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Abstract

The recent emergence of the COVID-19 pandemic has contributed to the drastic production and use of healthcare and personal
protective equipment, leading to the release of a huge quantity of hazardous medical and solid wastes in the environment.
Meanwhile, these solid wastes may contribute to the spread of the SARS-CoV-2 viral particles when disposed of without
proper treatment and care. Since SARS-CoV-2 could persist on different material surfaces including plastic, steel, paper,
cardboard, cloth, and wood, proper management of these hazardous solid wastes has become a challenging task during the
COVID-19 pandemic. In this paper, an overview of the consumption of COVID-19-related healthcare and personal protec-
tive equipment along with the production of hazardous solid waste is presented. The efficient management of these wastes
is necessary to prevent the entering of SARS-CoV-2 in various environmental compartments. Therefore, some preventive
measures including the use of biodegradable materials for manufacturing personal protective equipment, minimizing the use
of non-biodegradable materials, efficient pre- and-post planning, careful segregation, and disposal are, therefore, proposed
for their sustainable management. The findings reported in this paper contribute to tackling the problems associated with
hazardous solid waste management, particularly for low- and middle-income countries.
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Introduction

Solid waste management is one of the long-time contend-
ing issues around the world, with the aggravated situation
in cities of the developing countries. The current pandemic
of COVID-19, which started in late December 2019 and
subsequently declared as a global public health crisis on
January 30, 2020, by the World Health Organization [1],
spreading to 213 countries with more than 20 million con-
firmed infected people and about 7,44,000 deaths as of
13 August 2020, majority of which are due to commu-
nity transmission [2], is creating further challenges on the
waste management industry. The increasing solid waste
and wastewater generations, their improper treatments
arising from a growing population, and human interactions
and activities in developing countries [3] could serve as
potential drivers for the spread of COVID-19 and its dev-
astating impact on the environment [4, 5]. While sustain-
able approaches to preventing COVID-19 spread through
wastewater have received significant attention [6-8], the
management of solid waste as related to COVID-19 is
limited [5, 9]. Also, the production of personal protective
equipment (PPE) kits, including hand gloves, facemasks,
white gowns, and rubber boots, and other essential medi-
cal items such as specimen bottles and syringes, among
many others, have increased considerably, leading to a sig-
nificant amount being discarded in the environment after
use [9—-11]. Furthermore, a serious concern of sustainable
management of immense solid wastes that are being gener-
ated in the course of tackling the COVID-19 pandemic has
been raised [12, 13].

Among the urgent measures recommended by the WHO
to mitigate the further spread of the COVID-19 is the use
of personal protective equipment (PPEs) by the health-
care personnel and other people tending to the infected
COVID-19 patients, and also the use of facemasks by the
individual in public places. On this note, many countries
have mandated the use of facemasks in a public gathering
with a serious fine, including jail term for any individual
flouting the rule [14]. This measure has created an upsurge
in the production and use of facemasks in many countries,
while the management of the solid waste generated specifi-
cally from the use of PPEs, including facemask, is often
not in place. Table 1 indicates the estimated daily number
of facemasks usage in some selected developing countries
following the method reported by [15].

The percentage increase of COVID-19 confirmed cases
above 1000% in the majority of the developing coun-
tries since May 1, 2021, indicating a possible rise in the
number of facemasks (estimated daily facemasks above
10 million for many of the countries) when the majority
of these countries implemented the facemasks measure
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for all the residents (Table 1). While serious attention is
given to the used PPEs by the health personnel on their
handling, disinfection, and disposal, the facemask, which
is the most common type of PPEs, is often disposed of
indiscriminately in the environment [12]. Moreover, a case
of improper handling of used health-care personnel-based
PPE was reported in Nigeria [15], one of the developing
countries with the most population in Africa. There are
no existing concrete measures in place for the collection,
disinfection, and disposal of used facemasks and other
PPEs in many developing countries during this COVID-19
pandemic, especially those generated from the household
level [17]. Zand and Heir [10] reported the increase in the
landfilling of solid wastes, including the hospital wastes,
as a means of solid waste management during the ongoing
COVID-19 pandemic, which could lead to contamination
of environmental compartments such as soil and ground-
water [18, 19]. The ease of nationwide lockdown measures
in many of these countries has led to the littering of dis-
posable gloves and facemasks [13, 20], which are expected
to aggravate the situation on community-based waste man-
agement. Moreover, most of the chemically synthesized
materials that are being used for the production of face-
masks and other PPEs are non-biodegradable polymers
and could remain in the environment for many years if they
are improperly disposed of. This paper, therefore, provides
an overview of solid waste management in recent years in
developing countries and discusses the readjustment of the
management strategies in light of the current COVID-19
pandemic. Furthermore, some policy frameworks and pos-
sible sustainable measures that could be adopted for the
developing nations to forestall the spread of the COVID-
19 via household and medical wastes were proposed.

Challenges of solid waste management
in the developing countries
during the COVID-19 pandemic

The increasing solid waste generation in some of the devel-
oping countries has always been a source of environmental
concern, especially in the cities where the population tends
to be extremely high due to increased rural-urban migration.
The advent of the COVID-19 pandemic has further turned
the situation into a quagmire with heightened health risks.
The proliferation of improperly disposed and contaminated
PPEs is the new challenge to be faced in the waste manage-
ment sector, posing greater environmental and health issues
[10, 20]. For instance, about 3.4 kg of hazardous wastes
is expected to be generated daily by each infected person
in Bangladesh who are being isolated and quarantined in
their various homes due to limited capacity in the health-
care facilities [17], while China and some other developing
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Table 1 Estimated daily facemasks usage in some selected developing countries with the COVID-19 increase rate

Country *Population iCOVID-19 cases 2COVID-19 cases (Janu- Percentage increase of PEstimated daily face-
(million) (May 1, 2020) ary 10, 2021) confirmed cases (%) masks usage (million)
Brazil 212.56 92,109 80,75,998 8668 299.28
India 1380.00 37,257 1,04,51,346 27,952 772.80
Iran 83.99 95,646 12,80,438 1239 102.14
Pakistan 220.89 18,092 1,76,617 2677 123.70
Bangladesh 164.69 8238 1,12,306 6229 102.77
South Africa 59.31 5951 92,681 20,303 63.58
Columbia 50.88 7006 65,633 25,184 0.65
Egypt 102.33 5895 53,758 2424 70.41
Indonesia 273.52 10,551 45,891 7656 245.08
Argentina 45.20 4532 41,204 37,729 0.67
Philippines 109.58 8772 30,052 5438 82.40
Oman 5.11 2447 29,471 5215 7.11
Iraq 40.22 2153 29,222 27,876 46.98
Afghanistan 38.81 2335 28,833 2191 15.53
Bolivia 11.67 1167 23,512 14,707 0.13
Nigeria 206.14 2170 19,808 4465 171.51
Ghana 31.07 2074 13,717 2589 28.34
Algeria 43.85 4154 11,631 2353 51.22
Cameroon 26.55 1832 11,610 1366 23.79
Morocco 36.91 4569 9957 9785 37.80
Sudan 43.85 442 8580 5175 24.56
Ivory Coast 26.38 1333 7276 1662 21.52
Uzbekistan 33.47 2086 6272 3619 26.78
Senegal 16.74 1024 5888 1951 13.13
DR Congo 89.56 604 5826 3072 65.92
Ethiopia 114.96 133 4532 95,984 38.63
Kenya 53.77 411 4478 23,789 24.09
Sri Lanka 21.41 690 1950 6833 6.17
Paraguay 7.13 266 1362 43,143 0.07
Yemen 29.83 7 922 29,957 18.13

2Source: Worldometer [16]

bCalculation method was adapted from Nzediegwu and Chang [15]

countries are expected to generate more of the hazardous
wastes [21, 22]. While there is an existence of green and sus-
tainable measures for solid waste management in the devel-
oped countries to sustain and manage the increasing use
and after use of PPEs [15], the existing waste management
structure in the developing nations is inadequate and lack
the capacity to sustainably manage the rising and hazardous
nature of emergent SARS-CoV-2-contaminated solid waste.

Among the several challenges solid waste management
is facing in developing countries, the environmental behav-
ior, attitude, and perception of the residents toward waste
management, especially at household and community-based
levels, are some of the profound factors responsible for poor
waste management [22]. For instance, a funeral attendee of
a deceased from COVID-19 complication openly disposed

of the worn PPEs immediately after attending the burial in
Nigeria [23], which could have been easily scavenged for
reuse unknowingly without proper decontamination. The
lack of attitude to community participation in solid waste
management due to the non-existence of synergy among the
various actors involved in waste management was identi-
fied in Zimbabwe [24]. Similarly, despite understanding the
challenges involved in waste management, the residents of a
community in South Africa reported to have not involved in
a community participation to address the menace pose by the
generated wastes within their community [25]. The residents
and households of some of the developing countries often
perceive that it is the sole responsibility of the government
or the municipality to handle solid waste management [9,
24]. However, due to the complexity of waste management
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and the rising population with emerging hazardous wastes
generated from the pandemic, there is a need for holistic
approaches involving various stakeholders, including house-
holds, communities, waste managers, and policymakers.

One of the efficient ways identified to sustainably manage
solid waste is source separation [26]. However, the inability
to implement source separation of solid waste materials into
different categories at household levels in many develop-
ing countries creates barriers to achieving sustainable waste
management [27]. Oyedotun et al. [9] found that a significant
percentage of sampled households from Nigeria (57.5%)
and Guyana (63.4%) confirmed the presence of PPEs, with
potential contamination, in their general household solid
waste. The knowledge gap regarding environmental prob-
lems was responsible for poor and unsustainable waste man-
agement in the developing and low-income countries [22,
25]. Inadequate concern due to a considerable low level of
awareness of waste contamination by the SARS-CoV-2 has
been demonstrated in some developing countries, resulting
in a lack of knowledge on the treatment of such contami-
nated wastes and improper waste management [5, 9, 28]. The
open dumping of solid waste and poorly managed landfills
are the common practice of waste management in devel-
oping and less developed countries, where scavengers and
waste pickers freely access and retrieve potentially contami-
nated materials for sales and reuse [15, 18].

Solid waste management is capital intensive, with the
government often responsible for the financial burden [29].
This approach is deemed not sustainable, as the government
is often unable to live up to the expectation of the financial
responsibility of waste management [25]. Meanwhile, the
willingness to pay for the improved waste management in
some of the developing countries is largely based on the
level of environmental awareness, education level, and
monthly income of the residents and households [26, 30,
31]. However, indiscriminate solid waste disposals, includ-
ing open dumping, unregulated disposal, and open burning,
are being practiced, especially when the stringent rule to
preventing such are not in place [22]. There are cases where
waste management personnel often embark on industrial
strikes due to non-payment of their wages, thereby result-
ing in an alteration in waste collection schedules for a long
time [22, 32]. The irregular frequency of waste collection
service was identified as one of the reasons for poor waste
management in Syria, while some residential areas have no
waste collection service, leaving the residents to engage in
indiscriminate disposals of their wastes [22].

Safe and suitable waste management is very critical dur-
ing this pandemic to tackle the COVID-19 menace, which
has put the whole world at risk. The generated wastes from
this epidemic, irrespective of the source, should be treated
as hazardous or infectious and be separately disposed of
to ensure minimal impacts on public health (human health
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and the environment) [33, 34]. This is consequent upon the
fact that there is a high possibility of contamination of sub-
stances in the domestic and non-healthcare environment
since the use of face masks, hand gloves, and other PPEs
has become a general practice or norm in the public space
and not only in the health sector. In a broader perspective,
the haphazardly managed waste can adulterate the oceans,
clog drains and cause flooding, transmitting diseases through
the breeding of vectors, snowballing respirational issues via
airborne particles from waste burning, hurting animals that
unknowingly feed on waste, and adversely affect the eco-
nomic development. To this end, there is the need for urgent
action at all levels of society through planning sustainable,
healthy, and green approaches for the management of solid
wastes such as expended PPEs to curtail the proliferation of
COVID-19.

The persistence of SAR-CoV-2, a virus causing COVID-
19 on the material surfaces, including plastic and stainless
steel up to 72 h was previously reported [35]. The droplets
on the facemask could contain some viral RNA of SAR-
CoV-2, especially from asymptomatic individuals which
might be handled carelessly by waste managers or found
their way into the environment without proper decontami-
nation. Meanwhile, the majority of the facemasks are often
made of or contain polypropylene, which is a form of plastic
material. This material is difficult to degrade naturally in
the environment and could be another potential of pollu-
tion to the aquatic environment [36]. Figure 1 provides an
overview of potential sustainable measures for household
and medical wastes associated with COVID-19 spread in
the environment.

Management and mitigation strategies
for solid wastes associated with COVID-19

In this section, the most recent mitigation strategies for
the management of medical wastes are discussed. Special
focus is placed on papers on the subject published in the
last 5 years and the goal is to evaluate how these mitiga-
tion strategies could be influenced in light of the COVID-19
pandemic. The need to study HSW disposal especially in
scenarios where there are isolated patients with infectious
diseases was raised [37]. Though most studies have evalu-
ated these techniques from an environmental perspective, the
effectiveness of these techniques for dealing with such waste
to prevent the spread of the COVID-19 virus was deliberated
in the section.

Hospital solid waste includes chemical waste, radioac-
tive waste, tissue wastes, pharmaceutical and cytotoxic
waste, and mixed waste [38, 39]. Negligence of HSW in
itself can be quite risky [40]. The peculiarity of hospital
solid waste is that it can contain infectious diseases [41],
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Fig. 1 Solid waste associated with COVID-19 spread with potential sustainable measures

of which COVID-19 is not an exception. About 15% of the
waste generated by hospitals is considered to be hazard-
ous [42]. Open dumping and landfilling are generally not
advisable techniques for disposing of HSW as it leaves the
waste vulnerable to human exposure [18, 43]. However,
these approaches of solid waste disposals are often found
in developing countries [44], with indiscriminate dumping,
landfilling, and open dumping/burning accounted for 65, 25,
and 10%, respectively, of solid waste disposal methods in
Liberia [45]. The management techniques for solid waste
should involve segregation, collection/on-site transportation,
on-site storage, and off-site transportation [46, 47]. In some
larger facilities/hospitals, the waste management system can
be on-site. Segregation is a key aspect of waste management
that has to be done carefully and with appropriate PPE to
avoid infection [46].

Some of the countries in the developing nation lack a
proper policy framework to address the enormous solid
waste generation rates [45]. For instance, in Ogbomoso
town, Nigeria, it was observed that there was no govern-
ment-assisted infrastructure for the recovery, disposal, and/
or recycling of hospital waste [48]. Though this in itself
is risky, incineration, and burning as a disposal technique
would be effective for COVID-19-infected waste due to
the high temperature involved. It has been established that
techniques such as pyrolysis and chemical disinfection are
more effective in dealing with hospital solid waste (HSW)

than incineration and landfilling from an environmental per-
spective, albeit considering Swat district, Pakistan [49]. For
COVID-19, chemical disinfection would be effective for the
virus and pyrolysis would also give positive results due to
the high temperature used. These scenarios bode well for
HSW management. Similar conclusions on the poor envi-
ronmental impact of incineration and landfilling as against
composting arrived at for the case of Gujranwala, Pakistan
[50]. For COVID-19, composting would likely not lead to
the spread of the virus if the system is done on a separate
vessel and appropriate safety precautions are taken in waste
handling.

Other techniques for handling HSW include autoclaving
(steam sterilization) and microwaving [51, 52] and these
are virus effective too. More novel technologies that can be
implemented include low-temperature plasma, irradiation
technology, reverse polymerization, and bio-converters [52].
For cases where there is a lack of an integrated system for
the management of solid waste, the possible spread of the
pandemic would invariably become a serious issue. Lack of
management system for HSW has been reported in hospitals
in places like Aligarh, India [53], Lagos, Nigeria [46], Hor-
mozgan province, [ran [54], Patiala city, India [55], Rajshahi
City, Bangladesh [56], Pokhara, Nepal [57] and Anambra,
Nigeria [58].

A summary of the legislation for hospital waste handling
and disposal for different developing countries is presented
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by [38]. These would need to be reviewed and revised in
light of the current global health challenges and the need for
more caution in waste handling. From the future perspective,
the integrated recycling, waste reduction, and reuse, and
solar energy applications for utilizing HSW were proposed
[59]. In the current scenario of COVID-19, the applicability
and safety of such techniques will come under more scrutiny.
A more detailed presentation of the key research recent find-
ings on hospital solid waste (HSW) management in the last
5 years is given in Table 2.

Policy response and implications of solid
waste management in the face of pandemics

The waste management policies that are currently practiced
at various levels of developing countries are found to be inef-
fective, inefficient, and unsustainable, as the formulation and
implementations of such policies are carried out at different

levels of government independently [9], thereby creating a
synergistic gap. Although the current COVID-19 pandemic
was never envisaged, the existing inadequate structure and
inefficiencies in the waste management in many of the
developing countries need appropriate policy rejigging and
adequate policymakers interventions in terms of sustainable
approaches to mitigate the potential cross-contamination
through the improper disposal of used PPEs and imminent
post-COVID 19 littering epidemics. The following sustain-
able approaches are proposed to competently manage solid
wastes especially used PPEs, including facemasks, during
and after the COVID-19 contagion:

Firstly, there is a need for sensitization on community-
wide participation in waste management. The era of leaving
the waste management solely for the government is unsus-
tainable due to increasing population, waste generation rates,
and an unexpected scenario like the current COVID-19
pandemic. The management of different kinds of waste at
both individual households and community levels should be

Table 2 Recent research findings on hospital solid waste (HSW) management

Location Key findings

Reference

Ogbomoso, Nigeria

The government did not assist in the waste disposal and there was no recycling of waste. Disposal ~ [48]

was majorly by incineration/burning and landfill

Swath district, Pakistan
landfilling

Aligarh, India
Gujranwala, Pakistan
ronmental perspective
Nablus, Palestine
hospital waste generation
Developing countries
standards

Pyrolysis or chemical disinfection was more effective in dealing with HSW than incineration and [49]

Most hospitals in the region did not have an HSW management system [53]
Landfill and incineration were less effective than incineration for dealing with HSW from an envi-  [50]

System dynamics modeling was used to develop a comprehensive and sophisticated prediction of  [60]

Most developing countries have a high level of hazardous waste in their HSW beyond the WHO [61]

Sant’Ana do Livramento, Brazil Most of the health professionals at the hospital were aware of the risks of the wastes and handled [62]

them carefully for disposal
Lagos, Nigeria

In most hospitals in the area, there were no internal policies or guidelines in place for managing the [46]

wastes
Hormozgan province, Iran About 9.45% of the waste generated is hazardous and there are still serious disposal issues [54]
Tehran, Iran In most hospitals, the waste was properly segregated and disinfected and only a few hospitals [63]
(20%) had HSW storage

Patiala city, Punjab, India
of HSW

Rajshahi City, Bangladesh
non-hospital waste

Pokhara, Nepal
was low

Jogyakarta, Indonesia

Mazandaran province, Iran
waste by incineration

There was an absence of proper waste management and a general lack of awareness of the hazards  [55]
The unsafe practice of open dumping was still practiced and clinical waste was not separated from  [56]
Hazardous wastes in the HSW were above WHO limits and awareness of safe disposal techniques  [57]

The waste was properly handled but recycling has not been considered [64]
36.1% of the HSW generated was hazardous and over half the hospitals considered disposal of their [65]

Anambra, Nigeria The key issue in the disposal chain was the unavailability of suitable materials for waste segrega- [58]
tion
Ile-Ife, Nigeria The methods used and materials employed in storage and disposal was not in agreement with [66]

WHO standards
Shimla City, India

HSW generation was properly handled and the practitioners were aware of its risk [47]
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encouraged. For instance, during the peak of the COVID-19
pandemic and the implementation of lockdowns, some coun-
tries suspended waste management and recycling activities
due to the fear of contracting the COVID-19 through con-
taminated materials [17]. This singular act resulted in over-
flowing of waste bins with different kinds of waste including
organic wastes and plastics, and littering of the street with
household waste materials [67, 68], leading to foul smells in
many streets due to lack of appropriate knowledge on waste
management at the household level and non-existence of
community waste management participation [17, 22]. The
gap of inadequate manpower in the waste management sec-
tor can be filled by integrating the scavengers and waste
pickers properly into the fold of the waste management sec-
tor at the community level by providing them with the nec-
essary training, and essential protection equipment and kits
to safeguard them from any injury and infections associated
with the work.

Secondly, the incorporation of source separation into the
popular 3Rs (reduce, reuse, and recycle) of sustainable waste
management is an essential way to prevent the cross-contam-
ination of infections from the likes of COVID-19 pandemic,
while pursuing the United Nations sustainable development
goal (SDGs) of sustainable cities and communities. Source
separation would ensure the removal of the hazardous wastes
right from the source while ensuring the reuse and recycling
of recyclables without any potential forms of health risks.
Furthermore, a policy for waste treatment infrastructure at
the community level should also be promulgated. This can
be in the form of on-site waste treatment facilities at hospi-
tals and various communities, including locally made auto-
claving machines, incinerators, and controlled landfills for
biodegradable materials. The decentralization policy of solid
waste management would ensure appropriate and timely
treatment of different kinds of wastes close to where they
are generated and avoid unintended hijacking or spillover of
hazardous wastes in the environment. Other treatment tech-
niques that can be employed for the increasing generation
of hazardous wastes based on the technical expertise, acces-
sibility, and resources availability and affordability include
pyrolysis, thermal or heat-inactivation treatment, microwave,
and radio wave treatment, dry heat treatment, gas steriliza-
tion, ultraviolet germicide irradiation, and use of chemicals
as disinfectants [69, 70].

Thirdly, due to the capital-intensive nature of waste
management and the inadequate waste management struc-
ture in developing and less developed countries, the shar-
ing of the cost of waste management should be extended
to the consumers in the form of a pay-as-you-throw policy.
This policy is needed for robust and sustainable financing
of logistic supports that are required for efficient waste
management services. The pay-as-you-throw policy is
already in place in some of the developed countries, and

success recorded in the efficient and sustainable manage-
ment of solid wastes through the implementation of the
policy has been noted [26]. This policy, if well imple-
mented, would address the issue of infrequent collection
and transportation of generated wastes from households to
the appropriate treatment facilities as more personnel and
infrastructure would be deployed for such tasks due to the
availability of funds.

Fourthly, open dumping and unregulated landfills should
be banned, while the construction of landfills and their
accessibility should be institutionalized in such a way that
adequate consideration would be placed on the environmen-
tal and health risks of the residences around such facility.
Since the practice of open dumping and involvement of
unregulated landfills are encouraged due to the inadequate
access to waste collection and waste disposal facilities [9],
there is a need to provide adequate infrastructure for waste
collection, transportation, and disposal that could ensure
safe and efficient management of the generated wastes. Most
importantly, the sensitization of the citizens on the dangers
of open dumping and unregulated construction of landfills
within the neighborhood on the environment and their health
should be strengthened, especially during the COVID-19 era
and future pandemics.

Lastly, a new waste management policy should be
enforced or integrated into the existing policy to create an
alternative waste management approach in a coordinated
flow from disposal point to the treatment unit, especially
for hazardous wastes generated from different households
and healthcare facilities, which is to be managed at the com-
munity level. A unique color code bin can be proposed for
storing such hazardous waste. This policy approach would
ensure that proper training on waste management and pro-
vision of essential protection kits are provided for the com-
munity-based actors involving in the waste management and
handling of hazardous wastes. The unfortunate situation of
scavengers or waste pickers without proper protective wears
handling the hazardous waste materials [17], making them
vulnerable to infections like COVID-19 while looking for
daily livelihoods [15], would be adequately prevented as
the hazardous waste materials would have been decontami-
nated and separated from other wastes. Other general policy
response measures that could be implemented include:

1. Non-knowledgeable people about healthcare waste man-
agement should be banned to be at the forefront of solid
waste management, especially as long as the current
pandemic persists.

2. Medical waste must be collected separately and disposed
of after proper disinfection to reduce the possible conse-
quential health and environmental effects that might be
a herculean task to handle if the government disregards
the effect of this contagion on the environment.
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3. In circumstances where there is limited skilled man-
power, training programs should be organized for people
who will be employed to handle these infectious wastes.

4. Sensitization via TV, radio, posters, seminars, confer-
ences, and other social media platforms should be done
and well coordinated regularly to educate and bring
awareness to everyone about the need to ensure safe and
reliable municipal solid waste management.

5. Access to landfills by countless informal workers pick-
ing up and selling recyclables from the waste stream to
meet their daily needs should be restricted because these
informal workers are particularly vulnerable to infect
themselves, which can be easily transmitted to others.

6. Although waste recycling is an efficient way of con-
serving natural resources and preventing pollution, as a
result of the emergence of COVID-19, the widespread
practice of single-use products should be intensified and
recycling of wastes should be suspended to reduce the
risk of spreading the virus in the recycling centers.

7. Since waste is linked with the soil and indirectly to
the water bodies, wastewater treatment plants should
strengthen their disinfection procedures to inhibit the
spread of the new coronavirus via wastewater reuse.

8. Incineration or deep burial of anatomical waste such as
human tissue should be adopted only where there is no
access to a biomedical waste treatment facility in rural
or remote areas.

9. Face masks produced from polymers are drastically
increasing, thereby intensifying waste management
issues which can result in plastic or microplastic pollu-
tion. Biodegradable polymer materials including high
molecular weight polyethylene (HMPE), engineered
fibers, natural polymers, aramids, sponge nitrile, polyu-
rethane, etc. should be used for the manufacturing of
PPEs. Besides this, the carbon and water footprint of
manufacturing materials should be lesser as compared
to other available chemically synthesized materials.

Conclusions

The significant danger of snowballing transmission of
COVID-19 via inappropriate management of expended
PPEs cannot be overemphasized. The enormous increase
in the number of cases coupled with the pre-existing inef-
ficient solid waste management system in the developing
nations calls for viable approaches to curb the proliferation
of COVID-19. Moreover, the increasing reported cases of
infected people with COVID-19 in developing countries
could further the existing stringent rule on the mandatory
use of facemasks and the possible extension of lockdowns
across these countries, thereby leading to compounding
problems of solid waste management of expended PPEs.

@ Springer

Therefore, there is a need for revising the existing waste
management policies in developing nations in tandem with
what is obtainable in the twenty-first century to sustainably
and efficiently address the environmental and health chal-
lenges emanating from increasing waste generation and
unexpected scenarios like the COVID-19 pandemic and
other future ones. More so, the sustainable approaches pro-
posed in this study are indispensable to address the solid
waste generated from handling the COVID-19 pandemic.
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