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ABSTRACT

Healthcare waste comprises the waste generated by healthcare facilities, medical laboratories and biomedical re-
search facilities. Improper treatment of this waste poses serious risks of disease transmission to waste pickers,
waste workers, health workers, patients, and the community in general through exposure to infectious agents.
Poor management of the waste emits harmful and deleterious contaminants into society. However, contamina-
tion of highly contagious agents such as the COVID-19 virus has created enormous instability in healthcare waste
handling and subsequent recycling because of the volume of the waste generated and its contagious nature. Sev-
eral countries have adopted safety measures to combat this contamination and manage healthcare waste; how-
ever, these measures are insufficient and vary depending on the context of the country. In addition, the WHO has
set out guidelines for management of healthcare waste. These guidelines are helping to manage the highly con-
tagious healthcare waste resulting from the current pandemic. Proper healthcare waste management may add
value by reducing the spread of the COVID-19 virus and increasing the recyclability of materials instead of send-
ing them to landfill. Disinfecting and sorting out healthcare waste facilitates sustainable management and allows
their utilization for valuable purposes. This review discusses the different healthcare solid waste management
strategies practiced in different countries, the challenges faced during this management, and the possible solu-
tions for overcoming these challenges. It also provides useful insights into healthcare solid waste management

scenarios during the COVID-19 pandemic and a possible way forward.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

* Corresponding author.

E-mail addresses: atanu.kumar.das@slu.se, atanu03ku@yahoo.com (A.K. Das).

https://doi.org/10.1016/j.scitotenv.2021.146220
0048-9697/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2021.146220&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.scitotenv.2021.146220
mailto:atanu.kumar.das@slu.se
mailto:atanu03ku@yahoo.com
Journal logo
https://doi.org/10.1016/j.scitotenv.2021.146220
http://creativecommons.org/licenses/by/4.0/
Unlabelled image
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv

AK. Das, ML.N. Islam, M.M. Billah et al.

Science of the Total Environment 778 (2021) 146220

Contents

1. Introduction. . . . . . . . . . o e e e e e e e e e e e e e e 2
Methods used to conduct the mini-review . . . . . . . . . . . L L L e e e e e e e e e e e e e e e e 2

3. Composition of healthcare waste . . . . . . . . . . . . . e e e e e e e e e e e e 3
3.1.  Hazardous healthcare waste . . . . . . . . . . L L e e e e e e e e 3
311, Chemical Waste. . . . . . . L L L e e e e e e e e e e e 3

3.1.2.  Infectious waste . . . . . L L L e e e e e e e e e e e e e 3

3.1.3.  Pathological waste . . . . . . . L L e e e e e e e e e e e 3

314, Radioactive Waste. . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e 3

315, SharpswWaste . . . . . . . L e e e e e e e e e e e e e e e e 3

3.1.6.  Pharmaceutical Waste . . . . . . . L L L e e e e e e e e e e e e e e 3

3.2.  Non-hazardous healthcare waste . . . . . . . . . . . . e e e e e e e e 3

33, Otherwaste . . . . . . . . L e e e e e e e e 3

4,  Persistence rate of COVID-19 virus and its possible transmission through healthcare solidwaste. . . . . . . . . . . . . . .. ... ... .... 4
5. Waste management strategies during the COVID-19 pandemic. . . . . . . . . . . . . v i v v v v e it e e e e e e e e e e e 4
6. Challenges . . . . . . . e e e e e e e e e e 5
7.  Potential for healthcare solid waste management strategies . . . . . . . . . . . . . . . it e e e e e e e e e e e e e e e 5
8. ConcluSIONS . . . . . . L e e e e e e e e s 7
FUNAING . . . . . . e e e e e 7
Ethical approval . . . . . . . . e e e e e e e e e e e e 7
CRediT authorship contribution Statement. . . . . . . . . . . . . . . ot e e e e e e e e e e e e e e e e e e e e e e e e e 7
Declaration of competing interest. . . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e 7
Acknowledgments . . . . . . . .. L e e e e e e e e e e e e e e 7
RefErences . . . . . . . . o e e e e e e s 7

1. Introduction

After radiation waste, healthcare waste is considered the second
most hazardous waste globally. It includes various forms of waste,
both hazardous and non-hazardous, such as sharps, human body
parts, blood, chemical waste, pharmaceutical waste, and medical de-
vices (Rodriguez-Morales, 2013). All of this waste is produced mainly
by hospitals, primary care facilities, laboratories, mortuaries, autopsy
centers, laboratories, blood banks, nursing homes, and other medical lo-
cations (Pepin et al., 2014). It is generated during diagnosis, treatment,
immunization of humans or animals, research, or the production or test-
ing of biologicals. If not properly handled, it can have devastating effects
on human health (Johannessen et al., 2000). During any infectious dis-
ease outbreak, the waste generated from healthcare facilities increases
exponentially; as a result, special care must be taken by management
in order to avoid troubling impacts (Ramteke and Sahu, 2020).

The outbreak of coronavirus disease 2019 (COVID-19) has arisen
from the SARS-CoV-2 virus, which causes an acute respiratory disease
(Mol and Caldas, 2020; WHO, 2019; WHO, 2020b); it was first reported
in Wuhan, China (Wang et al., 2020) in December 2019. It has been ac-
knowledged as a Public Health Emergency of International Concern
(PHEIC) (Wilder-Smith and Osman, 2020), and the virus has spread to
almost all countries across the globe. The pandemic continues to be a
significant public health threat worldwide. The rapid increase in the
number of COVID-19 infected patients and the highly transmissible na-
ture of the disease have led to a high number of hospitalizations. Thus,
the generation of healthcare solid waste has rapidly increased. Addi-
tionally, the increase in the amount of personal protective equipment
(PPE) used during the COVID-19 pandemic, compared to normal cir-
cumstances, has further contributed towards the increase in healthcare
solid waste (Haji et al., 2020; Wei and Manyu, 2020; WHO, 2020b).
Thus, it has become necessary to increase the handling capacity for
healthcare waste (WHO, 2020b), since improper management of the
waste may cause further spread of the virus.

Worldwide, at least 5.2 million people, including 4 million children,
die each year from diseases originating from unmanaged medical waste
(Star, 2020). Considering the global transmission of COVID-19, exces-
sive biomedical waste has become a new major threat to public health
as well as to the environment during this pandemic. Exposure to

waste can easily infect waste management workers; thus, the necessary
protective gear must be worn by these workers as well as by other front
line workers, i.e. doctors and nurses (ISWA-Jordan, 2020). The solid
waste (i.e. sharps, PPE, and pathological waste) generated by COVID-
19 positive patients and the doctors and nurses who treat them should
be considered infectious waste. The situation necessitates installation of
appropriate collection mechanisms for infectious waste, with trained
workers using special containers (marked, lined, and sharp-safe
boxes), and subsequent in situ treatment prior to any movement
(WHO, 2020b). According to Ilyas et al. (2020) and ISWA-Lebanon
(2020), techniques such as using disinfectant and storing the waste
for nine days have been employed in order to disinfect waste (Ilyas
et al., 2020; ISWA-Lebanon, 2020); this could reduce the risk of further
infection from COVID-19. The solid waste generated from the waiting
areas of healthcare facilities should be considered non-hazardous
waste and kept in prescribed bags or containers, sealed before move-
ment, and disposed of properly by waste management workers. Alter-
native technologies, i.e. autoclaves and incinerators with high
temperature burners, have been used for managing healthcare solid
waste in a sustainable way (WHO, 2020b). During this pandemic, differ-
ent countries have adopted different measures for handling healthcare
solid waste, while the WHO has formulated special guidelines to
manage it.

However, there is no single document that contains all the manage-
ment strategies for healthcare waste adopted by different countries dur-
ing the COVID-19 outbreak. Therefore, this review investigates the
healthcare solid waste management strategies and practices in different
countries, along with the WHO guidelines. The review also makes an at-
tempt to explore the challenges in managing COVID-19-related
healthcare solid waste in these countries. In addition, the review ad-
dresses possible solutions for dealing with this waste in the fast-
evolving situation of the COVID-19 pandemic.

2. Methods used to conduct the mini-review

In order to accomplish the objective of this review, we searched the
literatures in the scholar sites including Scopus and Web of Science. The
search keywords are ‘healthcare waste’, ‘COVID-19’, ‘pandemic’, ‘novel
corona’, ‘SARS-CoV-2’, ‘types of healthcare waste’, and ‘healthcare
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waste management’. Obtained literatures were further screened with
respect to the languages and only articles in English language were se-
lected for this review. Finally, the selected articles were analyzed in re-
lation to the selected key words.

3. Composition of healthcare waste

Generally, the waste generated from healthcare facilities, research
centers, and laboratories relating to medical procedures is considered
healthcare waste. Approximately 75-90% of healthcare solid waste is
similar to waste produced in households, and is thus categorized as
‘non-hazardous’ or ‘general healthcare’ waste. In reality, this waste is
generated from the administrative, kitchen, and housekeeping func-
tions of medical and healthcare facilities. The remaining 10-25% of
waste is designated ‘hazardous waste’, which poses serious environ-
mental and health risks (Yves Chartier et al,, 2014). It has been observed
that the composition of healthcare solid waste during the COVID-19
pandemic is more or less similar to that produced in normal
circumstances, except for the generation of a huge quantity of plastics/
micro-plastics. However, the pandemic has seen the generation of a
vastly increased quantity of waste (Singh et al., 2020a). As observed
during normal circumstances, the composition of healthcare solid
waste is very important, as this dictates its ability to be recycled and sus-
tainably managed, which is vital during the current pandemic.

3.1. Hazardous healthcare waste

3.1.1. Chemical waste

Chemicals are omnipresent in healthcare facilities. As major con-
sumers of chemicals, the chemical waste these facilities generate can
have deleterious impacts on health and the environment. This type of
waste accounts for about 3% of waste originating from healthcare activ-
ities (Ilyas et al., 2020). Waste that contains chemical substances, i.e.
laboratory reagents, film developing reagents, expired/unused disinfec-
tants, solvents, and waste containing heavy metals (batteries, broken
thermometers, blood-pressure gauges, etc.) is considered chemical
healthcare waste (Yves Chartier et al., 2014). Due to serious health con-
cerns, a growing number of hospitals have substituted some of their
most hazardous substances with safer alternatives and adopted careful
management strategies. However, there are plenty of facilities in both
developing and developed countries that still use these toxic chemicals
and have poor chemical waste management strategies.

3.1.2. Infectious waste

Waste that contains infective pathogens, resulting in disease inci-
dence and progression, is defined as infectious healthcare waste; it com-
prises materials contaminated with blood and body fluids, human
excreta, laboratory cultures, and microbiological products (Askarian
et al,, 2010; Yves Chartier et al., 2014). PPE, i.e. boots, long-sleeved
gowns, heavy-duty gloves, masks, goggles, and face shields are also con-
sidered infectious waste, and waste generated from these materials has
increased by a substantial amount during the COVID-19 pandemic
(WHO, 2020b). Therefore, there is a tremendous challenge in managing
this type of waste during the pandemic (Rowan and Laffey, 2021).

3.1.3. Pathological waste

Pathological waste is typically a smaller portion, part, or slice of any
tissue, organ, or body part, taken from surgical or microbiological spec-
imens from animal or human bodies (Yves Chartier et al., 2014). This
type of waste originates from tissues or samples of tissues that are
inspected and/or examined in a laboratory to diagnose or study abnor-
mality or diseased tissues. In essence, this type of waste is similar to in-
fectious waste, and careful handling is required to manage it during the
current pandemic. It can spread infection in a similar fashion to infec-
tious waste because of the presence of infective viral particles in the tis-
sue samples (WHO, 2020Db).
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3.1.4. Radioactive waste

Radioactive waste is a by-product of various nuclear technologies
used in healthcare facilities, including nuclear medicine, radiotherapy,
and reagents for research. This waste contains radioactive substances,
i.e. unused liquids from radiotherapy or laboratory research. Radioac-
tive contaminated glassware, packages/absorbent paper, urine, and ex-
creta from patients treated or tested with unsealed radionuclides also
constitute radioactive waste (Yves Chartier et al., 2014). Exposure to ra-
dioactive elements can cause serious health problems and also poses a
risk to the environment if not managed properly. The outbreak of the
COVID-19 pandemic has compromised the containment of radioactive
waste, and special measures need to be put in place to manage this
toxic waste so that its exposure to humans and the environment can
be minimized.

3.1.5. Sharps waste

Sharps waste is another type of healthcare solid waste; it is com-
posed of used ‘sharps’ including used or unused hypodermic, intrave-
nous, or other needles, auto-disable syringes, syringes with attached
needles, infusion sets, scalpels, pipettes, knives, blades, and broken
glasses (Askarian et al., 2010; Kalogiannidou et al., 2018; Mato and
Kassenga, 1997; Yves Chartier et al., 2014). Generated sharps healthcare
waste should be treated with extra care and properly managed during
the COVID-19 pandemic (WHO, 2020b), as it has been found that
SARS-CoV-2 can survive on different surfaces for a certain period.
Waste workers could be easily infected by sharps contaminated with
the virus, and this could increase community transmission.

3.1.6. Pharmaceutical waste

Pharmaceutical waste can be generated from many activities and lo-
cations in healthcare facilities, i.e. pharmacies, distribution centers, and
hospitals. Expired and contaminated pharmaceutical products are con-
sidered pharmaceutical waste (Yves Chartier et al., 2014). Used biolog-
ical products for therapy and transdermal patches, and contaminated
pharmaceuticals including vaccines, are also listed as pharmaceutical
waste (Malsparo, 2020). The amount of pharmaceutical waste has in-
creased substantially during the COVID-19 pandemic due to the in-
creased number of hospital admissions. Waste workers who collect
this type of waste from pharmacies, distribution centers, and hospitals
can easily be infected with SARS-CoV-2 if they come into contact with
COVID-19 patients and virally contaminated pharmaceutical waste dur-
ing its collection from designated treatment units.

3.2. Non-hazardous healthcare waste

Used plastic water bottles, office paper, magazines, newspapers,
food waste, and food packaging are considered non-hazardous
healthcare solid waste (Askarian et al., 2010; Kalogiannidou et al.,
2018) if not contained alongside hazardous waste. Non-hazardous
waste is comparable to domestic waste and can be recycled for sustain-
able waste management. It is probable that both asymptomatic and
symptomatic COVID-19 patents generate a huge amount of non-
hazardous SARS-CoV-2 contaminated healthcare waste during their
daily actions in healthcare facilities, which poses a serious risk of com-
munity transmission.

3.3. Other waste

The test kits and waste generated from different diagnostic methods
for COVID-19 are another additional type of healthcare waste that has
been generated in substantial amounts during the COVID-19 outbreak,
as global transmission and prevalence have necessitated the detection
of infections to aid with appropriate social distancing and quarantine
measures. The use of rapid test kits for identifying an infected person
produces additional waste in the waste stream, as each kit is used
only once. There is always a chance that this waste could be
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contaminated with SARS-CoV-2 and contribute to further spread if not
managed properly.

4. Persistence rate of COVID-19 virus and its possible transmission
through healthcare solid waste

The transmission of COVID-19 virus occurs through sneezing,
coughing, contact with touched objects, and physical contact (ISWA-
Netherlands, 2020). Information about the survival period of the
COVID-19 virus on different substrates is very important for formulating
appropriate management practices and measures for dealing with
healthcare solid waste. The survival period of SARS-CoV-2 varies from
a few hours to a few days, based on the substrate type and the environ-
mental conditions. The survival periods of the COVID-19 virus following
aerosolization on copper, cardboard, plastic, and stainless steel are 3 h,
4 h, 24 h, and 2-3 days respectively (van Doremalen et al., 2020).
Other researchers have reported that the virus can also survive on inan-
imate surfaces, i.e. metal, glass, or plastic, for a period of 9 days (Kampf
etal., 2020). It can persist in dechlorinated tap water and hospital waste
water at 20 °C for 2 days (Wang et al., 2005). The longer survival period
of this novel COVID-19 virus poses an increased risk of community
transmission. Improper management of solid waste generated from
healthcare facilities can increase the spread of the COVID-19 virus
(Nzediegwu and Chang, 2020; Ramteke and Sahu, 2020; Sharma et al.,
2020; Yang et al.,, 2020). Waste pickers are directly exposed to contam-
inated waste and are susceptible to infection as a result. Thus, they can
unintentionally transmit the virus within their community. The trans-
mission pathway of this novel virus is presented in Fig. 1.

5. Waste management strategies during the COVID-19 pandemic

A healthcare waste management strategy refers to a facility's pro-
gram for managing generated waste for disposal. It usually addresses:
(1) compliance with regulations; (2) responsibilities of staff members;
(3) definitions/classification of healthcare waste; (4) specific

Transmission and
contamination

Waste collector
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procedures for handling healthcare waste; and (5) training of related
workers. Different countries have adopted different strategies in re-
sponse to the management of the huge and infectious amount of
waste produced during the COVID-19 pandemic.

In response to the pandemic, healthcare waste management strate-
gies should include several additional measures in order to ensure ap-
propriate containment for avoiding infection. Different countries have
adopted the best possible management approaches based on their ca-
pacity, resources, and commitment (Singh et al., 2020b; Zand and
Heir, 2020c¢). Different organizations have offered guidelines for manag-
ing healthcare waste in a way that follows safety measurements and is
sustainable (WHO, 2020a). According to the guidelines provided by var-
ious member states of the European Union (EU), healthcare solid waste
generated during the COVID-19 pandemic is considered infectious
waste, and the capacity to manage this waste should be increased.
There should be suitable facilities for temporary storage of the waste if
there are any issues relating to incineration or disposal capacity. The
waste should be stored in sealed containers located in protected areas
that only authorized personnel are allowed to enter. Disinfectant should
be used on outer and inner surfaces in order to avoid possible transmis-
sion of the virus. All workers working in the area should follow proper
safety measures (Cremonesi et al., 2020; Waste-Mangement, 2020).

During the COVID-19 epidemic in Hubei, China, infected healthcare
solid waste has been segregated and packed by waste handling em-
ployees in hospitals. They disinfect the waste using 0.5% chlorine solu-
tion and pack it in double bags prior to placing it in temporary
healthcare storage within the hospitals. The method of disposal of
healthcare waste depends on the particular hospital and its waste man-
agement facilities. Sterilization by autoclave or irradiation has been
used before disposing of the segment of waste in a licensed landfill. In
some hospitals, incineration on-site or in a special remote area has
been used to dispose of the healthcare waste. Mobile incineration or au-
toclave systems have been provided to support the extra healthcare
waste generated during the outbreak. Cement kilns and other industrial
furnaces have been considered as alternative facilities for disposing of

Transmission and
contamination

Transmission and
contamination

Fig. 1. Transmission of COVID-19 virus through healthcare waste.
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healthcare waste. Additional healthcare waste has been temporarily
stored in selected areas that has been secured and isolated. Only desig-
nated vehicles have been used for transporting healthcare solid waste,
and data have been recorded properly. Load areas have been locked,
disinfected, and separated from drivers in order to avoid risk of infection
(ADB, 2020).

As per the guidelines of the CDC (Centers for Disease Control and
Prevention), in the United States of America (USA), healthcare waste
generated by COVID-19 patients is considered the same as waste gener-
ated by other patients. Thus, the waste has been treated as regular
healthcare waste and does not require any additional special treatment
(Commendatore, 2020).

The Philippines has made a special amendment for handling
healthcare waste during the COVID-19 pandemic. There are special reg-
istered transporters and treatment, storage, and disposal (TSD) facilities
for handling healthcare waste and disposing of it on the island of Luzon.
There is a special permit in place to collect pathological and infectious
healthcare waste for smooth handling. Each registered transporter is re-
quired to pass through a special checkpoint, and to provide the follow-
ing online documents: an official request letter; a transporter and TSD
registration certificate; a transport management plan; a transportation
route; a schedule; and an agreement between the healthcare waste gen-
erator, the transporter, and the treatment workers. Each vehicle used for
transporting the waste has the following special markings: name and ID
of transport; placard; waste class; and waste number. These are read-
able from 15 m' distance from the vehicle. The registered transporter
is required to submit a compliance and completion report of transporta-
tion, attested by a representative from the healthcare and TSD depart-
ment (EMB, 2020).

In Jordan, healthcare waste management during the current pan-
demic has been carried out following three main principles: reduction
of unnecessary healthcare waste; isolation of regular waste from haz-
ardous waste; and proper treatment in order to reduce risks to health
workers and society. Personnel dealing with COVID-19 contaminated
healthcare waste are required to use PPE, i.e. ultra-filtered masks
(Nano) and fluid protective long-sleeved clothes, along with a cap,
shoes, elastic leather gloves, protective glasses, and a full-face protector.
The respective authorities closely supervise the work in order to ensure
that local rules and regulations, i.e. new guidelines for cleaning and dis-
infection around COVID-19, are followed strictly. Waste originating
from COVID-19 patients is rapidly disposed of on a daily basis. Tempo-
rary and permanent storage areas, containers, and healthcare waste
bags are sanitized to prevent the spread of the virus (ISWA-Jordan,
2020).

In all adopted strategies, healthcare waste is required to be managed
on a frequent basis during the pandemic. The waste needs to be col-
lected, separated, and stored with special identification labels; it should
then be treated, transported, and disposed of properly. Personal protec-
tion, disinfection, and training should be considered necessary for
proper management of healthcare waste (UN, 2020). Waste from con-
firmed COVID-19 patients, i.e. infectious waste, sharps, and pathological
waste should be collected with safety measures and kept in special bags
with proper markings. Healthcare waste collectors should use PPE, i.e.
boots, long-sleeved gowns, heavy-duty gloves, masks, goggles, and
face shields, and they should wash their hands with sanitizer or disin-
fectant after disposing of the waste (WHO, 2020b).

Considering the above-mentioned examples, it is clear that strate-
gies are not similar in all countries. As the COVID-19 pandemic has
heightened and hospitals have become overburdened with COVID-19
patents, infected people have needed medical attention in households.
There are no management strategies for healthcare waste generated
from households. A unique management strategy is important in this
situation, although the economic condition of a country influences its
management of healthcare solid waste. Nevertheless, development of
suitable management is crucial in the current situation. Recyclability
and reduction of landfill should also be considered to aid sustainable
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management of healthcare solid waste during and after the COVID-19
pandemic.

6. Challenges

Healthcare solid waste is hazardous to health and the environment
(Ansari et al.,, 2019; Rahman et al., 2020). Doctors and nurses have a
higher risk of infection (Ferreira and Teixeira, 2010; ISWA-Jordan,
2020). Water is contaminated near landfills containing healthcare
waste (Ramteke and Sahu, 2020; Ubuoh et al., 2019).

The COVID-19 pandemic has put tremendous pressure on existing
waste management systems, which is exemplified by the increase of
waste accumulation in Hubei province, China (Wei and Manyu, 2020).
A COVID-19 patient can generate around 3.4 kg of healthcare waste
per day (ADB, 2020). Thus, healthcare waste has gradually increased
in quantity during the pandemic (Mingyu, 2020). In Hubei, healthcare
waste has increased by 600% from 40 to 240 tons, which has
overwhelmed the existing transport and disposal infrastructure. Other
countries are facing similar challenges in terms of dealing with the
huge amount of waste (ADB, 2020); this trend has been observed in
France, Italy, and the Netherlands. Healthcare solid waste in France
and the Netherlands has increased from 40% to 50% and 45% to 50%, re-
spectively (Wei and Manyu, 2020). The trend has also been observed in
India (Ramteke and Sahu, 2020) and Iran (Zand and Heir, 2020a, 2020Db,
2020c). Used PPE and general waste, i.e. food and dining boxes and in-
fusion bottles and bags used by nurses, have seen a tremendous increase
in quantity during the COVID-19 pandemic (Wei and Manyu, 2020). In
Europe, governments are facing challenges in retaining waste manage-
ment staff, maintaining a safe environment for workers, handling
household waste produced by patients at home, and creating space for
extra waste produced by the pandemic (Waste-Mangement, 2020).
Landfill containing healthcare solid waste generated during the pan-
demic can contaminate water. The cost of the healthcare sector has
also increased during the pandemic.

7. Potential for healthcare solid waste management strategies

A good healthcare waste management system in a healthcare facility
requires an assessment of the waste stream and existing environmental
practices, evaluation of waste management options, development of
waste management plans, and promulgation of institutional policies
and guidelines that clearly define the roles and responsibilities of per-
sonnel. Establishment of waste management organization, allocation
of staff, financial resources, implementation of plans, periodic training,
monitoring, evaluation, and continuous improvement are also impor-
tant for sustainably managing healthcare waste. The effective manage-
ment of waste is solely dependent on good healthcare waste
management organization and strategies. A waste management team
or committee should be formed in order to develop and implement a
waste management plan. In low-income areas, there should be an infec-
tion control committee, with one person responsible for healthcare
waste management in healthcare facilities. It is important to review
the strategy periodically, and all staff members involved in healthcare
waste should be well aware of the processes and periodic changes
(Bharsakade et al., 2021; Thakur, 2021). Overall, the optimization of
healthcare resources may reduce waste generation (Rodriguez-Pardo
et al,, 2020). An effective management strategy for healthcare solid
waste during the COVID-19 pandemic is proposed in Fig. 2.

Though healthcare solid waste classifications differ between coun-
tries, most countries prefer the criteria set out by the WHO. Segregation
plays an important role in efficient healthcare waste management
(Omar et al.,, 2012). It covers the separation of different types of waste
according to a classification at the point of origin. Therefore, if segrega-
tion of recyclable waste from other non-hazardous waste is carried out
efficiently, it will minimize the waste significantly (Mosquera et al.,
2014; Windfeld and Brooks, 2015). Segregation involves separation of
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Waste Classification - Waste Segregation - Waste Minimization
\ 4
Labeling and signage « Color Coding « Containerization
4
Handling » Transport » Storage
4
Final disposable of waste « Treatment

Fig. 2. Overview of healthcare solid waste management during COVID-19 pandemic.

waste into appropriate containers. To segregate infectious waste, clearly
marked containers are used that distinguish the type and weight of the
waste. Infectious waste is generally kept in plastic bags, plastic-lined
cardboard boxes, or other leak-proof containers meeting specific perfor-
mance standards following elimination of sharps and fluids. Color-
coding is employed to identify different types of waste easily. In most
countries, red or yellow bags are commonly used to contain infectious
waste. General healthcare waste is placed in black or transparent bags.
Infectious waste containers are labelled with the international biohaz-
ard symbol in a contrasting color. The primary containers, used for
sharps disposal, are usually rigid, leak-proof, break-resistant, and
puncture-resistant. To prevent leaks from primary containers during
transport, secondary leak-proof containers are preferred. To improve
segregation efficiency and minimize the incorrect use of containers, ap-
propriate measures should be taken to determine the proper placement
and labelling of these containers. It is usual practice to place general
trash containers beside infectious waste containers in areas where
both types of waste are generated; this leads to effective and better seg-
regation. It is also good practice to use an appropriate number of waste
containers. Posters with illustration schemes for proper segregation are
sometimes affixed to walls in areas where multiple containers are lo-
cated; these can serve as reminders to health workers about the pur-
poses of using specific containers for specific waste.

On the other hand, handling the increasing volume of healthcare
solid waste and the increased spread of infection is the single biggest
issue arising from the novel COVID-19 virus. Temporary healthcare
waste treatment centers and temporary transportation facilities can
help to manage the waste effectively and to avoid transmission during
the COVID-19 pandemic (Fig. 3). Waste collected from hospitals and
other healthcare centers can be transferred to temporary or existing
treatment centers, either directly or through temporary transit centers.
Following this, the treated waste can be transferred to waste disposal
centers. Waste generation is unpredictable, as the number of infections
isnot stable (Yu et al., 2020). Therefore, temporary waste treatment and
transit may help to manage healthcare solid waste effectively (Yu et al.,
2020). The establishment of extra healthcare waste treatment capacity,
along with alternative technologies, may help to handle the waste prop-
erly. These alternative technologies, i.e. autoclaves and burn incinera-
tors with high temperatures, may help to handle waste during the
pandemic (Ilyas et al., 2020; WHO, 2020b). SF-CO, sterilization technol-
ogy can help to reduce the risk of exposure to infectious healthcare
waste (Hossain et al., 2011). Sterilwave, an ultra-compact technique,
can also help to treat healthcare waste, as it kills the COVID-19 virus
on-site effectively and thus avoids community transmission during
the handling of healthcare waste. This technique can reduce the weight
of the waste, and treated waste can even be managed as regular

System boundary for temporary medical waste

Hospitals

——— Direct transportation

Transshipment

management under epidemic breakout

Existing waste
treatment centers

Temporary waste
treatment centers

Waste disposal

centers

Fig. 3. The healthcare solid waste management system during COVID-19 (Yu et al., 2020).
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municipal waste (Bertin-medical-Waste, 2020). In addition, a mobile
treatment system may help to handle the extra burden of managing
healthcare waste during the pandemic.

The necessary PPE for handling healthcare waste comprises boots, a
long-sleeved gown, heavy-duty gloves, a mask, and goggles or a face
shield. It is essential that appropriate hand hygiene is maintained after
removing waste. The PPE should be removed safely after the safe dis-
posal of waste, and sanitizer should be used to disinfect the hands
after disposing of the waste. Soiled PPE must be put in a sealed bag for
safe cleaning either off-site or on-site. The cleaning agent is 10% lime
slurry (WHO, 2020c). A summary of information about the techniques
used for managing healthcare waste during the COVID-19 pandemic is
presented in Table 1.

Proper healthcare waste management may help to increase the pro-
portion of recyclable waste (Moreira and Gunther, 2013). Recyclable
material can be increased by autoclaving, which may help to reduce
the volume of landfill waste during the COVID-19 pandemic (Zand
and Heir, 2020a). An autoclave utilizes the basic principle of steam ster-
ilization in which infectious items, such as virus and bacteria are ex-
posed to direct steam at the required temperature and pressure for
the defined time. Thus, autoclaving of healthcare solid waste can im-
prove the efficiency of the recycling process as the process can effec-
tively disinfect the contaminated waste. This recycling strategy can
reduce the cost of essential safety materials for healthcare during the
pandemic. On the other hand, use of disinfectant, such as sodium hypo-
chlorite and alcohol, can inactivate the COVID-19 virus, which can sur-
vive for up to 9 days. Therefore, the use of disinfectants and 9-day
storage of healthcare waste in an appropriate containment facility can
reduce the spread of the virus among healthcare waste handling
workers. Alternatively, the healthcare waste can also be used for energy
generation. In this regard, pyrolysis and combustion can be used to pro-
duce value added products from healthcare waste during the pandemic.
Some of the notable examples include incinerator ash from healthcare
waste, which has been used in Portland cement (Rowan and Laffey,
2021; Sobiecka et al., 2014). In addition, organic waste can be used to
make compost (Abylkhani et al., 2020) and other valuable products,
e.g., bioenergy (Velvizhi et al., 2020). Considering all these options, uti-
lizing healthcare waste for valuable purposes and a process of

Table 1
An overview of measured strategies for healthcare waste treatment (Ilyas et al., 2020;
Klemes et al., 2020; Manupati et al., 2021; Nibudey and Vidya, 2020; WHO, 2020c).

Taken Implications Impacts
measurements
Safety PPE and hand sanitizer for Protects workers from being

Disinfectant

workers
Disinfecting waste prior to
sorting

infected

Prevents workers from
contracting the virus and
spreading it to others

Storage Temporary storage for 9 days Helps to handle excess waste
and prevent it from spreading
the virus, which can persist for
up to 9 days

Treating On-site treatment Suitable for handling extra

location waste

Treating Sterilwave (an ultra-compact Kills the virus

technique mobile treatment system),
autoclave, burn incinerator,
SF-CO, sterilization, microwave
or radio-wave treatment

Handling Sorting waste and putting itin  Easier to handle and dispose of

different bags based on type of
waste

Social 1.5 m among workers and Prevents infection and spread

distancing public during waste handling

Training Using PPE and sanitization Use of these will help protect

Advertisement
of guidelines

Social media and display in
workplaces

from infection
People will become more
aware of health measures
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monetization during the pandemic can add definitive value to the circu-
lar economy.

8. Conclusions

The volume of healthcare waste is increasing tremendously due to the
high infection rate of the novel COVID-19 virus. Virus-contaminated
healthcare waste may infect workers in the waste management sector
due to their direct exposure to waste and poor safety measures. Thus,
the spread of the virus may increase gradually. The WHO has provided
clear guidelines for managing healthcare waste during the pandemic. Dif-
ferent nations have taken different measures to manage healthcare waste
properly. Effective safety measures and working strategies may allow for
proper healthcare waste management without spreading the virus to
others. Disinfecting waste, followed by proper segregation and on-site
treatment of the waste, can also provide better and healthier healthcare
waste management. To accommodate surplus healthcare waste, mobile
treatment and temporary storage strategies may aid sustainable manage-
ment of healthcare waste without further spreading the virus. Proper
healthcare waste management can also help to recycle waste or convert
it into valuable products, e.g. energy. Therefore, proper healthcare waste
management can add value to national economies for sustainable devel-
opment. In addition, it will help to reduce the spread of the COVID-19
virus.
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