S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Resources, Conservation & Recycling 170 (2021) 105600

ELSEVIER

Contents lists available at ScienceDirect
Resources, Conservation & Recycling

journal homepage: www.elsevier.com/locate/resconrec

Resources
Conservation &
Recycling

Check for

What medical waste management system may cope With COVID-19 e

pandemic: Lessons from Wuhan

Chang Chen ™", Jiaao Chen ¢, Ran Fang‘, Fan Ye*, Zhenglun Yang*", Zhen Wang ",

Feng Shi“, Wenfeng Tan*"

& State Environmental Protection Key Laboratory of Soil Health and Green Remediation, 430070 Hubei, Wuhan, China
b College of Resource and Environment, Huazhong Agricultural University, 430070 Hubei, Wuhan, China

€ School of Resource and Environment Science, Wuhan University, 430072 Hubei, Wuhan, China

d Lishui Institute of Ecology and Environment, Nanjing University, Nanjing 211200, China

ARTICLE INFO ABSTRACT

Keywords:

COVID-19

Medical waste

Public health
Emergency management
Health risk

The global pandemic caused by the 2019 coronavirus (COVID-19) has led to a dramatic increase in medical waste
worldwide. This tremendous increase in medical waste is an important transmission medium for the virus and
thus poses new and serious challenges to urban medical waste management. This study investigates the response
of medical waste management to the COVID-19 pandemic and subsequent changes in Wuhan City based on the
most detailed data available, including waste generation, storage, transportation, and disposal. The results show
that despite a 5-fold increase in the demand for daily medical waste disposal in the peak period, the quick re-
sponses in the storage, transportation, and disposal sectors during the pandemic ensured that all medical waste
was disposed of within 24 hours of generation. Furthermore, this paper discusses medical waste management
during future emergencies in Wuhan. The ability of the medical waste management system in Wuhan to suc-
cessfully cope with the rapid increase in medical waste caused by major public health emergencies has important
implications for other cities suffering from the pandemic and demonstrates the need to establish resilient medical

emergency systems in urban areas.

1. Introduction

The incidence of Coronavirus 2019 (COVID-19) increased to the level
of a global pandemic in early 2020, with more than 103 million
confirmed cases worldwide by February 1%, 2021 (World Health Orga-
nization, 2021). The COVID-19 pandemic has changed the social ac-
tivities, production, consumption, and travel patterns of most people
and thus had a significant influence on pollution discharge and envi-
ronmental quality (Klemes et al., 2020). The medical waste management
experience of Wuhan, in the context of the COVID-19 pandemic, can be
featured as a valuable example of an emergency response that can
inform cities worldwide regarding environmental policy-making
occurring simultaneously with pandemic control and other urgent
environmental stressors. Hence, it is particularly significant to study the
impact of the COVID-19 pandemic on medical waste and
countermeasures.

Researchers have found that the COVID-19 pandemic has had a
significant and immediate impact on the environment. The majority of

studies mainly explored atmospheric environmental changes during the
pandemic. The pandemic has led to production shutdowns and signifi-
cant decreases in travel, thus significantly influencing pollution emis-
sions and air quality (Le et al., 2020; Han et al., 2020; Wang et al., 2020;
He et al., 2021; Shen et al., 2021; Wang et al., 2021). For example, Liu
et al. estimated that global CO5 emissions (1,551 metric tons) sharply
decreased by 9% in the first half of 2020 compared with those in the
same period of 2019 (Liu et al., 2020). Lv et al. found that the increase in
secondary aerosols in China offset the benefit of the reduction in NOx
and VOC emissions on air quality (Lv et al.,, 2020). Other studies
explored the health benefits of the improvement in air quality during the
COVID-19 pandemic (Alsayedahmed, 2020; Anderson et al., 2020;
Markandeya et al., 2020; Giani et al., 2020).

As the COVID-19 pandemic continues, solid waste is attracting the
attention of researchers. The pandemic has profoundly changed travel
and hygiene behaviors (Tripathi et al., 2020), and more people are
choosing to use single-use plastic cutlery (Vanapalli et al., 2021). The
inability of existing waste management systems to effectively deal with
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plastics has made them a serious threat to natural ecosystems and
human health, prompting much discussion about medical waste disposal
systems (Patricio Silva et al., 2020). For example, Ikiz et al. revealed that
the pandemic has led to an increase in personal protective equipment
garbage and a decrease in waste diversion and recycling activities. Silva
et al. believe that the incineration and landfilling of plastic waste were
prioritized over recycling during the pandemic, which will result in the
emission of toxic and harmful gases in the medium to long term (Pat-
ricio Silva et al., 2021). Increasing solid waste may pose a public health
problem. Specifically, medical waste may become a new source of
infection, as the global demand for personal protective equipment led to
a drastic increase in global medical waste. It is estimated that 129 billion
masks and 65 billion gloves are used globally each month (Prata et al.,
2020). According to the Ministry of Industry and Information Technol-
ogy, China produced 116 million disposable masks every day in
February, which represents a 12-fold increase compared to production
levels before the COVID-19 pandemic (Ministry of Industry and Infor-
mation Technology of the People s Republic of China, 2020). There is no
doubt that most of the personal protection equipment will eventually
become medical waste. Some studies have shown that the COVID-19
virus can survive on various surfaces for as long as nine days (Kampf
et al., 2020; van Doremalen et al., 2020). In some developing countries,
such as India and South Africa, waste is left in commonly used open
dumps, making it a potential source of infection for individuals who pick
through the waste without proper medical protection (People’s Archive
of Rural India, 2020; Thomson Reuters Foundation News, 2020; Tripa-
thi et al., 2020). Therefore, contaminated medical waste can be a highly
risky virus reservoir that threatens public health if it is not properly
disposed of and sustainably managed (Adyel, 2020; Borrelle et al.,
2020). To the best of our knowledge, existing studies have focused only
on the challenges of medical waste disposal during the COVID-19
pandemic and solutions. For example, Jackson et al. investigated
waste management compliance in health care facilities at the hospital
level and found that the level of waste management compliance among
health workers was 43% (Powell-Jackson et al., 2020). Singh et al.
suggested that medical waste would increase dramatically due to the
COVID-19 pandemic. Safe and sustainable waste management is critical
for controlling transmission of the virus (Singh et al., 2020a; Singh et al.,
2020b). Yang et al. discussed the medical waste disposal measures
employed in Wuhan and analyzed the benefits and drawbacks of
different measures, suggesting that stationary facilities and municipal
incinerators were preferred for medical waste disposal (Yang et al.,
2021). Sharma et al. argued that the crisis caused by the COVID-19
pandemic has altered the dynamics of global waste production, and
unexpected fluctuations in waste composition and quantities require a
dynamic response from policymakers to address gaps in the system
(Mohammad et al., 2021; Neumeyer et al., 2020; Sharma et al., 2020).
Previous research has primarily targeted the technologies and strategies
employed for medical waste disposal during pandemics, but there has
been little research on medical waste disposal during major public
health emergencies and the impact of pandemics on medical waste
management systems due to the lack of data. Nevertheless, unexpected
increases in medical waste during emergencies will make it challenging
to contain the spread of the virus and increase the challenges faced by
waste management systems. Therefore, the safe and efficient disposal of
medical waste during public health emergencies and continuous atten-
tion to the improvement of medical waste management are extremely
important for safeguarding people’s health and life (Asari et al., 2013;
Brown et al., 2011).

In China, medical waste disposal is a regional environmental issue
that should be addressed by local authorities (usually city administra-
tions). The COVID-19 pandemic has created serious challenges for local
authorities in terms of waste management (Prem et al., 2020; Zhang
et al., 2020). Fortunately, Wuhan seems to have successfully addressed
this problem (Lau et al., 2020). During the COVID-19 pandemic, medical
waste treatment capacity has increased over time to ensure that medical
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waste was disposed of within 24 hours of generation. Hence, analyzing
the response of medical waste disposal to COVID-19 in Wuhan has
important management implications for reducing the risk of
cross-infection during future health emergencies and for other cities
worldwide that are suffering from COVID-19. Therefore, we collected
detailed data on the generation, transportation, and disposal of medical
waste at the hospital level in Wuhan during the COVID-19 pandemic.
Then, the performance of each waste management process was
analyzed. To the best of our knowledge, this is the most detailed and
most recent study of medical waste management during the pandemic to
date.

2. Data and methods
2.1. Study area

The study area is Wuhan, which is the capital of Hubei Province and
an industrial, scientific and educational base and transportation center
in central China. By 2019, the resident population was 11.21 million,
with a land area of 8,569 km? (The government of Wuhan, 2019a).
Wuhan has 6,497 medical institutions with 99,400 beds, with 7.56
hospital beds, 117,100 health workers, and 3.83 doctors per 1,000
people (The government of Wuhan, 2019b). Before the COVID-19
pandemic, Wuhan had only one large stationary medical waste
disposal facility, with a designed capacity of 50 tonnes/day for medical
waste incineration. The definition of medical waste has been expanded
during the COVID-19 pandemic based on careful consideration that all
waste might carry the live virus (Nzediegwu and Chang, 2020). All
waste that had contact with healthcare personnel, patients, and related
workers during the pandemic, including but not limited to disposable
tableware, toiletries, and food leftovers, was also classified as medical
waste (You et al, 2020). As a result, medical waste dramatically
increased because of both the expansion of the definition and the
increasing number of hospitalized patients and isolated close contacts.

2.2. Methods
(1) Assessing the performance of medical waste storage

The dramatic increase in medical waste production during the
COVID-19 pandemic has made the timely disposal of medical waste very
difficult, and some medical waste has had to be stored in temporary sites
designated by medical institutions. Due to the limited space of these
institutions and fluctuations in medical waste production, some in-
stitutions may have insufficient storage space, and thus, medical waste
has to be placed in nondesignated locations, which may pose a risk in
terms of the spread of the virus. There is considered to be a storage space
shortage when the required storage space exceeds the actual storage
area provided by a medical institution. The formula for calculating the
floor space used for the storage of medical waste is as follows:

Fs; =V xBj
SR; = Fs;;/Aay
RSR; = Rd,/Td * Oy

where Fs; represents the required storage space for medical waste at
date j in medical institution i (mz); V represents the storage space of a
single medical waste bin (measured in mz); Bjj represents the number of
medical waste bins in use at date j in medical institution i; SR; denotes
the storage performance (storage space shortage) at date j for medical
institution i (SR > 1: the storage area required for medical waste exceeds
the institution’s capacity and medical waste storage is insufficient; SR <
1: the institution has sufficient storage space); RSRy represents the
percentage of storage space shortage days to the studied days in region k
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(%); Rdy represents the sum of the number of days that all medical in-
stitutions in region k with storage space shortage (day); Td stands for the
total number of days in the study period (day); and Qi represents the
number of medical institutions in region k.

(1) Assessing the performance of medical waste transportation

The performance of waste transportation was estimated based on the
measured shortest route for medical waste vehicles and the accident rate
for Chinese freight vehicles, as shown by the following formulas:

G = M; x Ad;
Ad; = D;/F;

where C; is medical waste turnover (the total volume of freight trans-
ported within a period) at date j (kmt); Mj represents the total medical
waste at date j (tonnes); Adjstands for the average transportation dis-
tance (average round trip distance of a single medical waste transport) of
medical waste on date j (km); Djrepresents the total medical waste
transportation distance on date j (km); and F; is the frequency of medical
waste transportation (number of round trips for transporting medical
waste) on date j (time).

2.3. Data sources

The dataset was derived from public statistics and survey data.
Public statistics were collected from reports published by the National
Health Commission of the People’s Republic of China, Health Commis-
sion of Hubei Province, and Wuhan Municipal Health Commission,
including the number of current confirmed cases and medical beds. Data
on the capacity and quantity of medical waste disposal in Wuhan were
collected from reports published by the Ministry of Ecology and Envi-
ronment of the People’s Republic of China, Department of Ecology and
Environmental of Hubei Province, and Wuhan Ecological Environment
Bureau. The plan to upgrade the medical management system in Wuhan
due to the COVID-19 pandemic (May 2020 to today) was obtained from
reports published by the Hubei Provincial Government and Wuhan
Government. The survey data mainly include information obtained from
daily reports on medical waste disposal in Wuhan (production mass,
disposal capacity, disposal mass, etc.), detailed medical dispatch plans
(storage space, transportation distance, etc.), and statistics on medical
waste disposal in Wuhan in 2019; all these data were obtained from the
Hubei Solid Waste and Chemical Pollution Prevention Center and Hubei
Academy of Ecology and Environmental Sciences.

The data span from January 22nd (Wuhan lockdown) to April 26th
(zero current confirmed cases in Wuhan). However, some data were
missing due to the lockdown of the city during the pandemic.

3. Results and discussion
3.1. Overview of medical waste during the pandemic

To prevent COVID-19 transmission, Wuhan was locked down for 76
days from January 23", 2020, until April 8%, 2020. To mitigate the
shortage of medical beds during the COVID-19 pandemic, in addition to
the 24,378 beds (by February 25th) that were available at designated
medical institutions, Wuhan also received patients from February 3rd to
February 22nd at newly constructed mobile cabin hospitals (and
expropriated gymnasiums). Furthermore, some schools were expropri-
ated as isolation areas for potential patients. The increase in hospitali-
zations led to an increase in medical waste. The total mass of disposed
medical waste in Wuhan reached 10,475 tonnes during these 76 days,
with a daily maximum of 263 tonnes. In contrast, in 2019, the medical
waste generated in Wuhan was approximately 19,531 tonnes, with an
average daily disposal demand of approximately 55 tonnes. The rapid
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increase in medical waste in such a short time far exceeded the original
disposal capacity that in the most difficult time, led to a shortage in the
medical waste disposal capacity of more than 60 tonnes.

As shown in Fig. 1, the number of current confirmed COVID-19 cases
peaked from the middle to the end of February and then gradually
tapered off. However, the data analysis indicated that the peak of
medical waste production showed a lag and occurred between late
February and early March. This information is presented in the sup-
plemental materials. Before late February, the disposal capacity was
unable to meet the demand for timely medical waste disposal, resulting
in a serious backlog of medical waste. After late February, the medical
waste disposal capacity was increased to 224 tonnes per day to ensure
the disposal of daily produced medical waste in a timely manner, and the
previous medical waste backlog was addressed. However, after the end
of the Wuhan lockdown on April 8th, medical waste production
remained at a high level until May. The level at this time was 30% higher
than the average daily production (55 tonnes) before the COVID-19
pandemic due to cautious preventative measures (Xiao and Torok,
2020), such as additional testing in medical institutions and commu-
nities. Since May 2020, Wuhan has gradually loosened its emergency
restrictions, and people have fully resumed their production activities
and normal lives. The daily average medical waste generation from May
to August 2020 was approximately 69.1 tonnes/day, which is approxi-
mately one-half the mass during the pandemic but still 26% higher than
that in 2019 due to increased COVID-19 testing and precautions that
took place after the pandemic began.

3.2. Medical waste production

Medical waste production can indicate the pressure of medical waste
disposal and changing trends of the pandemic (Windfeld and Brooks,
2015). Fig. 2 presents the production of medical waste from March 15%
to April 18" in selected administrative districts of Wuhan City. The
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Fig. 1. Overview of medical waste production and disposal during the COVID-
19 pandemic.
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Fig. 2. Medical waste production in the districts of Wuhan.

trends of medical waste production on other days could not be presented
at the district or hospital level due to the lack of data. Generally, the
waste production in each district declined with the mitigation of the
pandemic. Caidian and Jiangxia generated more medical waste than
other districts in March because their two primary mobile cabin hospi-
tals, namely, Huoshenshan Hospital and Leishenshan Hospital, were
quickly established and received 5050 patients (more than 10% of the
total number of confirmed cases in Wuhan during the COVID-19
pandemic) in response to the rapid increase in the number of patients
in the city (Zhu et al., 2020). Remote districts with a low population
density and fewer medical institutions, such as Xinzhou and Huangpi,
produced a smaller proportion of medical waste.

Fig. 3 presents the sources of medical waste. The source of waste was

not distinguished between designated and non-designated medical in-
stitutions from March 8™ to March 25™ due to the lack of data; ‘Other’
refers to medical waste from nonmedical sources, such as domestic
waste produced by medical personnel. As the number of COVID-19 cases
decreased, the medical waste produced by designated medical in-
stitutions (mostly hospitals with well-developed and extensive medical
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Fig. 3. Daily total medical waste mass generated from different sources.
Designated medical institutions: Medical institutions that focused on the
treatment of COVID-19 patients during the pandemic. Non-designated medical
institutions: Medical institutions that had limited resources and were not able to
receive and treat COVID-19 patients during the pandemic.

facilities) gradually decreased, and that produced by other sources also
decreased. During the later stages of the pandemic, the medical waste
produced by designated medical institutions declined, while that pro-
duced by non-designated institutions quickly increased because the
latter began to provide more medical services to non-COVID-19 patients,
resulting in a larger proportion of the medical waste generated by non-
designated medical institutions (Nagano et al., 2020).

3.3. Performance of medical waste storage

Medical waste storage management in Wuhan went through two
phases during the COVID-19 pandemic: the first phase (from Jan 22" 1o
Mar 1%, in which daily waste disposal was less than daily production
and medical waste had to be stored in temporary storage sites and the
second phase (from March 2" to April 19™), in which Wuhan eliminated
its medical waste backlog and stopped the use of local temporary stor-
age, during which medical waste was stored in designated areas of the
medical institutions and disposed of within 24 hours of production. In
the first phase, 16 large regional storage sites were established in
Wuhan, with a total storage capacity of 1,066.6 tonnes and an area of
13,610 m?. According to the data from February 21° to March 1%, the
regional temporary medical waste storage sites had ample space, and the
utilization rate was only 34% at the maximum and lower than 20% most
of the time.

However, the storage capacity of some medical institutions is not
adequate during the pandemic. We analyzed the storage space shortage
of 78 major medical institutions in Wuhan in the late period of the
second phase to evaluate the performance of Wuhan’s medical waste
management. Fig. 4 presents the performance of medical waste storage
for major medical institutions from March 16 to April 19, District
levels were assigned based on the number of days that a storage space
shortage existed in the medical institutions. Overall, the performance of
medical waste storage varied in each district. Dongxihu was the district
with the most serious storage space shortage. Its storage space demand
exceeded the actual storage space on 33% of the studied days. This
storage space shortage could be primarily attributed to the fact that the
largest infectious disease hospital and medical treatment center in
Wuhan, which is located in this district, had a high medical load during
the pandemic and provided most of its space to patients as wards. The
Hanyang district has a shortage of medical waste storage space on 30%
of the studied days, which was primarily due to insufficient storage
space for medical waste in some small non-designated hospitals in this
district. Usually, small non-designated hospitals are designed to divert
patients with minor illnesses, such as colds and minor trauma, from
larger hospitals. Therefore, the infrastructure of these hospitals is
obviously weaker than that of large designated general hospitals (Chen
et al., 2020). During the pandemic, these small non-designated hospitals
provided far more medical care than usual. Other districts generally had
a relatively lower degree of storage space shortage, with insufficient
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Fig. 4. Medical waste storage space shortage of different districts and hospitals. Levels 1, 2, 3, and 4 indicate the proportion of days with a medical waste storage

space shortage compared to the studied days. Dots denote hospitals.

storage space on 2% to 26% of the studied days, respectively.

We further conducted a hospital-level analysis to investigate the
performance of medical waste storage. Generally, the hospitals carried
different levels of storage space shortage, and their waste storage ca-
pacity was lower than the mass of waste produced. The hospitals with
the highest storage space shortage needed more than four times the
available storage space. The total storage space of the hospitals was
3,755 mz, which far exceeded the daily storage demand (2,124 m?). In
summary, the percentage of days with storage space shortage was lower
than 17% on average in all hospitals. Due to the uneven distribution of
medical waste storage facilities, some hospitals did not have sufficient
space and others had excess space. In Wuhan, the hospitals with a
storage space shortage on more days were mostly mobile cabin

hospitals, specialty hospitals, and small non-designated hospitals.

3.4. Performance of medical waste transportation

The COVID-19 pandemic led to extremely sharp increases in medical
waste production in Wuhan, leading to a substantial increase in the
demand for medical waste transportation. Before March 16", the
transportation of medical waste in Wuhan was in an emergency mode.
After March 16, Wuhan employed a comprehensive scheduling process
for medical waste transportation that clarified the destination of medical
waste for each hospital and arranged dedicated vehicles for transporting
medical waste. Due to data availability, we focused only on the period of
scheduled transportation, which may better indicate how well the
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transport turnover of medical waste can be controlled.

The average daily data in 2019 was used as a benchmark for com-
parison (i.e., the value of 1 for 2019). The transportation turnover in this
period was approximately 5-10 times that on regular days in 2019. Fig. 5
shows that the average transportation distance was even shorter than
that of 2019. However, the transportation frequency increased 4-6-fold.
The primary reason for the decrease in distance and increase in fre-
quency was that four disposal sites were newly established during the
pandemic. The increase in the number of sites (or options) allowed
Wubhan to better plan the transportation routes, which greatly shortened
the one-way transportation distance and increased the frequency. In
contrast, the average weight remained relatively stable and high and
was approximately twice that in 2019. These temporary disposal sites
were shut down around the first week of April due to the decrease in
medical waste production; thus, the average transportation distance per
trip gradually increased to levels in 2019.

3.5. Performance of medical waste disposal

Despite the lack of medical waste disposal capacity at the initial stage
of the COVID-19 pandemic, Wuhan employed three emergency mea-
sures in response to the rapid spread of COVID-19: the use of mobile
disposal facilities, the expropriation of municipal waste incinerators,
and the implementation of off-site disposal. Fig. 6 presents the methods
used for various medical waste disposal from February 21% to April 19%,
2020. Stationary facilities were the main method used for the traditional
disposal of medical waste, mobile facilities supported traditional med-
ical waste disposal, and municipal waste incinerators were temporarily
used for pandemic-related waste. The use of mobile facilities for disposal
gradually decreased and was terminated at the end of March. The curve
of the waste load, as shown in Fig. 6, indicates that the daily disposal
demand of medical waste could generally be met by the stationary fa-
cilities and expropriated municipal waste incinerators. After an excep-
tional increase (the daily medical waste production increased from 127
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Fig. 5. Ratio of medical waste transportation statistics during the pandemic to
the average value of 2019. Transport distance: total distance of medical waste
transported for the day (km); Average transport distance: average round trip
distance for one-way medical waste transportation (km); Transport frequency:
frequency of medical waste transportation for the day (times); Weight: total
weight of medical waste transportation for the day (tonnes).
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tonnes on February 19™ to 178 tonnes on February 20th and then
increased steadily to 240 tonnes on February 26" due to the increase in
current confirmed cases from 17,361 to 30,043 on February 12th; this
number remained higher than 30,000 until February 27th) in medical
waste production, the increase in medical waste disposal capacity did
not keep pace with the increase in demand (the weekly increase in the
medical waste disposal capacity during this period was approximately
20 tonnes), which may have increased the risk of transmission.

Because the situation and disposal capacity improved, Wuhan halted
the off-site disposal of medical waste, and the in-city disposal rate of
medical waste (the proportion of medical waste treated in Wuhan)
increased to 100% after March 5™ and remained at this level. Overall,
Wuhan’s medical waste disposal system was overloaded (utilization rate
higher than 100%) only at the end of February, and with the help of
acquisitions, donations, and support, the medical waste disposal ca-
pacity of Wuhan increased from the initial 50 tonnes/day to 265.6
tonnes/day on March 11%, 2020. However, during the period from
February 21% to April 1*!, the expropriated municipal waste incinerators
were overloaded for approximately 75% of the period, with the highest
overload rate reaching 94%.

3.6. Current changes in medical waste management

The unexpected pandemic made administrators aware of the short-
comings of medical waste management. Therefore, after the overall
situation returned to normal, Wuhan improved its medical waste man-
agement system in three ways: increasing disposal capacity, employing
smart management, and instituting policy regulations. The details are
shown in Table 1.

The pandemic has led to a significant increase in Wuhan’s medical
waste disposal and emergency response capabilities. After the pandemic,
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Table 1
Current changes made in medical waste management.

After the cancellation of Wuhan’s
emergency

Before pandemic

Disposal capacity: 50 tonnes/day Disposal capacity up to 110 tonnes/day
Hazardous waste treatment facilities
project an annual treatment capacity of
50,000 tonnes at the design stage (cnhubei.
com, 2020).

Smart portable waste treatment devices
automatic operation and dynamic
monitoring

Waste discharge regulation for local
medical waste was implemented, and a new
regulation on comprehensive medical
waste management is being considered.

Fixed medical waste bins in hospital
with manual operation and no
monitoring

No local regulations for medical waste

the increase in the medical waste disposal capacity was 60 tonnes/day,
but the emergency disposal capacity was 30 tonnes/day. Furthermore,
Wuhan had 180 tonnes/day of back-up emergency disposal capacity
(including 80 tonnes/day of hazardous waste incineration disposal ca-
pacity and 100 tonnes/day of municipal waste incineration disposal
capacity). In addition, Wuhan is planning a large project to meet
possible future waste disposal demands, with a maximum treatment
capacity of 50,000 tonnes per year (HubeiDaily, 2020b). At the hospital
level, for more effective medical waste management, smart medical
waste transfer vehicles are being used to automatically collect and
transfer medical waste from hospitals, which could reduce the opera-
tor’s contact with medical waste, thereby reducing the related risks
(People.cn, 2020). A smart software system has been established to
promote dynamic medical waste monitoring and transfer scheduling. A
warning will be sent by the system to the waste management department
that a transfer is required, thus reducing the risk. Furthermore, the
legislative process has been largely accelerated to facilitate the imple-
mentation of medical waste treatment projects due to the implementa-
tion of simplified procedures and provide tax incentives and other
policies to support waste disposal enterprises (HubeiDaily, 2020a).
Specifically, regulation involving a waste charge was recently imple-
mented using this new rapid process to delineate the responsibilities of
stakeholders for medical waste treatment (The government of Wuhan,
2020).

4. Conclusion and additional policy implications

COVID-19 has posed a great challenge for Wuhan’s medical waste
disposal system. During peak periods, the demand for daily disposal was
more than five times the normal daily demand. Large designated med-
ical institutions had relatively more sufficient storage space for medical
waste and thus a lower storage space shortage. Mobile cabin hospitals,
small non-designated hospitals, and non-general hospitals need to
simultaneously expand their storage space to reduce the storage space
shortage. An increase in the production of medical waste and the need
for more time-sensitive disposal will increase the transport turnover.
Even with a dramatic decrease in patients, the transport turnover is still
5-10 times higher than that on regular days. Fortunately, Wuhan’s quick
response helped it address the lack of medical waste disposal capacity
during the COVID-19 pandemic, which greatly reduced the possibility of
virus transmission by medical waste through the use of mobile facilities
and the expropriation of municipal waste incinerators (Tabish et al.,
2020). The pandemic has been a powerful warning to Wuhan, which
improved its medical waste treatment capacity and management after
the city returned to normalcy.

The successful experiences of Wuhan suggest that improving the
emergency management system for medical waste from multiple aspects
is vital for minimizing human health risks. Our findings outline the
experiences of medical waste management in Wuhan as it responded to
the public health emergency, which provides guidance for new policy
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implications and decision-making for future waste management pro-
cesses and other cities around the world that are suffering from the
pandemic in terms of medical waste disposal and seek to address the
public health risk (Tabish et al., 2020).

(1) A sophisticated medical data system should be implemented. At
the beginning of the pandemic, medical waste storage, trans-
portation, and disposal processes were hastily implemented due
to the unexpected increase in medical waste. Due to the gradual
improvement in medical waste data, Wuhan started to develop a
medical waste management plan and began to effectively allocate
resources to improve the medical waste management system. The
availability of medical data can support the visualization of
different scenarios and prediction of waste generation trends,
thus guiding medical waste management and promptly
increasing the capacity and resilience of urban medical treatment
in response to major public emergencies.

(2) The medical waste storage capacity of hospitals needs to be
improved to deal with dramatic increases in medical waste dur-
ing emergencies (Alshraideh and Abu Qdais, 2017). Based on the
average data before the COVID-19 pandemic and daily produc-
tion, five times the available space is needed. Some upgrading
activities should be implemented that involve mobile cabin hos-
pitals, specialist hospitals, and urban nonpublic hospitals, which
have relatively little space, to at a minimum, establish temporary
storage areas for medical waste. In addition, temporary bins
should be used during emergencies. Based on Wuhan’s experi-
ences during the COVID-19 pandemic, 0.58 bins (for detailed
information, please refer to the supplementary materials) and
0.25 m? of storage space are recommended for each hospital bed.
Emergency plans should be developed to coordinate resources for
disposal capacity throughout the broader region. Upon the
outbreak of a medical emergency, medical waste can be trans-
ferred to disposal sites in neighboring cities as soon as possible to
achieve joint prevention and control. Therefore, coordinating the
infrastructure at the regional level should be emphasized during
major public emergencies. The administration needs to estimate
the spatial distribution pattern of medical waste production,
identify storage needs, establish a regional dispatching center,
address the shortage of storage space in small hospitals and in-
crease this space in large hospitals, and establish a plan so that
storage space can be shared within the region. Moreover, to
prepare for future emergencies, the capacity for medical waste
disposal should be increased. In addition to using expropriated
incinerators, other possible solutions, including reusing medical
personal protective equipment after proper disinfection, can be
implemented to address dramatic increases in waste. However,
every solution must reduce the risk of infection.

Finally, in the context of the global pandemic, medical waste is

increasing in almost every city around the world. Wuhan’s

emergency response capacity has been increased through
nationwide collaboration and support (Lin et al., 2020). It is
recommended that other cities pay attention to the safe storage
and the transportation and disposal of solid waste and strengthen
cooperation to mitigate the pressure of medical waste disposal to
reduce the risk of infection (Mo et al., 2020; Seppanen et al.,

2013). Of course, there is also a need for stricter control measures

to reduce the incidence of COVID-19 and medical waste pro-

duction at the source.
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