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Proper management of Biomedical Waste (BMW) is an essential component of

any sustainable healthcare sector. With the burst of COVID-19 pandemic when

every hospital and treatment facility was overburdened patients, efficient

handling of the huge amount of generated BMW became a task for the

entire world. This review compares the BMW generated before and during

the second wave of COVID-19, highlights the challenges in managing the

exuberated amount of COVID-19 waste and sites recommendations to

promote sustainable design thinking, in order to address this grave concern

in the current setting of the Indian system. The study indicated that

inappropriate management of waste and the lacunae in the entire chain

from segregation to collection until its disposal has posed a serious threat to

the wellbeing of healthcare workers, sanitation staff as well as the operators and

housekeeping staff at the hospitals, isolation centers and Municipal

Corporation. Many states had inadequate number of common BMW

treatment facilities (CBMWTFs) leading to inefficient treatment of the excess

waste. The behavioural and attitudinal barriers of neglect and ignorance of

different stakeholders further aggravated the problem of BMWmanagement to

manifolds. To achieve better management we recommend spreading

awareness regarding the kind and infectious nature of waste generated by

COVID-19 patients and their caregivers, segregation and decontamination of

such waste at source and increasing the capacity as well as number of

CBMWTFs. Creative ways to recycle the waste must be devised so as to

reduce the burden on disposal sites.
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1 Introduction

In December 2019 COVID-19 pandemic struck the entire

world unprepared and its effects are still continuing. Till 1st

August 2022 more than 578 million cases had been reported

and the virus had caused over six million deaths worldwide.

India alone reported a total of around 44 million cases and

over 0.5 million deaths being second only to US (Dong et al.,
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2020). The pandemic not only affected the health of masses,

but also adversely impacted the socio-economic status of

countries across (Mofijur et al., 2021; Wei et al., 2021).

The impact was more pronounced in South Asian

countries like India due to large population, high poverty

and poor healthcare facilities (Rasul et al., 2021; Gupta et al.,

2022).

In the wake of the pandemic and the consequential

lockdown in 2021, there were reports of both positive and

negative impacts on the environment, On one hand many

studies documented decrease in the rates of deforestation,

reduction in vehicular emissions and improved air and water

quality (Bates, 2020; Kaur, 2020; Nigam et al., 2021).

However, the dark side was that the surging COVID cases

increased the amount of plastic waste produced worldwide by

around eight million tons from 2018 to August 2021, 46% of

which was contributed by Asia alone (Peng et al., 2021).

Production and use of single use disposable masks and plastic

based personal protective equipment (PPEs) shot up

drastically reflected by an increase in its global market of

USD 50.9 billion in 2019 to USD 91.6 billion in 2021

(Research, 2017-2020, Research, 2022). In the beginning of

the pandemic it was estimated by a reuters agency report that

India would require around 0.1 million PPE kits per day and

over 38 million masks to combat COVID-19. However, till

January 2020, India had zero production of PPE kits and N-95

masks and relied solely on the imported stock of 2.75 lakhs.

However, by the end of May 2020 India became the second

largest manufacturer of PPE kits producing nearly 4.5 lakh

PPE kits and more than 104 lakh N-95 masks (Lakshmanan

and Nayyar, 2020). Panic buying of preventive medicines and

consequentially their production took a major plunge (Ayati

et al., 2020; Sulis et al., 2021). Lot of waste in the form of

empty mineral water bottles and disposable crockery was

produced from households due to people following home

isolation (Filho et al., 2021; Urban and Nakada, 2021). This

manifold increase in the waste generated due to COVID-19

further burdened the already saddled authorities to collect,

manage and treat it in an appropriate manner (Das et al.,

2021). Even before the pandemic, single use plastics were

main constituents of marine litter, but the situation became

more grave after COVID-19 (Patrício Silva et al., 2021;

Roberts et al., 2022).

Most of the COVID-19 related wastes have an inherent

potential risk of infection and can be perilous to both man and

nature just as any other medical waste like blood stained

bandages, syringes and infectious tissues which are equally

toxic and hazardous (Singh, 2021). Since this is a special waste

stream that needs to be addressed properly owing to its toxic

and infectious nature, Central Pollution Control Board

(CPCB), the regulatory authority of India - categorized it as

the COVID-19 Biomedical Waste. Usually only 10%–25% of

healthcare waste belongs to the category of BMW (Board and

Ministry of Environment, 2016). However, in case of any

pandemic all wastes are treated as BMW (Sarkodie and

Owusu, 2021). Further, with limited beds available at the

hospitals against the flooding COVID-19 cases, individual

households and other quarantine centres became an added

source of BMW generation (Board, 2020a; Naughton, 2020).

To manage such a leap in BMW generation especially in a

country like India where population is so high while the

literacy rate and awareness is quite low, is surely an

arduous task. The current review highlights the challenges

faced, the gaps in the management strategies adopted and the

need to increase awareness and inculcate behavioural change

among all the citizens of India and other countries to manage

this plethora of waste generated.

2 Biomedical waste generation due to
rise in COVID-19 cases

It has been well documented from past outbreaks and

epidemics that the amount of BMW generated during any

health emergency is far higher than the normally generated

healthcare waste (Agrawal et al., 2020). This is logical enough

because as the number of patients increase, the demand,

production and use of disease associated preventive,

diagnostic and treatment commodities also increase. A

comparison of the amount of BMW generated in different

states of India in the year 2019 (pre COVID-19) with that in

May 2021 (second wave) clearly demonstrates this (Figure 1).

In order to see the association of increase in BMW generation

with the rising COVID-19 cases, we categorized Indian states

into three sets; States with high (>10,000), moderate

(4,000–10,000) and low (<4,000) number of COVID-19

cases averaged from 1 May 2021 to 10 May 2021. The

BMW generated during the same period was also averaged

(Table 1). Interestingly, most of the states showing high

number of COVID-19 cases also showed high COVID

related BMW production. As a representation, the average

amount of waste produced by high, moderate and low

COVID-19 reporting states was plotted along with their

respective average case numbers (Figure 2). The graph

clearly indicated that level of COVID related BMW was

significantly higher in states with more number of COVID-

19 cases and vice versa (Board, 2020–2021).

Further on, a Pearson’s correlation curve (Figure 3) of

month wise active COVID-19 cases versus COVID-19 related

BMW generated (Board, 2021) in India from January 2021 to

May 2021 revealed a strong positive association between the

two (r = 0.9773), re-affirming that the increase in BMW was

indeed due to rising COVID-19 cases. The data for May

2021 was only available till 10 May 2021, so the active

COVID cases data was also taken and averaged for the first

10 days of May 2021.
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3 Challenges in treating the
increasing COVID-19 waste in India

The plethora of waste generated due to the COVID-19

pandemic was itself a huge problem to tackle for any country.

However, in India many other challenges added to the burden of

managing this huge amount of waste (Figure 4).

3.1 Lack of data

There is a lack of sufficient and authentic data on the

amount of COVID waste generated from hospitals and

households that will enable the authorities to formulate

necessary action plan, installation of treatment facilities

and develop strategies for managing the waste in a

sustainable manner. It is very critical to identify hotspots

of waste generation, secondary collection sites for

transportation and its disposal (Manekar et al., 2022;

Saxena et al., 2022). Lack of geographical identification

leads to mixing of waste fractions as well as its

inappropriate processing and disposal.

In spite of the Supreme Court’s issuance of a mandatory

reporting requirement through the BWM App, only a few states/

UTs have registered and only a handful of them report

consistently. The CPCB Waste Tracking App has not been

used in some states, such as the Andaman and Nicobar

Islands, Arunachal Pradesh, Goa, and Sikkim (Saxena et al.,

2022). The CPCB presentation of the biomedical waste

management data has revealed critical gaps in the reporting.

In May 2021, for example, BMW’s waste generation data is

available for the first 10 days, but it is not available for the entire

month (Board, 2021). In addition, the issue of illegal dumping of

collected waste into unoccupied open spaces increases manifolds

due to the lack of proper records and checks (Swaminathan,

2018).

FIGURE 1
Comparison of BMWgenerated before and during secondwave of COVID-19 pandemic. Most of the states generated a considerable amount of
extra BMW during COVID-19 (represented by the red bar segment) as compared to the pre-COVID time.
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3.2 Changes in the household waste
composition and lack of awareness

Due to scarcity of beds available at the hospitals against the

flooding COVID-19 cases, many quarantine centres were

developed and people also had to switch to home isolation

(Siddiqui et al., 2020; Yasmeen, 2021). As a result, individual

households and these quarantine centres became an added

source of BMW generation (Filho et al., 2021) and lead to a

drastic change in the composition of municipal waste (Sarkodie

and Owusu, 2021). If we focus specifically on the household

waste, then we can observe that apart from domestic household

waste, the components also include PPE kits, masks, shoe covers,

gloves and single use plastic packaging (Anne Scheinberg et al.,

2020; Filho et al., 2021; Sarkodie and Owusu, 2021). The

challenges posed by such changes in waste composition are

manifolds ranging from existing concern of its treatment to

potential hazard for untrained handlers and rag pickers and

ignorant behaviour of people while disposing COVID-19 waste

in the same dustbin as the other household waste.

TABLE 1 Categorizing Indian states according to high, moderate and low number of COVID-19 Cases in May 2021.

S.No. Name of
States/UTs

COVID-19 BMW 10-
day
average (tons)

COVID-19 Cases (10-
day
Average)

Categories of states
as per the
number of COVID-19
Cases

1 Kerala 237.1 35,374.5 STATES WITH HIGH NUMBER OF COVID-19 CASES (> 10,000)

2 Gujarat 219.8 11,865.5

3 Maharashtra 190.2 49,635.5

4 Delhi 187.9 15,964

5 Karnataka 169.1 44,976

6 Uttar Pradesh 159.1 24,963.25

7 Tamil Nadu 135.7 26,932.5

8 Haryana 131.1 13,794

9 Andhra Pradesh 99.9 19,435.25

10 Madhya Pradesh 73.2 11,154.75

11 Odisha 66.5 10,554.25

12 West Bengal 57.2 19,077.5

13 Rajasthan 49.8 17,484.5

14 Chhattisgarh 27.6 11,928.5

15 Bihar 10.6 12,057.75

16 Telangana 49.6 5,312.75 STATES WITH MORDERATE NUMBER OF COVID-19 CASES
(4,000–10,000)17 Punjab 40 8,423.75

18 Uttarakhand 19.8 6,722

19 Chandigarh 19.1 8,013.7

20 Jharkhand 5.6 5,640.25

21 Assam 5.2 4,792.75

22 Jammu and Kashmir 24.9 4,500.5

23 Himachal Pradesh 22.7 4,062.5

24 Goa 4.5 3,061.75

25 Meghalaya 2.5 374.75 STATES WITH LOW NUMBER OF COVID-19 CASES (0–4,000)

26 Manipur 1.3 459.25

27 Arunachal Pradesh 1.12 191.5

28 Nagaland 0.74 228

29 DD and DNH 0.65 1,622.2

30 Mizoram 0.33 152.25

31 Tripura 0.2 304.25

32 Sikkim 0.15 171.75

33 Andaman and Nicobar 0.14 34.75

34 Lakshadweep 0.1 119

Total 203 380,884.15
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There is an inadequacy of knowledge on waste management

issues among citizens, and carelessness on their part creates

problems for the municipalities (Kumar and Agrawal, 2020).

According to a study in the New England Journal of Medicine,

the viability of viruses on different components of household waste

is significant ranging from cardboard on which the virus stays for

24 h to plastics on which the virus can stay up to 72 h. Thus, the

common household waste, when mixed with discarded masks,

gloves and PPEs, poses serious health concerns (Manjua, 2020).

Ideally such waste should be sent to a biomedical waste facility for

proper secondary treatment and disposal but in reality it was being

dumped openly or ended up in the landfills (Singh, 2021). Several

studies have been conducted regarding the COVIDwaste generation

and its disposal practices adopted (Anne Scheinberg et al., 2020;

Naughton, 2020; Filho et al., 2021; Sarkodie and Owusu, 2021;

Saxena et al., 2022). One of the studies conducted by an organisation

namely Toxics Link in 2019 under the title “Spreading infections?”

pointed to infectious waste being dumped as part of municipal solid

waste at healthcare facilities and hospitals in Delhi’s 11 districts. The

study results showed that 27.8% of the facilities did not even have

needle cutters, which are required by regulations regarding needle

disposal. Three-quarters of the facilities did not have wheeled waste

transportation, due to which hazardous waste was frequently moved

through patient areas. Another alarming 26.4% of the surveyed

facilities discharged liquid waste in the open drains.

In India, about five million sanitation workers resides, out of

which 50 percent are women, who are into cleaning garbage and

collecting waste from households and quarantine centres

(Chature and Gupta, 2020; Mishra, 2020). The informal sector

or waste pickers are responsible for more than 50% of segregation

of recyclable waste fractions comprising of paper, plastic, metal

and glass, however due to improper working conditions and

rummaging through the domestic hazardous waste while

segregating only recyclables leads to occupational hazards and

impacting their health. Many studies have reported that the face

covers and protective kits used by the common public could

provide an ideal environment for the virus to multiply (Mallapur,

2020). Thus, if not properly discarded, they can become a

potential threat of infection to the sanitation workers as well

as the environment. Due to lack of proper training and

awareness, many of these masks find their place ultimately in

the open dumpsites which are unmanaged and are openly burned

FIGURE 2
COVID-19 Cases vs. BMW Generation across Indian states in May 2021. The trend of waste generated (represented by blue bars) in three
different categories of states was apparently similar to the trend line (red line) representing the average number of COVID-19 cases in these states
during the first 10 days of May 2021. The numbers on right depict BWM generation (in tons per day) and numbers on left depicts average number of
COVID-19 cases for the said period.
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FIGURE 3
Pearson correlation analysis between average COVID-19 cases/month vs. average BMW generation/month (in tons) in India from January
2021 to May 2021. The graph depicts a strong positive association between the two variables (r = 0.9773).

FIGURE 4
Challenges in managing COVID-19 BMW in India. The given figure identifies four major grey areas that the biomedical waste management
(BMW) system of India is facing. These include data gaps and its unavailability, lack of awareness among citizens and waste handlers, the mix-up of
municipal waste and BMW and the inadequate capacities to manage this waste in the country.
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leading not just to health threats, but also exuberate

environmental issues like air and soil pollution (Chapman, 2021).

According to the report by The NEW Indian Express, the

sanitation workers of Chennai reported instances of anxiety

while handling household waste mixed with used face masks

(Mallapur, 2020; Service, 2020). As the production and use of

masks and safety gear increased, the focus was primarily upon

wearing face masks and not on ways of its hygienic disposal

(Mallapur, 2020). Moreover, there has been a reported lack of

access to the protective equipment for sanitation workers. Most

of the time, these workers wear overused masks which do more

harm than good. Thus, in order to secure their livelihoods in the

long term, there is a requirement to create favorable conditions

for these workers such as proper training, awareness and

required protection so that they could work with respect,

safety and reassurance during hard times (Huges, 2020).

3.3 Inadequate facilities to handle BMW

According to the CPCB data 517 tons/day of biomedical

waste was generated in the year 2015–2016, while approximately

619 tons/day was generated during the year 2018–2019. The

amount of BMW projected to be generated by 2022 was

775.5 TPD. To grapple with this huge amount of waste,

199 common bio-medical waste treatment facilities (CBWTFs)

were engaged in 2016 and 202 in 2019, while 35 CBWTFs were

under construction. Yet, the efficiency of BMWmanagement was

not 100%. However, the onset of COVID-19 pandemic led to

massive BMW generation as compared to the normal projections

for the year 2020 and 2021. In May 2021 when the maximum

number of COVID cases was reported, BMW generation

increased to around 800 tons/day (Board, 2020-2021), even

more than what was projected for 2022. However, throughout

the pandemic period from June 2020 to May 2021 even though

the COVID waste produced added 15%–20%more burden to the

already existing amount of waste produced, yet the number of

Common Biomedical Waste Treatment Facilities (CBWTFs)

engaged to tackle it remained same (Table 2).

If we compare this with the past trends of 2017, out of

200,000 tons of generated BMW in India, only 78% was treated

and the rest was disposed of into deep burials (Manjua, 2020). This

clearly means that the handling and management of BMW was a

challenge in India, even before COVID-19 pandemic. Lack of funds,

shortage of equipment and deficiency of trained BMW handlers

were major reasons for this challenge (Datta et al., 2018). Since

beginning, most of the BMW was being disposed of through

incineration and the left out untreated waste ended up in open

landfills and dump sites becoming sources of infection to sanitation

workers and environmental hazard. With such a scenario of

loopholes in the existing setup, when the COVID-19 pandemic

hit the country, the high amount of infectious BMW generated

required high temperatures of about 900°C–1,200°C for proper

disposal through incineration, as per the CPCB guidelines.

(Behera, 2021). However, due to high amounts, improper

segregation at source and micro-plastic composition of disposed

protective gear, a startlingly huge amount of plastic was ending up in

the incinerators (Singh, 2021). This improper practice of

incinerating everything not only degrades the quality and

efficiency of the limited number of available incinerators (Singh,

2021), but also become a source of toxic gases like furans and

dioxins. These are potential pollutants and also causes of cancer,

neurotoxicity and immunotoxicity to the exposed humans (Olvera,

2019; Behera, 2021).

The major reason behind this mismanagement could be due

to lack of proper training provided to the BMW handlers, lack of

adequate facilities and the ignorant behaviour due to increasing

workload of managing huge amounts of BMW transported every

day from the healthcare centers. Thus, there is a critical need to

ensure that the responsibility of managing the COVID-19 BMW

goes to the hands of trained workers who are given proper PPEs

while working with BMW. Moreover, periodical awareness

drives shall be conducted in order to keep a check on their

attitudinal and behavioural aspects while managing waste. In

order to overcome the shortage of treatment facilities and

incinerators, the use of alternatives like autoclave, microwave

and chemical methods should be promoted to treat the

increasing amount of BMW generated from different sources.

4 Gap analysis of policy and
regulatory framework: Indian and
global scenario

With respect to global scenario, many guidelines to manage the

infectious waste have been issued by different international bodies

and academic organizations (Programme, 2020; Liang et al., 2021).

Guidelines have been put forward by UN Habitat (Habitat,

TABLE 2 COVID-19 BMW generated vs. total number of CBWTFs
engaged in India*.

Month Total COVID-19 waste (tons) Total no of
CBWTFs
engaged

Junuary 2020 3,025.41 193

July 2020 4,253.46 198

August 2020 5,238.45 198

September 2020 5,490 198

October 2020 5,597 198

November 2020 4,864.53 198

December 2020 4,527.55 198

May 2021 (1–10) 2030 198

*(Source of Data: CPCB, Monthly reports on COVID-19 BMW, Management Status.)

Frontiers in Environmental Science frontiersin.org08

Khosla et al. 10.3389/fenvs.2022.1022098

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1022098


2020–2021), International Solid Waste Association (ISWA) (Anne

Scheinberg et al., 2020), Unitedbib_habitat_2020_2021 Nations

Environment Program (UNEP), (Programme, 2020), World

Health Organization (WHO) (Capoor and Parida, 2021) and

other country specific norms (CDC), 2020; Board, 2020b;

Commission, 2020) to manage the COVID-19 waste, one of the

critical challenges during the COVID-19 pandemic. On an

international level, there are about 168 national laws that

specifically focus upon BMW. Of these, 57 laws emphasize only

on healthcare waste streams and 111 laws put spotlight on multiple

streams of waste (Programme, 2020).

The guidelines or advisories elaborate the kind of waste

generated and provide the key responsibilities of different

stakeholders along with the step-by-step process of proper

segregation, collection and safe disposal of COVID-19

related waste. Table 3 provides the guidance or advisories

issued to manage the COVID-19 waste in an effective

manner.

This table highlights various important guidelines that India

and other countries have laid down to combat the risks associated

with COVID-19 waste. India, as a developing nation, can adapt

these guidelines proposed by other countries to strengthen its

existing systems and address the current loopholes.

Although measures have been outlined to combat COVID-

related waste, enforcing and implementing them seems difficult

due to the inadequate infrastructure and lack of resources.

Especially in geographically isolated areas such as the islands

of Andaman and Nicobar and Lakshadweep or in high-altitude

mountainous regions, monitoring of compliance with guidelines

and procedures is crucial (Board, 2019; Dehal et al., 2022).

Similarly, citizens’ awareness levels and behaviours regarding

proper waste segregation, collection and disposal are also

important to monitor and improve. Contrary to Japan, India

places a high priority on the general collection and transportation

of waste from isolation wards and treatment facilities

(Programme, 2020). The majority of workers involved in this

process are unskilled, meaning that source separation has a

negative impact on the situation (Corburn et al., 2020; Galanis

et al., 2021). Thus, instead of hiring multiple unskilled sanitation

workers, it is important to provide the workers with adequate

training and protective equipment along with maintaining a

record of the generated COVID-19 waste. In addition, it is

essential that India decrease its reliance on incineration and

consider alternative techniques along with collaborating with UN

programs on BMW management.

5 Recommendations

The COVID-19 pandemic led to immense dependence and

demand on generation of more single use plastics or disposable

plastics, PPEs etc., making the waste management system more

TABLE 3 Guidelines and advisories to manage COVID-19 waste in different countries.

S.No. Country Guidelines

1 South Africa The COVID-19 National Public Hygiene Strategy and Implementation Plan developed by the National Department of Health.
(2020). Waste management response to COVID-19 pandemic in South Africa Western Cape perspective, 2020.

In order to manage waste, South Africa equally employs techniques like steam sterilization (autoclave), shredding, microwave, etc.
Apart from solely being dependent on incineration; Programme. (2020).

By taking aid from the United Nations Industrial Development Organization (UNIDO) project, South Africa’s government,
industry and waste reclaimer organizations are able to complement and strengthen their initiatives to advance the implementation
of the National Guidelines on Waste Picker Integration Tebogo Maleka and DeWet. (2020).

2 Japan Ministry of Environment, Japan (MOEJ) notified all local governments to confirm the existing guidelines and manuals for
healthcare waste to manage COVID-19 waste;

According to the laws of Japan, the key consideration is on the separation of infectious, non-infectious and other general waste and
the treatment and storage of this infectious waste can only be carried out by the authorized persons Programme. (2020).

3 Germany The Federal Environment Ministry of Germany (BMU) has provided certain guidelines for proper garbage disposal during
COVID-19 Federal Ministry for the Environment. (2020). In particular, disposing of residual waste, packaging waste (yellow sack),
waste paper, and biodegradable waste in the general waste bin (Federal Ministry for the Environment. (2020). All this waste must be
put into robust, tear-proof refuse bags and even tissues should not be allowed loose in the waste bin.

4 India A comprehensive legislative framework has been put in place for BMW during COVID-19 (CPCB guidelines, BMWmanagement
rules). Ample duties are assigned at various levels ranging from managing COVID-19 waste in isolation wards, to allocating
responsibilities between local authorities, state pollution control boards, and pollution control committees Devi et al. (2018); Board.
(2020c); Dehal et al. (2022); Different categories and components of BMW have been determined with guidelines on effectively
handling them (Saxena et al. (2022).

5 Nepal The Health Emergency and Disaster Management Unit of the Ministry of Health and Population has issued a number of interim
guidance documents: (i) Interim Guidance for Extension of COVID-19 and Other Health Services, 2020; (ii) NMC Interim
Guidance for Infection Prevention and Control when COVID-19 is suspected; (iii) Interim Clinical Guidance for Care of Patients
with COVID-19 in Healthcare Settings; (iv) COVID-19 Clinical Management Guideline; (v) Guidelines for use of PPE -COVID-19;
(vi) COVID-19 Dead Body Management Guidelines; (vii) SOP for cleaning and decontamination of ambulance Chaudhary et al.
(2015).
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vulnerable and fragile (Luhar et al., 2022). There is a need to curb

the usage of disposable masks, PPE kits and other disposable waste

that is increasing the generation of waste during the pandemic and

compromising our health and the environment. It is utmost

important to provide viable technological solutions along with

behavioral as well as institutional changes for managing waste in a

scientific manner (Vanapalli et al., 2021). To bring this change, it is

necessary to involve stakeholders, informal sector, academicians,

think tanks and manufacturers and all the citizens (Keith Alverson

et al., 2021) in this cause, Based on the secondary research,

literature review and the experiences witnessed during the

pandemic, the recommendations presented below could address

the complex and diverse situation of managing the complex waste

fraction generating from households as well as hospitals:

5.1 Data management and utilization of
digital innovation for adequatemonitoring

Data is an important aspect of planning and policy measures.

However lack of data leads to improper planning and response

mechanism towards any emergency, where resource allocation is

most important for relief mechanisms. To strengthen the

monitoring mechanism and gathering accurate data, advanced

digital innovations must be employed (Brahmbhatt et al., 2022).

Internet of things, Blockchain technology or Artificial

intelligence can act as a game changers for traceability of

contacts, alerts and warning systems, mapping of potential hot

spots and timely support during and post the pandemic (Abd-

alrazaq et al., 2021; Sheeraz et al., 2021). Furthermore, integrating

FIGURE 5
Innovation and Creativity to reduce the number of masks in landfills. The disposed COVID-19 masks can be repurposed into seedling planters
after proper sterilization, thus reducing waste to landfills and promoting environmental sustainability. After bleaching and sun-drying for 72 h,
disposable masks can be recycled. The edges of the masks could be sewed to give it the shape of a planter. In these planters, different seeds from
everyday household consumption can be collected and germinated for an adequate amount of time. These mask planters could be planted in
open spaces or large pots after plants have grown to a suitable size to nurture healthy growth. Innovative solutions like this should be publicized and
newer ones encouraged.
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all stakeholders at one platform will ensure immediate action and

timely support in terms of collection as well as transportation of

COVID waste from the hotspots to the biomedical processing

facility.

5.2 Robust communication strategy

A robust communication strategy can be developed for

creating mass awareness amongst citizens about the negative

consequences of unsegregated mixed waste on health and the

environment. Creating awareness through Information

Education and Communication (IEC) activites like regular

trainings of sanitary workers and operational staff,

performance of jingles and nukkad nataks in schools,

residential areas and communities can be quite useful.

5.3 Promoting sustainable alternatives for
consumption and production

It has been reported that 22 million tons of plastic leaked

in the environment in 2019 which is projected to be double by

2060 (Chowdhury et al., 2022). The growth in Single use

plastic (SUP) such as gloves, face masks, face shields, PPE

kits has added pressure on authoriites to manage the waste

efficiently (Patrício Silva et al., 2020). To address this concern,

efforts need to be made to find innovative ways of recycling

and reusing masks (Figure 5) in order to reduce the burden on

landfills (Ahmed and Lim, 2022; Idrees et al., 2022). There

should be a mechanism developed for incentivizing and giving

rewards to people developing such methods. R&D sectors

must be promoted and startups for post-consumer

recycling process of the SUPs should be encouraged to

retrieve usable material through a process of sterlisation

and further extraction through sorting machines (Vanapalli

et al., 2021). The plastic fraction recovered can then be

converted to either granules that can be further utilised or

upcycled.

Combination of treatment comprising of incineration,

thermal, chemical and biological can be carried out to

amicably treat the enormous waste produced. Design thinking

principles and thorough financial planning is required to

enhance the capacity of existing treatment facilities and also

to build new ones.

Strict enforcement of the rules and penal provision to be

applied for the defaulters and noncompliance of the rule with

respect to segregation, collection, transportation and proper

disposal.Geotagging of COVID-19 waste transportation

vehicles to ensure they are collected and transported

separately to the designated centres or facilities. Regular

monitoring and database maintenance.

Combination of centralized and decentralized waste

management interventions to be adopted.

6 Conclusion

As the COVID-19 pandemic has come into picture, the

challenges with BMW and its sources, has put a significant

concern in front of us. Through this paper, we have presented

multifaceted sub-branches of the main concern, that is,

challenges in retrieving the correct data managing COVID-19

waste, mixing of masks and PPEs in domestic waste and

addressing to the challenges faced by informal sectors and

sanitation workers. In India, both BMW and MSW have

different set of guidelines, but with the scenario like COVID-

19 pandemic, where the medical waste is finding its sources in

households (Goswami et al., 2021; Dehal et al., 2022), our

attention also needs to be focused on formulating protocols

in case of this mix-up. The problem is not just related to physical

wellbeing of citizens but also to the mental, psychological,

economic and social aspects. Thus, in order to find practical

solutions, principles like solidarity, accountability,

transparency, equity, affordability and collaboration are

strictly needed.

In conclusion, this paper has emphasized the importance and

need of segregation of waste at source as well as sensitization and

mass awareness of citizens to take an informed and necessary

action required to tackle the huge amounts of waste produced. To

manage the waste responsibly and sustainably it is very important

to adopt the circular economy principles, by reprocessing and

reusing the PPEs and adopting decontamination methods to

keep the supply chain intact. Combination of thermal and non-

thermal technologies along with chemical, biological processing

enabling further recycling of the extracted material can greatly

contribute towards circular economy. Furthermore, adopting

decentralized ways of waste management in order to curb the

waste generation at source and aiming at resource recovery is

quite important. The comparative analysis was drawn globally

with respect to the initiatives taken by the other countries to

tackle the COVID waste and where are the gaps and scope of

improvement. In the end it is important to understand the gravity

of the problem and take collective and joint responsibility to

manage the waste at source as the key to curb the environmental

and health impacts. C F D C a P, 2020, Research, 2022.
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