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 Abstract: 

As quantum of waste generation is raising around the world it has become a challenge for many developing countries 

to establish proper waste management system. The present status of waste management and the prospects of 

introducing improved means of disposing municipal solid waste (MSW) in India is the theme of study created. 

Bioremediation is the most effective management tool to manage the polluted environment and recover contaminated 

soil. Bioremediation, both in situ and ex-situ have strong scientific growth in SWM. Microbes are very helpful to 

remediate the contaminated environment. Number of microbes including aerobes, anaerobes and fungi are involved 

in bioremediation process. This review concludes with some simple and effective trends in waste management, with 

a vision of refining in current Indian systems. 
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Introduction 

As waste generations are intensifying, Proper waste management remains a challenge for many developing countries 

around the world. Global waste is expected to grow to 3.40 billion tonnes by 2050, more than double the population 

growth over the same period. In 2025, the world was estimated to generate 5.28 billion tonnes of solid waste, 

amounting to a footprint of 1,24 kilograms per person per day [1]. With rapid population growth and urbanization, 

annual waste generation is expected to increase by 83% from 2025 levels to 6.98 billion tonnes in 2035[2]. Land 

pollution leads to the loss of 24 billion tons of topsoil every year. The increasing level of urbanization in the 

developing countries gives rise to population, growth of slums, commercial centers and industries, which generate a 

large amount of solid waste [3]. Environmental degradation as a result of indiscriminate disposal and dumping of solid 

waste from the community is receiving more and more attention in recent years. Lack of funds with municipality and 

indifference of public, aggravate the problem of solid waste disposal in Indian towns. [4]. Effective waste management 

is expensive, often comprising 20%–50% of municipal budgets. A technological approach to solid-waste 

management began to develop in the latter part of the 19th century. Even then, however, most of the largest cities 

were still using primitive disposal methods such as open dumping on land or in water [5]. 

 

Urbanization effect on Municipal Solid Waste [ MSW] 

India is facing a sharp contrast between its increasing urban population and available services and resources. The 

level of urbanization of the country has increased from 26.5% to 38% in the least 50-60 years and is expected to rise 

to 44% by the year 2026 [6]. It has been projected that the world will produce approximately 27 billion tonnes of 

waste by 2050. Asia will cause a third of this, with the maximum contributions coming from fast-developing countries 

like China and India [7]. Due to increase in population and shifting lifestyles in India, it is noted that urban India 

possesses approximately 170 000 tonnes of waste formation daily. This amalgamates to an annual figure of 

approximately 62 million tonnes, which is estimated to rise by 5% every year [8]. It is believed that by 2025 each 

person will generate approximately 0.7 kg of solid waste within urban India which surmounts to a value which is 
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four to six times higher than in 1999. As a result of population growth, challenges relating to waste increase resulting 

in the need for decentralized waste management [9]. The composition of waste varies dependent on local area 

economy, higher earners are deemed to use more packaged products thus this results in the accumulation of more 

materials like paper, plastic, glass and metals. The typical MSW components formed by cities within Indian for 

organic is approximately 41 wt.%, inert is 40 wt.%, and materials that can be recycled is 19 wt.% (CPCB, 

Composition) [10]. Maximum organic waste is produced from domestic usage, while construction, road sweeping and 

demolition produces inert waste. However, the MSW composition differs within cities and is illustrated through 

comparing solid waste collected from cities of different states. The total waste generated in different states of India 

and its overall MSW status is listed below and it depicts total amount of uncounted waste generated by each 

state.(CPCB,2021; Table 1). [11] 

 
Hierarchy of waste management: 

India to progress in MSW management, civil infrastructure is mandatory. Thus, to achieve active economic growth, 

it is important to build a superior infrastructure that realizes the public requirements and safeguards the environment 
[12]. To lessen the environmental impact, municipal solid waste management (MSWM) comprises of segregation, 

collection, processing and disposal [13].Currently in India, segregation of waste has no organized and systematically 

planned method, regardless of domestic or community related. Door-to door collection, segregation at source, 

covered transportation, proper treatment, and disposal are the primary steps to resource recovery [14]. The conditions 

and efficiency that segregation and sorting processes occur are usually insecure, adverse and low.  

Methods used for MSW management 

Solid waste collection and transportation steps of every SWM system comprises of waste collection, storage and 

transport, however cities are challenged in this process. Indian municipal corporations are duty bound to collect waste 

and are usually provided bins to separate biodegradable and inert waste materials[15]. Despite these initiatives they 

are frequently mixed, dumped and burnt openly. Reuse/recycle Recycling involves collecting materials from waste, 

appearing to produce profit and are used for producing new goods. Simultaneously, nonsegregated waste is discarded 

in community bins, where recycling that waste is unlikely. However, materials like plastics, glass are extracted and 

separated by ragpickers who trade recyclable materials, is vastly established [16]. Disposal and treatment UNEP (2004) 

reported that composting is comparatively one of the appropriate treatments followed in developing countries of 
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Asia, such as incinerator [17]. Open dumping constituted to over 50%, while 10- 30% was landfill; composting less 

than 15% and incineration 2 -5% [18]. 

A) Recycling: Reducing and Reusing are the most effective ways to prevent generation of wastes. It is known that 

as much as 95% of a product’s environmental impact occurs before its discard [19]. Recycling requires a separated 

stream of waste, whether source separated or separated later on after the collection. Due to limitations in source 

segregation, wastes are collected in a mixed form which is referred to as municipal solid waste (MSW) [20]. Mixed 

waste is difficult to separate. The separation done manually of paper, plastic, glass and metal can then be recycled. It 

is highly energy and time intensive to separate these materials from SW and generally is not carried out. Therefore, 

mixing of waste will always result in a fraction of residues, which can neither be recycled nor composted and needs 

to be combusted in Refuse Derived Fuel (RDF) or waste to energy (WTE) plants to avoid landfilling and generate 

energy [21]. 

B) Sanitary Land Filling: United Nations Environmental Program (UNEP) defines sanitary landfilling as the 

controlled disposal of wastes on land in such a way that contact between waste and the environment is significantly 

reduced and wastes are concentrated in a well-defined area [22]. Sanitary Landfills (SLFs) are built to isolate wastes 

from the environment and render them innocuous through the biological, chemical and physical processes of nature. 

UNEP also recognizes three basic conditions to be fulfilled to be designed as an SLF:  

• Compaction of wastes,  

• Daily covering of wastes (with soil or other material) and  

• Control and prevention of negative impacts on public health and environment  

On the hierarchy of waste management, sanitary land filling is expanded into three different categories: 

1. SLFs recovering and using methane (CH4) 

2. SLFs recovering and flaring CH4  

3. SLFs without any CH4 recovery  

Changes expected in disposal of MSW in the near future are More extensive integration of informal waste sector into 

the formal systems, further increase in the construction of composting facilities, New RDF, WTE and Sanitary 

Landfill facilities and Capping of some landfills for landfill gas (LFG) recovery [23]. 

Biotechnology in MSW Management: 

Biotechnology can be applied to assess the well-being of ecosystems, transform pollutants into benign substances, 

generate biodegradable materials from renewable sources and develop environmentally safe manufacturing and 

disposal processes [24]. Biotechnology utilizes the application of genetic engineering to improve the efficiency and 

cost, which are key factors in the future widespread exploitation of microorganisms to reduce the environmental 

burden of toxic substances [25]. Keeping in view of the urgent need of a most efficient environmental biotechnological 

process, researchers have devised a technique called bioremediation, which is an emerging approach to rehabilitating 

areas contaminated by pollutants or otherwise damaged through ecosystem. 

 

 

Bioremediation 

Bioremediation offers the possibility to destroy or render harmless contaminants using natural biological activity [26]. 

It uses relatively low-cost, low technology techniques, which have a high public acceptance and can often be carried 

out on site. However, as the range of contaminants on which it is effective is limited, the time scales involved are 

relatively long and the residual contaminant levels achievable may not always be appropriate [27]. There is need to 

thoroughly assess a site for suitability and optimize conditions to achieve a satisfactory result. Bioremediation has 

been used at a number of sites worldwide, including Europe, with varying degrees of success [28]. Techniques are 

improving as greater knowledge and experience are gained and there is no doubt that bioremediation has great 
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potential for dealing with certain types of site contamination [29]. The principles, techniques, advantages and 

disadvantages of bioremediation are not widely known or understood and it’s a gap to be addressed by the research.  

Principles of Bioremediation: Bioremediation techniques are typically more economical than traditional methods 

such as incineration and some pollutants can be treated on site, thus reducing exposure risks for clean-up personnel, 

or potentially wider exposure as a result of transportation accidents [30]. Since bioremediation is based on natural 

attenuation the public considers it more acceptable than other technologies. Most bioremediation systems are run 

under aerobic conditions, but running a system under anaerobic conditions [31] may permit microbial organisms to 

degrade. For bioremediation to be effective, microorganisms must enzymatically attack the pollutants and convert 

them to harmless products. As bioremediation can be effective only where environmental conditions permit microbial 

growth and activity, its application often involves the manipulation of environmental parameters to allow microbial 

growth and degradation to proceed at a faster rate. Like other technologies, bioremediation has its limitations. Some 

contaminants, such as chlorinated organic or high aromatic hydrocarbons, are resistant to microbial attack [32]. They 

are degraded either slowly or not at all, hence it is not easy to predict the rates of clean-up for a bioremediation. 

Aerobic: In the presence of oxygen. Examples of aerobic bacteria recognized for their degradative abilities are 

Pseudomonas, Alcaligenes, Sphingomonas, Rhodococcus and Mycobacterium [33]. These microbes have often been 

reported to degrade pesticides and hydrocarbons, both alkanes and polyaroaromatic compounds. 

Anaerobic: In the absence of oxygen. Anaerobic bacteria are not as frequently used as aerobic bacteria. There is an 

increasing interest in anaerobic bacteria used for bioremediation of polychlorinated biphenyls (PCBs) in river 

sediments, dechlorination of the solvent trichloroethylene (TCE), and chloroform [34].  

Ligninolytic fungi: Fungi such as the white rot fungus Phanaerochaete chrysosporium have the ability to degrade 

an extremely diverse range of persistent or toxic environmental pollutants [35]. Common substrates used include straw, 

saw dust, or corn cobs.  

Types of Bioremediations: On the basis of removal and transport of wastes for treatment there are basically two 

methods: 

1.In situ bioremediation  

2.Ex situ bioremediation.  

In situ bioremediation: These techniques [36] are generally the most desirable options due to lower cost and less 

disturbance since they provide the treatment in place avoiding excavation and transport of contaminants. In situ 

treatment is limited by the depth of the soil that can be effectively treated [37]. In many soils effective oxygen diffusion 

for desirable rates of bioremediation extend to a range of only a few centimeters to about 30 cm into the soil, although 

depths of 60 cm and greater have been effectively treated in some cases.  

The most important land treatments are:  

Bioventing is the most common in situ treatment and involves supplying air and nutrients through wells to 

contaminated soil to stimulate the indigenous bacteria [38]. Bioventing employs low air flow rates and provides only 

the amount of oxygen necessary for the biodegradation while minimizing volatilization and release of contaminants 

to the atmosphere. Generally, this technique includes conditions such as the infiltration of water-containing nutrients 

and oxygen or other electron acceptors for groundwater treatment.  

Biosparging: Biosparging involves the injection of air under pressure below the water table to increase groundwater 

oxygen concentrations and enhance the rate of biological degradation of contaminants by naturally occurring bacteria. 

Biosparging increases the mixing in the saturated zone and there-by increases the contact between soil and 

groundwater [39]. The ease and low cost of installing small-diameter air injection points allows considerable flexibility 

in the design and construction of the system.  

Bioaugmentation: Bioremediation frequently involves the addition of microorganisms indigenous or exogenous 

to the contaminated sites [40]. Two factors limit the use of added microbial cultures in a land treatment unit: 1) 

nonindigenous cultures rarely compete well enough with an indigenous population to develop and sustain useful 
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population levels and 2) most soils with long-term exposure to biodegradable waste have indigenous microorganisms 

that are effective degrades if the land treatment unit is well managed.  

Ex situ bioremediation: These techniques involve the excavation or removal of contaminated soil from ground. 

Landfarming is a simple technique in which contaminated soil is excavated and spread over a prepared bed and 

periodically tilled until pollutants are degraded. The goal is to stimulate indigenous biodegradative microorganisms 

and facilitate their aerobic degradation of contaminants [41]. In general, the practice is limited to the treatment of 

superficial 10–35 cm of soil. Since landfarming has the potential to reduce monitoring and maintenance costs, as well 

as clean-up liabilities, it has received much attention as a disposal alternative. Composting is a technique that involves 

combining contaminated soil with non-hazardous organic materials such as manure or agricultural wastes. The 

presence of these organic materials supports the development of a rich microbial population and elevated temperature 

characteristic of composting. Biopiles[42] are a hybrid of landfarming and composting. Essentially, engineered cells 

are constructed as aerated composted piles. Typically used for treatment of surface contamination with petroleum 

hydrocarbons they are a refined version of landfarming that tend to control physical losses of the contaminants by 

leaching and volatilization. Biopiles provide a favourable environment for indigenous aerobic and anaerobic 

microorganisms. 

Steps to improve SWM in India: 

In India, all children in schools should be educated on the importance of waste management, their impacts upon the 

environmental and health, simultaneously promoting individual responsibilities to control waste management in 

educational systems [43]. Segregation and recycling initiatives can create enhanced employment options in waste 

management. This will enable the poorer people in India to be self-sufficient and develop their lifestyles, thus viewed 

as a business opportunity [44]. Public awareness is paramount in order to create realization of the importance of source 

segregation at the source. This will ensure that biodegradables, inert and recyclable materials in waste are correctly 

managed from the outset. Research and establishment of advanced techniques like bioremediation should be 

encouraged by the government.  

CONCLUDING REMARKS: 

Solid waste management (SWM) is one such service where India has an enormous gap to fill. Proper municipal solid 

waste (MSW) disposal systems to address the escalating number of wastes are absent. The current SWM services are 

inefficient, incur heavy expenses and are so low as to be a potential threat to the public health and environment 

quality. From the study, it was found that various gaps present in municipal solid waste management such as waste 

collection, transport and disposal generation can be reduced. Bioremediation provides a technique for cleaning up 

pollution by enhancing the natural biodegradation processes. So, by developing an understanding of microbial 

communities and their response to the natural environment and pollutants, expanding the knowledge of the genetics 

of the microbes to increase capabilities to degrade pollutants, conducting field trials of new bioremediation techniques 

which are cost effective, and dedicating sites which are set aside for long term research purpose, these opportunities 

offer potential for significant advances. There is no doubt that bioremediation is in the process of paving a way to 

greener pastures. Regardless of which aspect of bioremediation that is used, this technology offers an efficient and 

cost-effective way to treat contaminated ground water and soil. Its advantages generally outweigh the disadvantages, 

which is evident by the number of sites that choose to use this technology and its increasing popularity. 
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