13.	 Marshall, R.E., and Rarahbakhash, k. (2013). Systems approaches to integrated solid waste management in developing 
countries, waste management, 33, 988-1003.

	 14.	 Balde, C.P. Wang, F., Kuchr, R., Huisman, J. (2015) The global e-waste monitor-2014, united Nations University, IAS-
SCYCLE, Born, Germany. ISBN : 978-92-808-4555-6.

	 15.	 Kiddee, P. Naidu, R., and Wong, M.H. (2013). Electronic waste management approaches : An overview waste 
Management, 33, 1237-1250.

	 16.	 Ramesh Babu, B. Parande, A.K., Rajalakshmi, R., Suriyakala, P. and Volga, M (2009) Management of biomedical waste 
in India and other countries : A review journal of International Environmental Application and Science, 4(1), 65-78.

	 17.	 Bhutta, M.K.S. Umar, A., and yang, X (2011), Electronic waste : A growing concern in today’s environment. Economics 
research International, 2011

	 18.	 (Article ID 2742030). Httkps://doi.org/10.1155/2011/474230

lll








	Pages 1-2
	1-128 Pages
	Pages 3-4

