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Abstract

The containment of the spread of COVID-19 pandemic and limitations on commercial
activities, mobility and manufacturing sector have significantly affected waste manage-
ment. Waste management is critical to human development and health outcomes, espe-
cially during the COVID-19 pandemic. The invaluable service provided by the waste man-
agement sector ensures that the unusual heaps of waste that poses health risks and escalate
the spread of COVID-19 is avoided. In this study, we assess the impact of COVID-19 pan-
demic on waste management by observing lockdown and social distancing measures. We
found that the quantity of waste increased across countries observing the social distanc-
ing measure of staying at home. The intensification of single-use products and panic buy-
ing have increased production and consumption, hence thwarting efforts towards reducing
plastic pollution. However, several countries have thus far instituted policies to ensure sus-
tainable management of waste while protecting the safety of waste handlers.

Keywords COVID-19 and waste management - COVID-19 pandemic - SARS-COV-2 -
Social distancing measures - COVID-19 and environment - Novel coronavirus

1 Introduction

Currently, there are over 20.1 million global confirmed cases and ~ 742 thousand deaths
across the globe. The top ten countries depicted in Fig. 1 with reported cases include
the USA (5,094,400 persons), Brazil (3,057,470 persons), India (2,268,675 persons),
Russia (890,799 persons), South Africa (563,598 persons), Mexico (485,836 persons),
Peru (483,133 persons), Colombia (397,623 persons), Chile (375,044 persons) and
Iran (328,844)—with total confirmed cases surpassing ~ 13.95 million [est. August 10,
2020 at 18:00 GMT] (Lauren 2020). Despite income group (low, middle and higher
income), the COVID-19 pandemic has exposed several lapses and limitation of the cur-
rent socio-economic, health and environment-related sectors across countries (Owusu
and Asumadu 2020). Though the COVID-19 pandemic is reported to have reduced air
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2020 Aug 10 2020 Aug 9 2020 Aug 8
1 HEus ] 5,094,400 5,044,864 4,997,929
2 EH Brazl | ] 3,057,470 3,035,422 3,012,412
3 == India | 2,268,675 2,215,074 2,153,010
4 wm Russia [ ] 890,799 885,718 880,563
5 BE South Africa ] 563,598 559,859 553,188
6 B Mexico ] 485,836 480,278 475,902
7 BN Peru ] 483,133 478,024 463,875
8 mm Colombia [ ] 397,623 387,481 376,870
9 Bem Chile [ | 375,044 373,056 371,023
10 = Iran | 328,844 326,712 324,692
11 &= Spain [ | 322,980 314,362 314,362
12 E® United Kingdom (Reg... [l 313,392 312,574 311,461
13 B Saudi Arabia 1 289,947 288,690 287,262
14 Pakistan 1 284,660 284,121 283,487
15 EM Bangladesh 1 260,507 257,600 255,113
16 == Argentina 1 253,868 246,499 241,811
17 BN taly 1 250,825 250,566 250,103
18 B Turkey 1 241,997 240,804 239,622
19 BN France (Region) 1 239,349 235,237 235,208
20 ™ Germany 1 218,508 217,288 216,903
21 == Irag 1 153,599 150,115 147,389

Fig. 1 Global distribution of confirmed COVID-19 (Top 21 countries). Data source: Lauren (2020)

pollution and environmental-related noise and improved biodiversity and tourist sites,
however, the impact of stay-at-home and preventive measures on waste management
is alarming (Box 1). Due to the stockpiling of gloves, gowns, masks and other protec-
tive clothing and equipment, there appears to be a waste emergency due to the unusual
production of waste from both households and health facilities (Ma et al. 2020). Fail-
ure to properly manage the waste generated from health facilities and households may
escalate the spread of COVID-19 via secondary transmission. The potential rampant
dumping, open burning and incineration could affect air quality and health outcomes
due to the exposure to toxins (WHO 2020). Thus, there exists a challenge of managing
unusual waste sustainably using available waste facilities while reducing air pollution,
preventing secondary viral transmission and mitigating potential health risk (UNEP
2020a). Besides, there could be serious consequences for developing countries with-
out standard waste management technologies and waste emergency policies to curb the
pandemic.

As such several guidelines have been proposed ranging from (Cristina 2020): (1)
proper management of municipal solid waste using personal protective equipment,
safety practices and administrative and engineering controls. (2) managing COVID-19
contaminated medical waste as regulated medical waste. (3) recycling of waste using
safety practices that prevent infection and cross-contamination. (4) proper manage-
ment of wastewater using ultraviolet irradiation for inactivation, and peracetic acid
and hypochlorite for oxidation. Thus, waste management is an essential public ser-
vice required to contain the spread of COVID-19 (UNEP 2020b). Here, we assess the
impact of COVID-19 pandemic on waste management across the globe. Due to data
limitation, we present both qualitative and quantitative data reported in government
web platforms, development cooperations, news and published articles.
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Box 1 Assessing the challenge of sustainable waste management due to COVID-19

The problem

In response to COVID-19, hospitals,
healthcare facilities and individuals

are producing more waste than usual,
including masks, gloves, gowns and
other protective equipment that could be
infected with the virus. There is also a
large increase in the amount of single use
plastics being produced.

The challenge

When not managed soundly, infected
medical waste could be subject to
uncontrolled dumping, leading to public
health risks, and to open buning or
uncontrolled incineration, leading to the
release of toxins in the environment and

These practices do not respect WHO
guidelines on treatment of infectious and
sharp waste from health care facilities,
nor the requirements of the Basel,
Rotterdam and Stockholm Conventions
protecting human health and the

to secondary ission of diseases
to humans. Other wastes can reach
water sources and add to riverine and
marine pollution

Wherever possible, countries should control COVID-19 waste through maximizing the
use of available waste management solutions and, at the same time, look to avoid any
potential long-term impacts on the environment. To do so, they need to:

a A

Manage increased waste
production by maximizing the

use of existing facilities;

EBE

Ensure the operations follow the
emissions requirements and so

avoid secondary health impacts;

from hazardous chemicals
and wastes!

38

In the absence of appropriate
technology, consider adopting the

35 methodology and installation

of temporary/stop gap solutions.

Source: Reproduced from UNEP (20202)

2 Stylized facts

Before the COVID-19 pandemic, the world was already facing challenges in the waste
management sector, where over two billion people lack access to waste collection whereas
over three billion people lack access to waste disposal (UN-Habitat 2020). Hence, the
emergence of the COVID-19 pandemic and its corresponding social distancing measures
amplify the already burdened sector (Box 2). The shutdown of hotels, restaurants, and
other food-related services dueto lockdown and social distancing measures have driven
outdoor rats indoors. Due to less garbage on streets, there are reports of a 50% increase in
indoor rat infestation in urban areas in Canada (SWR Staff 2020). The growing health con-
cern of rats’ infestation is their ability to carry disease-causing pathogens such as Escheri-
chia coli and salmonella, and transmit to humans (Nkogwe et al. 2011). Thus, household
waste requires proper management techniques to keep rats away from buildings and homes.

The onset of the COVID-19 pandemic led to the institution of distancing measures that
triggered panic buying of food, toilet papers, face masks, gloves, cleaning products and
70% alcohol-based hand sanitizers (Sarkodie and Owusu 2020a). During this period, shop-
ping of basic protective equipment, products and groceries grew by over 20% in one Super-
market alone (Reconomy 2020). This panic buying increased the disposal of perishable
products and leftovers, which ultimately generated tonnes of waste. In just 15 countries
in Africa alone, the total face masks per day are reported as 586,833,053 based on 80%
acceptance rate and an average of 2 face masks daily per capita (Nzediegwu and Chang
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Box 2 Interaction between waste adaptation and COVID-19 Pandemic

RECYCLING WASTE
PLANT MANAGEMENT

GLOVES &
FACE MASK

P GARBAGE
8Ly WASTE

RAT LOCKDOWN:
INFESTATION STAY HOME

2020). However, the question remains how these tonnes of waste can properly be disposed
of with the limited technological innovation and recycling equipment in Africa.

The lockdown period due to social distancing measures to contain the spread of COVID-
19 is reported to have increased the use of plastics, a situation that has policy implications
(Klemes et al. 2020). The lifecycle of plastics from cradle (extraction) to grave (disposal)
is dangerous and have an environmental cost. Refineries for plastic are reported to increase
the exposure to toxic chemicals leading to increased health outcomes such as mortality,
morbidity and disability-adjusted life-years. Thus, increasing use of plastics during the
lockdown and stay-at-home measures serve as a conduit for contamination between patho-
gens of animal and human origin—which increase the spread of diseases (Perry 2020).
There are reports of over million synthetic face masks and gloves disposed on sidewalks
already polluting cities (Emily 2020).

In Hong Kong, face masks are reported to have piled up at nature trails and beaches
due to improper disposal in waterways, which disrupts the marine environment. Life below
water is disrupted as marine habitat wrongly conceives the non-biodegradable plastics
(polypropylene) from face masks as food (Farah 2020). Thus, improper disposal of face
masks to the aquatic environment poses a great threat to both wildlife and marine life.

Besides, the COVID-19 pandemic has affected the recycling market due to the institu-
tion of social distancing measures like lockdown, hence affecting livelihoods. Due to low
oil price and demand, the competitiveness of recycled plastics has declined, hence affect-
ing the price of virgin plastics (Silpa 2020). A temporary ban on cross-border movements
affects developing countries that depend on foreign technology for waste recycling activi-
ties, and hence, most of the waste generated during the pandemic is disposed of rather than
recycled.
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3 Medical waste assessment

Sustainable management of medical waste is problematic and amplified, especially in
emergencies like the COVID-19 pandemic (Box 3). Due to the novelty of the global pan-
demic, modification to existing waste facilities to control the unusual medical waste and
its associated viral spread effect requires adequate information on the amount of medi-
cal waste generated, hot spots for waste generation and available treatment facilities. On
account of potential rapid expansion volumes of medical waste, several technical know-
how on sorting, segregation, transport, storage and sustainable waste management tech-
nologies are required to maximize existing infrastructures to accommodate the emergency
(Sharma et al. 2020). Improper management of medical waste has the potential to expose
patients, health workers and waste managers to injuries, infections, toxic consequences
and air pollution (Mihai 2020). The different forms of medical waste and its derivatives
include non-hazardous waste, pathological waste, radioactive waste, infectious waste,
chemical waste, cytotoxic waste, sharps waste and pharmaceutical waste (WHO 2018). The
global pandemic has led to an unusual amount of reported medical waste. For example,
the COVID-19 pandemic in China is reported to have increased medical waste from per-
sonal protective equipment like gloves, face masks and eye protection due to a surge in
personal protective equipment and immediate disposal after use (Ma et al. 2020). Due to
the overwhelming surge in daily waste (i.e. over 240 metric tonnes) and increasing levels
of hospital medical waste by sixfold, it is reported that the influx of COVID-19 patients

Box 3 Challenges affecting measures to control unusual medical waste

The problem

Environmentally sound management of medical waste is one of
the key challenges during normal times in many countries. During
emergencies such as the COVID-19 pandemic, these challenges
are magnified.

Any response by countries needs to be based on maximising the
use of existing facilities.

||§—.§,.l

Lack of data:

There is lack of sufficient data on medical
waste amounts likely to be generated and
on treatment infrastructure at national
level, both of which are required for

the government to develop strategies.
Governments must also formulate a
regulatory framework, support access to
technology and, eventually, build capacity
for environmentally sound management
of waste in the future. This process
should involve engagement among all
stakeholders.

Lack of geographical identification:

Itis critical to identify hot spots for
medical waste generation and segregation
points, and travel routes for transfer,
storage, treatment and final disposal.

Lack of knowledge or capacity:
COVID-19 can lead to a rapid increase in
the amount of medical waste generated.
There is often a lack of knowledge or
capacity to conduct assessments to
provide an accurate forecast of the
quantities of medical waste likely to be
produced.

Disaster/conflict affected states and
vulnerable humanitarian operations:

The situation is even more challenging

in contexts where waste management is
heavily dependent on the informal sector,
which often employs some of the most
vulnerable people (e.g., refugees, migrants,
slum dwellers and the urban poor), as well
as in informal settlements or in camps and
camp-like settings.

Source: Reproduced from UNE P (2020a)
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led to the construction of waste plants and deployment of 46 mobile waste treatment facili-
ties in China (Calma 2020). In Barcelona, medical waste such as overall, face masks and
gloves increased by 350%—generating about 1,200 tonnes of medical waste compared to
the usual waste of ~275 tonnes (ACR +2020).

4 Non-medical and household waste

The institution of lockdown, stay-at-home policy and other preventive measures to contain
the spread of COVID-19 saw an increase in production and consumption patterns of non-
medical and household-related products such as masks, gloves, thermometers, sanitizers
and cleaning products, toilet papers and foodstuffs (Box 4). Sudden lockdown and fear of
the virus lead to the intensification of single-use products and panic buying (Sarkodie and
Owusu 2020b). The unprecedented use of masks to reduce the exposure to COVID-19 is
reported to have increased its production, hence increasing the global sales by US$166
billion (UN 2020). Due to the current role of protective equipment like disposable masks
and gloves, the COVID-19 pandemic appears to have thwarted efforts to decline plastic
pollution. To contain the spread of COVID-19, the World Health Organization projects

Box 4 Non-medical waste assessment

The problem

COVID-19 will lead to a greater production and consumption of
household and personal health related products. These products
can include: personal protection equipment and products (gloves,
masks), electronic equipment (thermometers), sanitization

and cleaning products (cleaning clothes and wipes, detergents,
sanitizers etc.). Most of these products are single-use and contain
valuable resources like plastics, textiles, metals, electronics.

The consumption of these single-use products will be intensified
due to the consideration of hygiene and convenience of use, such
as single-use gloves, masks, disinfection wipes and tissues. This
may also extend to other aspects of a fast-adapting lifestyle, such
as switching back to using single-use shopping bags, packaging
from onvline delivery of foods and household goods, etc.

Guidance

As countries go on lock-down, people are encouraged to buy
products for storage and use over time. Most of these long lasting
items are packaged in plastics: if improperly disposed of, they will
increase the amount of plastic waste generated, and potentially
pollute land and marine environment

COVID-19 waste must be collected and treated adequately to avoid
littering or uncontrolled incineration causing impacts to human
health, ecosystem quality, biodiversity, including impacts on soil,
fivers, coastal lines and in the marine system.

For more information, check the factsheet on household waste.

Key opportunities to improve the circularity of household waste to respond to COVID-19:

Have segregation, separation, recycling
and disposal systems in place to improve
the collection and recycling efficiency of
household waste with medical products or
hygiene products with potential infectio

of the virus. Follow WHO quidance, UNEP.
C and the Secretariat of the S
ention guidance.

Implement measures to increase the
circularity of COVID-19 related products
and value chains, from product and system
innovation, to the 4R (Reduce, Reuse,
Recycle, Recover). The measures will
create enabling conditions to enhance the
sustainability and resilience of the local
and global supply chain, and to improve
the working and employment conditions
for formal and informal workers.

®

£

Innovate and re-design household products
to improve the durability, reusability,
repairability and recyclability while
ensuring safe use, with a specific focus on
current single-use products.

=]

Enhance sustainability information on
household products, on how to use them
soundly, extend their lifetime and handle
their disposal phase. Make sure reusable
products at home are used with proper
sanitization measures: reusable gloves,
masks etc.

and equipment, as a guiding reference
to individual and institutional purchase
decisions.

9 Develop clear certifications of products

f

@)

Source: Reproduced from UNEP (2020a)
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a monthly global expenditure of 1.6 million plastic-based protective goggles, 76 million
plastic-based examination masks and 89 million plastic-based medical masks (Andersen
2020). The daily production of plastic-based masks in February increased by 116 million
(a dozen times higher than January) in China (W4C 2020). There are several reports of
enormous plastic waste soaring from 1500 to 6300 tonnes daily in Thailand, owing to food
products delivered to homes, whereas the UK saw 300% rise in illegal waste disposal dur-
ing the lockdown period (Weforum 2020).

The COVID-19 pandemic underscores the need for households to utilize a separate
collection of waste (Box 5). In Milan (Italy), the institution of strict lockdown led to a
decline in the total waste production by 27.5%, which includes 24.4% decline in resid-
ual waste, 20% reduction in paper and cardboard waste, 16.7% decrease in glass waste,
16.3% decrease in plastic and metal waste, 14.4% decline in household food waste and
80.5% reduction in commercial food waste (AMSA 2020). The reduction can be attrib-
uted to reduced waste production compared to other cities. However, recycling of waste
increased by 1% compared to 2019 of the same period, whereas street bins declined by
38.2%. The month of confinement saw a 16.65% drop in municipal waste, thus from 282.3
thousand tonnes to 242 thousand tonnes in Catalonia (Spain). In Barcelona, waste gen-
eration fell by 25% due to mobile restrictions on tourist and commercial activities. Paper,

Box 5 Household waste assessment

The problem

As COVID-19 spreads to the developing world, with limited access to medical support, increased numbers of cases will have to self-
medicate at home. Proper management of household medical waste wil therefore become key to stop further spread of the COVID-19 virus

and avoid putting others, including waste workers, at risk.

Medical and healthcare waste at
household level includes contaminated
and non-contaminated personal
protective equipment, expired and
discarded medicines, injection needles
and other sharps, and any other
healthcare related waste.

Guidance

Household waste gets contaminated if
medical and other hazardous waste is

not segregated. Non-segregation will
increase the volume of hazardous waste
that requires special collection, storage,
and treatment processes. This waste can
pose significant risks to human health and
the environment if improperly handled. It
also reduces the opportunity for recovery
and recycling of otherwise non-hazardous
waste from households.

Chemicals are also used to reduce the
risks of COVID-19 contamination at the
household level. Increased use of these
chemicals poses a risk in their own right
and so should be managed responsibly.
For more information, check the Factsheet
on SAICM EPIs.

During the COVID-19 pandemic, additional waste needs to be segregated at the household level in dedicated containers (medical waste

If there is a suspected or confirmed
COVID-19 case in a household or people
are in quarantine, then waste must be
considered potentially contaminated and
handled with care. The waste container
should be sealed, temporarily stored, and
collected at the first opportunity to prevent
the risk of spread of the disease

To reduce direct contact with medical
waste, any bag liner should be sealed
before the bag is 70% filled. Waste
handlers should ensure they wash hands
thoroughly after sealing any bags. For
extra safety, the bag can be put in another
bin liner of a specific, recognizable colour

bins) that must be properly covered, i line with national and local waste management and/or W

(often yellow)

P Stored waste should be kept safe from
s | possible scavengers. Temporary storage
5 at the household level avoids further
ﬁ overloading of the medical and regular
waste management systems.

HO guidelir

Service providers should put in place
specialized teams of trained workers that
are provided with personal protective
equipment. The waste company should
use designated vehicles for handling
household medical waste and be familiar
with the safe use of disinfecting equipment.
They should also play a role in helping
toinform the public on how to handle
household medical waste and promote
segregation at the household level

Caution: Open dumping and open burning

- of medical household waste causes

serious pollution that poses threats to
human health and the environment and
should therefore be avoided. Waste
management is an urgent and essential
public service during the pandemic to
minimize possible secondary impacts

upon health and the environment. For more
information, check the Factsheets on waste
treatment technologies and on air quality.

Source: Reproduced from UNEP (2020a)
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glass, cardboard, organic and lightweight packaging declined by 20% whereas mixed waste
declined by 12% (ACR +2020).

5 Policy response and implication

Due to the overwhelming tonnes of waste generated during the lockdown, the Irish govern-
ment announced a million euros funding ring-fenced to tackle the level of illegal dumping
attributed to the COVID-19 crisis (DCCAE 2020).

Waste pickers whose livelihood depends on waste collection could no longer benefit and
perform business-as-usual, due to the stringent social distancing measures. For example,
waste pickers help in the collection of re-usable and recyclable dumped solid waste essen-
tial for the integration into economic production (Moreno-SANchez and Maldonado 2006).
Hence, waste pickers play an essential role in achieving a circular economy, especially in
developing countries. In Turkey, over 8,000 waste pickers were banned as part of COVID-
19 containment measures; however, food aid and municipal shelters were provided (Hikmet
2020). Waste pickers are occupational risk group with more susceptibility to health condi-
tions (Cruvinel et al. 2019); hence, the ban by the Turkish government prevented many
waste pickers that would have been exposed to secondary transmission of COVID-19.

The COVID-19 pandemic has triggered a zero-waste approach that requires members
of the EU to recycle waste between 70-80% while declining GHG emissions attributed
to toxic waste disposal and incineration techniques (Zero Waste 2020). The zero-waste
approach encompasses “the conservation of all resources by means of responsible produc-
tion, consumption, reuse and recovery of products, packaging and materials without burn-
ing, and with no discharges to land, water or air that threaten the environment or human”
(ZWIA 2018). The post-crisis offers lessons that waste management before the COVID-
19 pandemic cannot be continued as business as usual but requires structural adjustments,
hence accentuating the importance of transitioning from linear to a circular economy. This
in effect navigates towards achieving zero-waste and zero-carbon-based economic develop-
ment that has low waste management expenditure. Proper waste management within the
COVID-19 pandemic ensures continuity and functionality of waste services and workers,
the safety of waste service workers, adjustments of recycling services to incorporate safety
measures that contain the spread in the collection, disposal and treatment of medical waste
(ISWA 2020).

6 Conclusion

With the increasing spread and impact of the COVID-19 pandemic on economic devel-
opment and health outcomes, there is an urgent global call for waste management from
households, medical facilities and toxic waste to be treated as essential public service. This
will in effect mitigate the potential threats of COVID-19 pandemic on environmental sus-
tainability and health outcomes. In line with the United Nations Environment Program of
ensuring sustainable waste management, guidelines for containing the spread of COVID-
19 through waste management include treatment of residual waste (tissues, handkerchiefs
and similar organic and packaging waste) in incineration plants at a temperature near
1000-degree Celsius to ensure safe and complete destruction of the virus. COVID-19 has
exposed the world to several environmental threats due to plastic pollution—attributable to
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unsustainable use of single-use plastics. Owing to the global adoption of personal protec-
tive equipment such as face masks, future research should aim at developing biodegrad-
able and environmentally friendly protective gears including face masks, gloves, overalls,
among others, to accelerate the agenda towards achieving sustainable production and con-
sumption while reducing environmental costs.

Funding Open Access funding provided by Nord University.
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