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Abstract

The COVID-19 pandemic has also caused an environmental challenge, especially plastic pollution. This study is aimed to
provide a systematic review of the current status and outlook of research on plastic pollution caused by the COVID-19 pan-
demic using a bibliometrics approach. The results indicate developed countries were the first to pay attention to the impact
of plastics on the ocean and ecological environment during COVID-19 and conducted related research, and then develop-
ing countries followed up and started research. Research in developed countries is absolutely dominant in plastic pollution
induced by the COVID-19, although the plastic pollution faced by developing countries is also very serious. The author’s
co-occurrence analysis shows the Matthew effect. Keyword clustering shows that plastics have a harsh chain-like impact on
the ecological environment from land to ocean to atmosphere. The non-degradable components of plastic bring a serious
impact the ocean ecosystems, and then pose a serious threat to the entire ecosystem environment.
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Introduction

The pollution of plastic waste has attracted the attention of
governments all over the world, related actions have been
launched to combat the threat of plastic waste to the envi-
ronment (Jie et al. 2020; MacLeod et al. 2021; Sahlol et al.
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2020). Based on the data, 8.3 billion tons of plastics had
been produced globally until mid-2017, about 6.3 billion
tons of plastic waste have been generated, of which about
9% has been recycled, 12% has been incinerated, 79% has
accumulated in landfills or the natural environment until
2017 (Brooks et al. 2018). The United Nations declared that
plastic waste pollution was seen as a global crisis that should
drive global adjustment of relevant strategies to prepare for
sustainable economic development (Borrelle et al. 2020;
Islam et al. 2021; von Schuckmann et al. 2020; W. Yuan &
Chang 2021).

However, the COVID-19 pandemic has made the treat-
ment of plastic pollution more complicated (March et al.
2021). In December 2019, the world was affected by a
pandemic caused by a virus called “SARS-CoV-2” this
virus causes a serious respiratory disease called COVID-
19, which is easily spread through air, respiratory droplets
and other channels (Huang et al. 2020; Liu et al. 2021).
Common signs of coronavirus infection in humans include
respiratory symptoms, fever, cough, shortness of breath
and difficulty breathing. In March 11, 2022, WHO con-
siders the current outbreak of pneumonia to be a global
pandemic. Severe transmission of the new coronavirus
COVID-19 pandemic causes physical damage to humans
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and animals, its complications can lead to death (Sahlol
et al. 2020). In response to this major public health inci-
dent, countries and regions have adopted a series of pre-
ventive and control measures, including closed manage-
ment models, restricting social contact and social distance,
reducing the mobility of goods and passengers, economic
activities to a minimum to prevent the further spread of
COVID-19 (Acter et al. 2020; Das Gupta & Wong 2020;
Guan et al. 2020; Long et al. 2020; Zhu et al. 2020). Sec-
ond, people must have PPE (masks, gloves and other per-
sonal protective equipment) to enter public places during
severe outbreaks. The demand for disposable PPE by doc-
tors and other defense workers is also increasing, which
has significantly increased the consumption of plastic
products such as masks and medical equipment (Celis
et al. 2021; Herron et al. 2020). In addition, people are
particularly conscious of personal health and hygiene dur-
ing outbreaks, most industries and suppliers prefer to use
single-use plastic products to address customer concerns
and ensure their safety (Patricio Silva et al. 2021; Sas-
sanelli et al. 2019). Finally, the blockade and isolation
measures that people face during the epidemic have driven
the operation of e-commerce platforms, the proportion of
the population who consumes daily necessities online
has greatly increased. This preference has led to a sharp
increase in the production of multilayer plastic film and
foam (Chen et al. 2020). It can be seen that the contribu-
tion of plastic materials during the prevention and control
of the COVID-19 epidemic is undeniable, especially for
frontline workers.

Therefore, the health crisis brought about by COVID-
19 has gradually aggravated the environmental challenge of
plastic waste (Kvale et al. 2021; Saadat et al. 2020). COVID-
19 is a major public health event, it has affected all aspects
of people’s lives (Wang et al. 2021). Government agencies,
research institutions, society and the public are first to pay
close attention to public health issues, but underestimate
the impact of plastic waste on the environment. First of all,
what we can see is the durability, water resistance and flex-
ibility of plastics (Risch 2009). They play an important role
in protecting the health of front-line workers and the public
(Kampf et al. 2020). However, the refractory and long-lived
characteristics of the material components in most plastics
make plastic waste more difficult to handle (Mallick et al.
2021; Mensah et al. 2022). During the epidemic, the manu-
facturing industry increased and expanded fossil fuel vir-
gin plastic production, the closure of most waste treatment
plants, the shortage of employees, resulting in a shortage of
funds for the recycling industry, exacerbating the irrational
disposal of plastic waste, which will lead to the problem
of plastic pollution of the ecological environment (Benson
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et al. 2021; Dong et al. 2021a, b; Dong et al. 2021a, b). In
addition, beaches are considered to be an important natu-
ral resource in coastal areas. They are the source of land,
sand and fishing grounds that coastal communities depend
on (Dharmaraj et al. 2021). The blockade implemented by
many countries due to COVID-19 has reduced the movement
of people in coastal areas and surrounding areas, led to clean
beaches and waters in the surrounding areas, but ignored the
serious pollution of most beaches caused by plastic waste
during the epidemic (Zambrano-Monserrate et al. 2020).
Nearly 90% of marine debris is composed of plastic, foam,
food and packaging materials (Dharmaraj et al. 2021). It is
estimated that by 2020, approximately 1.56 billion masks
(approximately 5.66 million tons of plastic) will eventu-
ally enter the ocean (X. Yuan et al. 2021a). Large pieces of
plastic waste (including masks) can be broken down into
microplastics (Yuan et al. 2021b). Inadequate plastic waste
management has severely led to an alarming accumulation of
plastic in aquatic ecosystems, these effects may subsequently
affect the economy and ocean (Bennett et al. 2021; March
et al. 2021). Then we see the “visual pollution” caused by
rampant plastic waste and realize that we are realizing the
value of plastic at the expense of the environment. There-
fore, there is an urgent need to understand “potential con-
tamination” of the environment caused by plastics and make
changes to address these challenges (Patricio Silva et al.
2021).

Currently, bibliometrics can determine the basic struc-
ture, research hotspots and development trends of the
research field through systematic reviews (Gossling et al.
2021; Newman 2001; Wang and Huang 2021). It is playing
an increasingly important role in responding to international
public health emergencies (Rodriguez and Laio 2014). This
study uses bibliometric methods and scientific knowledge
graph software to comprehensively analyze the basic char-
acteristics of the scientific literature of related research by
constructing author cooperation networks, national coopera-
tion networks, institutional cooperation networks, timeline
views and keyword co-occurrence networks. In addition, we
have discussed in depth the use of plastics and the chain
impact of plastic waste on the ecosystem during COVID-19.
Recently published documents have not yet fully clarified
these issues. This study also identified the marine environ-
mental challenges posed by plastic waste during COVID-19
and discussed mitigation measures to overcome these chal-
lenges for the reference of policy makers.

The main content of this article includes five chapters.
The “Methods and data sources” section describes the meth-
odological framework and data sources of this research. The
results of the “The condition of plastic waste during COVID-
19” section show the main research results of bibliometric
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analysis and scientific map analysis. The “Conclusions and
future research” section describes the environmental chal-
lenges and future development prospects of plastics during
COVID-19. The last part is a summary of the full text.

Methods and data sources
Data collection

Scopus has comprehensive academic information in mul-
tiple research fields, it can provide higher standards of lit-
erature data, and improve data processing efficiency. We
screened the keywords and obtained “covid-19” “covid19”
“2019 novel coronavirus disease” “2019 novel coronavi-
rus” “COVID19” “COVID-19” “COVID-19 pandemic”
“COVID-19 virus disease” “SARS-CoV-2” “coronavirus
disease-19” “coronavirus disease19” “coronavirus disease
2019 “coronavirus disease2019” “2019-nCoV disease”
“2019 novel-cov” “2019-nCov” “2019 novel coronavirus”
“plastic” “plastics” “plastic pollution” “plastic contamina-
tion” “marine” “environment” “marine environment” etc.,
through a large literature case base and press materials. We
also used the operators “AND” “OR” “NOT” “*” opera-
tors to match the selected keywords, which avoided sub-
jective keyword selection and ensured the objectivity and
comprehensiveness of the literature search results. Since
the COVID-19 outbreak occurred in December 2019, we
restricted the time frame to December 2019 to September
2021 to ensure the timeliness and relevance of the articles.
After obtaining a large amount of literature, we reviewed the
titles of each article and initially selected articles with high
relevance to “plastics” and “environment”. We reviewed
the abstracts of the selected papers in detail and removed
those that were not related to plastic waste and ecosystem
pollution, resulting in a total of 123 papers, which were
exported as data sources for bibliometric analysis and sci-
entific atlas analysis.

ELINT3 LEINT3

Data analysis

CiteSpace and VOSviewer are Java applications. They
are powerful visual data analysis platforms and widely
used in bibliometric analysis (Hu et al. 2019). CiteSpace
and VOSviewer can assist manual operation to analyze
data and reduce errors caused by manual analysis, thereby
improving the accuracy and reliability of the results. They
can produce complete analysis graphs for visual analy-
sis in scientific literature. Therefore, this study will use
the knowledge map software CiteSpace and VOSviewer

software for visual analysis. The visualization process
mainly includes three main steps, standardized process-
ing, clustering and visualization methods.

Standardization processing

The standardized processing of similar data is the basis of
data visualization analysis. In order to obtain ideal data
results and better highlight the relationship between the
data, preprocessing must be performed to improve the
quality of the data. Dice is one of CiteSpace’s standardized
algorithms. The Dice similarity coefficient can calculate
the similarity of two strings.

2 X comm(Sy, S,)
leng(Sl) + leng(Sz)

Dice =

ey

In formula (1), comm(S,, S,) is the number of the same
characters in S, and S,, and leng(S,) and leng(S,) are the
lengths of the character strings S; and S,.

Clustering

Clustering is divided into multiple clusters according to differ-
ent data. The principle is to agree that the data objects in the
cluster have good similarity, but the data of different clusters
are different. The clusters menu contains algorithms that can
be selected during the clustering process, including Clustering
algorithms, LLR algorithms and MI algorithms. The Cluster-
ing algorithm belongs to the inter-class distance algorithm in
the hierarchical clustering algorithm.
2 1 &

m nan ;»ewqy ?ewn Y (2)

j i
In the formula (2), p and g are two clusters. The dis-
tance between them is determined by the average distance
between the units i, j. Likelihood ratio (LLR) clustering

algorithm:

P(C\Vy)

LLR = log—— """
P(=C\Vy)

3

In the formula (3), it is assumed that for the category C,,
the frequency, concentration, and dispersion of the word W,
constitute a vector V.. LLR is the log-likelihood ratio of the
word W; to the category C;. p(C;|V;;) and p(—Cj\Vij) are the
density functions of W; in category C; and —C;, respectively.
MI (mutual information) clustering algorithm:
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pw,c)

MI(w,c) = pw, c)log———
WZ,C pOV)p(e) @

In the formula (4), p(w, ¢) is the co-occurrence probabil-
ity of w and ¢; p(w) and p(c) are the probability of occur-

rence of w and c respectively.
Visual analysis

In the graph-based visualization method, the relation-
ship between nodes is connected by lines, the connec-
tion between nodes can clearly reflect the connection
between two objects. The size of the nodes in the net-
work graph indicates the frequency of each keyword,
the connections between nodes indicate the strength of
co-occurrence (Goh and See 2021). Large-scale net-
works can be separated by time slicing. The time series
visualization method is mainly to detect the change
trend of the subject over time, to detect the variant
words in the literature combined with the clustering
algorithm. It is used to detect and visualize the trends
and changes over a period of time, further predict the
development trend of the subject matter.

Determine the research

Determine the research
problem and research purpose

Restricted geographic

arca:

Countries and regions around the
world

/A
D

Fig. 1 The specific steps of research
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Research design

This article adopts the bibliometric analysis method and fol-
lows the standard scientific drawing process (Gao et al. 2020;
Qin et al. 2014; Wang et al. 2021). The analysis is divided into
four stages (The specific analysis process can be seen in Fig. 1).

e Determine the research problem and purpose. This stage
is mainly to determine the description of the research
problem and research purpose of this article.

e Determine the research method. This stage continues the pre-
vious stage, which mainly introduces the bibliometric methods
used in this research, determines the database, limited time
range, geographic area selected by this research.

e Identify keywords. Collect commonly used keywords
related to the content of this research from various chan-
nels such as journal literature, news materials and case
libraries, summarize these keywords. Screen the obtained
keywords to avoid repetitive keywords and include them
in the database for literature screening.

e Visual network analysis. This part follows the principle
of bibliometric analysis methods to visually analyze the
obtained literature data, conduct data mining from dif-
ferent perspectives to obtain the most comprehensive
research hotspots and trends in this field.

Determine the keywords used
when searching for

Data mining and
documents

analysis
Keywords searched

1. The condition of plastic
Collect relevant common garbage before COVID-19

kevwords from various channels

2. The condition of
plastic garbage during
COVID-19:

Country analysis,;
Author analysis;
Institution analysis;
Kevwords analysis

Filter keywords and summarize
them, and include them in the
database for literature screening:

"covid-19", "covid19", "2019
novel coronavirus disease”, "2019
novel coronavirus”, "COVIDI19",
"COVID-19", "COVID-19
pandemic”, "COVID-19 virus
disease”, "SARS -CoV-2",
"plastic”, "plastics”, etc.

3. Future prospects and
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Fig.2 The time schedule network for countries

The condition of plastic waste

during COVID-19

The analysis of country cooperation networks

This section traces the relevant information recorded in
the scientific literature, finds that more than 50 coun-

tries or regions around the world have participated in
investigations and studies on the impact of plastics on

Fig.3 The bibliographic cou-
pling of country/region

Q/
A

the environment during COVID-19. In Fig. 2, the top
eight countries with a high number of occurrences were
the USA, China, India, the United Kingdom, Spain,
Australia, Italy and Canada. The USA has the highest
number of occurrences in the country collaborative net-
work analysis on the ecosystem impacts of plastic waste
during COVID-19 with 19 occurrences. The analysis of
the country cooperation network in Fig. 2 shows that the
number of developed countries accounts for three-quar-
ters of the total, only two countries among developing
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countries are China and India. The chronological order
shows that during COVID-19, most developed countries
such as Canada, the UK and the USA took the lead in
conducting research on the impact of plastics on environ-
mental sustainability, followed by developing countries
such as China, India and Indonesia. Thus, most studies
on the environmental impacts of plastics during COVID-
19 was done in the developed countries. Figure 3 shows
the degree of interrelationship among countries in the
investigation of the environmental impact of plastics dur-
ing COVID-19. Green circles represent countries with
more collaborative exchanges, while blue circles rep-
resent countries with few collaborative exchanges. As
can be seen from Fig. 3, research on the environmental
impacts of plastics during COVID-19 has formed a major
research network led by the USA and the United King-
dom. Among the countries or regions with high publica-
tion quality, the USA formed the larger research network,
with the United Kingdom and Spain in second place,
they also cooperated with some countries in research. In
addition, most developed countries, such as Canada, have
carried out relevant exchanges and cooperation. How-
ever, China, India and Australia rarely collaborated with
other countries to investigate the environmental impacts
of plastics during COVID-19.

These data highlight the fact that developed countries
are the mainstay of research on the environmental sus-
tainability of plastics, but developing countries have less
environmental resistance during the epidemic. Therefore,
developing countries should pay attention to their reliance
on plastic products such as masks, gloves and medical
devices during COVID-19, the environmental impacts of
plastic products, and strengthen relevant research studies.
While leading research on the environmental impact of

Fig.4 The bibliographic cou-
pling of authors
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plastic products during the epidemic, developed countries
should strengthen communication and cooperation with
developing countries to promote sustainable development
of the global environment.

The “Matthew effect” in author’s co-occurrence
analysis

Co-citation analysis refers to the analysis of the reference list
in which two articles appear together in the third cited docu-
ment, and the two articles form a co-citation relationship.
The content of this section is mainly to analyze the co-cita-
tion of the authors of the paper. Figure 4 is a diagram of the
author’s co-citation analysis. The size of the green font indi-
cates the reduction in the number of co-cited articles by the
author, the yellow and brown lines indicate the connection
between the authors, the change of color indicates the dis-
tance and the nearness of the year. From Fig. 4, GE DELA-
TORRE, JC PRATA, T ROCHASANTOS, AC DUARTE,
J LIU and Y WANG are the six most cited authors from
Peru, Portugal, the USA and China, mostly from developed
countries. In addition, the analysis revealed the researchers’
research in the impact of plastics on the environment dur-
ing COVID-19. Some of the authors in the picture cooper-
ate closely and form obvious cooperative groups, but the
cooperation is mostly carried out within the group, there are
few connections between multiple groups. Due to the sud-
denness of the epidemic, researchers in this field have not
yet formed a relatively stable scientific research cooperation
group, which is not conducive to the exchange and sharing
of knowledge. Robert Morton summarized the “Matthew
Effect” as any individual, group or region that succeeds and
advances in a particular area will have a cumulative advan-
tage and more opportunities to achieve greater success and
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progress (Perc 2014). From the author’s co-occurrence
analysis, the research status of the researchers is in line with
the “Matthew effect”. Therefore, researchers should increase
their multi-angle exploration in this field, so as to generate

Fig.6 The cooperation network
of institutions (Red clusters
include “COVID-19” “Medi-
cal Waste” “Plastic Pollution”
“Solid Waste” and “Waste
Management”. Yellow clusters
include “Prevalent Plastics” and
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most researchers have been concerned about the increase in
plastic dependence during the COVID-19 period since the
outbreak, and have began to explore the various impacts of
plastics on the sustainable development of the environment.

The cooperation networks of research institutions
analysis

The number of publications and the frequency of citations
of scientific literature of research institutions reflect to a
certain extent the research scale and research capabilities
of the field. This section analyzes the research develop-
ment trends in this field from the perspective of research
institutions. Figure 6 reveals the number, time and cen-
trality of publications of various research institutions.
From the perspective of the types of institutions, the main
research is universities, and foundations etc. account for
only a small proportion. Colleges and universities have
gradually become the main research force in this field,
subject knowledge has been well inherited and dissemi-
nated in colleges and universities. Moreover, we can see
from the figure that these research institutions are highly

central, they are representative research groups. These
groups reflect the characteristics of the current cooperation
of research institutions. The exchanges and cooperation
between research institutions are not restricted by geo-
graphical location. In addition, different types of research
institutions have conducted extensive cooperation, which
has increased the diversification and comprehensiveness
of research in this field.

The challenges of plastic to environment

Keywords contain the core information of the article.
Keyword analysis can identify valuable information in
documents, intuitively reflect the research hotspots,
analytical perspectives and research methods of spe-
cific fields in different time series, reveal the inherent
knowledge of the research field (Gao et al. 2020; Qin
et al. 2014). We use keyword analysis to determine the
main research directions and hotspots of the impact of
plastics on environmental sustainability during the epi-
demic, make judgments on research trends in this field.
In Fig. 7, there are five colors, keywords corresponding
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the use of plastics during the COVID-19 period mentioned in the
above section, the impact of plastics on the three main bodies of eco-
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Fig.8 The impact of plastic waste on the ecological environment

to the same color belong to the same category. The red
clusters, this part of the scientific literature mainly
found that a large number of plastic waste were con-
sumed and utilized due to a series of measures to con-
trol the epidemic during the COVID-19 period. “Devel-
oping country” appeared in the cluster, only the word

Table 1 Several commonly used plastics

Marine ecological environment

“India” about the country appeared. Since the outbreak
of COVID-19, it has rapidly spread to most developing
countries around the world. Their dependence on plas-
tic products and the poor control during the epidemic
poses a serious threat to environmental sustainability
(Bashir et al. 2020). In the yellow clusters, the keywords

Plastic type Application Environmental characteristics

Polyethylene (PE) A wide range of inexpensive uses including super- When exposed to ambient solar radiation the plastic
market bags and plastic bottles produces two greenhouse gases, methane and

Polypropylene (PP) Bottle caps, drinking straws, yogurt containers, ethylene;

appliances, car fenders and bumpers, and plastic

pressure pipe systems
Polyethylene terephthalate (PET)

Polyvinyl chloride (PVC)

biodegradability; toxicity

Carbonated drink bottles, peanut butter jars, plastic
film, and microwavable packaging

Plumbing pipes and guttering, electrical wire/cable

insulation, shower curtains, window frames, and

flooring
Polystyrene (PS)

Foam peanuts, food containers, plastic tableware,

disposable cups, plates, cutlery, compact disc (CD),

and cassette boxes
Polyester (PES) Fibers and textiles

Low-density polyethylene (LDPE)
and clamshell packaging

Outdoor furniture, siding, floor tiles, shower curtains,
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belong to the air pollution caused by the unreasonable
disposal of plastic waste during the epidemic. The blue
and purple clusters have more intersections, it focuses
on the threats to the marine environment and marine life
caused by plastic materials such as masks and micro-
plastics. The keywords of the green cluster involve more
fields and overlap with public and environmental.

The Coronavirus disease 2019 (COVID-19) pandemic
on a global scale has caused serious loss of life (Wang
et al. 2022a, b). The COVID-19 pandemic has led to
large-scale consumption and use of personal protective
equipment such as masks, face masks, gloves and medi-
cal supplies, most of which are made of plastic materi-
als. Plastic is a synthetic or semi-synthetic material with
polymer as the main component. The weight of plastic
is very light and can be used repeatedly (Randall Curlee
1986). Plastic materials are divided into many types in
industrial production, their main uses and environmental
characteristics can refer to Table 1.

During the COVID-19 pandemic, the consumption of
single-use plastics is increasing. First, to avoid the spread
of an outbreak, everyone chooses to wear adequate per-
sonal protective equipment. Masks, face masks, dispos-
able gloves and other protective equipment are highly
protective for everyone, especially medical personnel
(Patricio Silva et al. 2021). In addition, COVID-19 has
promoted the operation of e-commerce platforms, the pro-
portion of people who consume daily necessities online
has greatly increased. Data shows that the proportion
of people buying food and daily necessities online has
increased by 92.5% and 44.5% respectively (Vanapalli
et al. 2021). Increased consumption of food and products
have led to a dramatic rise in the production of multi-layer
plastic films and foams.

Therefore, we will realize the benefits of plastics to
human society during COVID-19. We should also pay atten-
tion to the losses caused by plastic waste to the sustainable
development of the environment.

Land ecological environment

Plastic materials have contributed greatly to the control of
the epidemic during COVID-19 and have brought a lot of
convenience to our human society. However, with the con-
sumption and a large number of medical supplies, masks,
gloves and disposable packaging supplies, improper han-
dling and abuse of plastic waste have emerged.

First, the used masks are discarded anywhere in the pub-
lic area without processing (Olatayo et al. 2021). Increased
waste of plastic packaging (Dharmaraj et al. 2021). The
waste plastic products used in laboratory research will
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aggravate the production of plastic waste. These plastic
products are not only scattered on both sides of highways
and railroads in city streets, causing visual pollution, but
are also potentially harmful.

Secondly, most plastics have the disadvantages of being
difficult to degrade and low melting point, the chemical
molecules in the internal structure of the plastic make it
difficult to corrode and rot (Potrykus et al. 2021). Due
to these characteristics of plastics, if we do not dispose
of them in a timely and good manner after using plastic
products, plastic waste will pose a threat to the ecological
environment of the land. The best way to deal with plas-
tic waste is the recycling method, but this method is not
suitable for all plastics, but for most plastics with weaker
overall structure. During the COVID-19 period, due to
the implementation of a series of lockdown measures.
The shortage of funds for workers and recycling industry
in some factories, the greatly reduced management level
of enterprises have increased the unreasonable recycling
and disposal of plastic waste, causing serious environ-
mental damage (Ferronato et al. 2021). Moreover, most
plastic waste will eventually be sent to landfills. Landfill
will encroach on limited arable land and seriously waste
resources. According to statistics, there are approxi-
mately 125,000 to 500,000 landfills in Europe, more than
260-13.1 million tons of waste have been landfilled in the
past two decades (Canopoli et al. 2018).

In addition, the garbage buried in the soil may be
degraded in biological and non-biological processes, a
large amount of microplastics and additives will be pro-
duced during the degradation process, which will lead to
irresistible pollution of the soil, making the occupied land
unrecoverable for a long time, affecting the sustainable
use of the land. Some scholars analyzed waste samples
from landfills and found that the samples contained more
different types of microplastics, the concentrations were
higher (Alimi et al. 2018). In addition, compared with
the landfill site, the new landfill site contains a higher
concentration of plastic, which may be related to the dif-
ferent characteristics of different plastic products (Park
and Kim 2019).

Atmospheric environment

Many plastic products will be landfilled or incinerated
when they are processed. Incineration of most plastic
products will reduce air quality and damage the atmos-
pheric environment. Some environmental protection
experts pointed out that foamed plastic contains a very
toxic compound, which is a thousand times more toxic than
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potassium cyanide, is known as the most toxic poison on
the planet. Incineration of the same plastic such as plas-
tic lunch boxes will emit this toxic substance (Chen et al.
2020), this not only causes serious pollution to air quality
but also threatens human health.

In addition, due to the problems of unreasonable design or
imperfect management of certain plastic products, secondary
pollution will be caused in the process of oily waste plas-
tics. In this process, the poorly sealed packaging of plastic
products will cause dust to diffuse in the air during plastic
transportation and dust removal, causing air pollution. When
waste plastics are processed at high temperatures, hydrocar-
bon gases leak during the process. Rising carbon emissions
are detrimental to environmental quality and the achieve-
ment of carbon neutrality goals (Dong et al. 2022; Wang
et al. 2023). This part of the gas is very easy to explode.
At the same time, when coal, gasoline and other fuels are
burned, it is very easy to produce sulfur dioxide and pollute
the atmosphere (Kvale et al. 2021).

In summary, we can see that improper disposal of dis-
carded plastic waste will not only cause the “Visual pollu-
tion” problem that people have strongly reacted to, but the
most serious is the deep-seated “long-term harm” caused
by plastic waste (Benson et al. 2021).

Marine ecological environment

According to statistics, during the COVID-19 period, a
large amount of plastic waste was produced globally, a
high proportion of plastic waste entered the ocean, the
proportion of marine waste increased, which caused long-
term pollution to the marine ecological environment.
First, beaches are considered an important natu-
ral resource in coastal areas. They are the source of
land, sand and fishing grounds that coastal communi-
ties depend on. As far as the government is concerned,
beaches are a good source of income for the tourism
industry. The blockade imposed by many countries due
to COVID-19 has reduced the movement of people in
coastal areas and surrounding areas, resulting in clean
beaches and waters in the surrounding areas. However,
the unreasonable treatment of plastic products (masks,
medical equipment, etc.) caused a large amount of plastic
garbage to accumulate on the beach (Chowdhury et al.
2021; Zambrano-Monserrate et al. 2020). Currently, many
disposable plastic products are very light and small, eas-
ily transported by wind and water. They flow into the
ocean and accumulate in the ocean or float on the coast,
which pollutes the marine environment. This will change
the chemical, physical and biological characteristics of
coastal and marine areas, threaten marine diversity and

affect marine productivity (Chowdhury et al. 2021; Otero
et al. 2021).

Secondly, nearly 300 species worldwide are affected by
plastic, of which 86% are sea turtles, 44% are seabirds and
43% are marine mammals. For larger marine organisms
such as sea turtles, dolphins and seals, some plastic prod-
ucts such as plastic bags will entangle and strangle them
tightly or damage the stomach capacity of marine species
and hinder their growth. In addition, large pieces of plastic
will float to new habitats, harming ecologically and com-
mercially important species, such as corals (W. Yuan &
Chang 2021). It is estimated that 11.1 billion plastic waste
is entangled on coral reefs in the Asia—Pacific region, this
number is expected to increase by 40% by 2025 (Lamb
et al. 2018). Plastic waste flowing through coral reefs may
cause physical damage to coral reefs and introduce foreign
pathogens. Improper disposal of plastic waste and disposal
of the ocean will threaten the health of aquatic animals
such as sea turtles, corals and whales, thereby disrupting
the marine ecosystem.

In addition, a new type of plastic pollutant called
“microplastic” spreads from land to sea and the rest of
the world. Microplastics are most widely distributed on
the surface of the ocean, with the North Atlantic and
the Pacific Ocean being the sites of microplastic accu-
mulation. Microplastics are light and small, their distri-
bution is easily influenced by monsoons and ocean cur-
rents. It has a small volume and a particle size of less
than 5 mm. According to the source, it can be divided
into primary microplastics and secondary microplastics
(Chamas et al. 2020). “Microplastics” have a survival
period of up to 3 years and can remain intact. Due to its
small size, it has a huge impact on the physics and biol-
ogy of the marine environment and food chain (Klemes
et al. 2020; Laskar and Kumar 2019). They are easily
washed into the sewer and wastewater treatment plant,
but there is no filter fine enough to completely remove
these particles, so that they are discharged into the
river or the ocean together (Saadat et al. 2020; Wood-
ward et al. 2021). Many zooplankton will swallow it
into their bodies and store them in their tissues. Micro-
plastics will also stick to the cell walls of phytoplank-
ton, causing their chlorophyll absorption to decrease.
As we all know, zooplankton are primary consumers
in the aquatic food chain. Corals and fishes also feed
on plankton, microplastics also show adverse effects
on corals, fish and other organisms (Dharmaraj et al.
2021). Microplastics are found in many parts of the
world and have various impacts on marine ecosystems,
which can be potentially harmful to humans through
biosphere transfer and enrichment effects. The rise
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of microplastics in the marine food chain has aroused
great human attention, because humans are the main
consumers of seafood, but its adverse effects on human
health are still difficult to assess. Therefore, during the
COVID-19 period, a large number of personal protec-
tive equipment and medical protective equipment are
made of bioplastic materials, which can be decomposed
into microplastics and pose a threat to the environment.
The large amount of plastic waste has a huge impact
on the food chain of the marine environment (Kvale
et al. 2021).

Future prospects and challenges

In order to ameliorate the environmental damage
caused by plastic waste during the epidemic, govern-
ment, society and individuals must make appropriate
improvements.

e Government departments should not only raise public
awareness of single-use plastic applications, but also
strengthen cooperation with external sectors in order to
further reduce plastic use and enhance the efficiency of
plastic use.

e [t is impossible to ban the use of plastic completely,
but we can choose some materials to replace plastic.
More encourage the use of reusable paper bags, cloth
bags and some bioplastics, in the industrial replace-
ment of traditional plastics need further research.

e Education plays an important role in the process of
reducing plastic use. For children in habit forma-
tion, educational awareness can have a particularly
important impact on their peers and even on the next
generation. Schools and other educational institu-
tions need to strengthen the organization of activities
that can significantly increase students’ awareness of
plastic waste reduction and knowledge of the envi-
ronmental impacts of plastic through different forms
of activities.

e Research and development of technology should
be strengthened to convert plastic waste into value-
added products, such as advanced technologies for
converting plastic waste into fuel. Government
departments should drive investment in technologies
that convert plastic waste into value-added products,
which will not only benefit human society but also
contribute to sustainable development of the envi-
ronment.

@ Springer

e The government should improve the corresponding rules
and regulations, reward the industrial enterprises with
good efficiency in plastic waste recycling, motivate and
encourage the public through publicity.

e Companies involved in plastic waste recycling, landfill
and incineration need to strengthen their management
to promote the proper management of plastic waste and
do their part for the sustainable development of the
environment.

Conclusions and future research
Conclusions

We systematically analyzed recent publications on stud-
ies of the environmental impact of plastics during the
COVID-19 pandemic, mainly using bibliometric methods
and scientific mapping analysis, obtained the following
conclusions.

e During the COVID-19 period, research hotspots
on the impact of plastics on the environment have
gradually increased. From the point of view of
country distribution, developed countries occupy
a dominant position, developing countries need to
further develop research on the impact of plastics
on the environment. The order of time shows that
most developed countries such as Canada, the United
Kingdom and the USA took the lead in conducting
research on the impact of plastics on the ocean and
the entire ecosystem environment during COVID-
19, developing countries such as China, India and
Indonesia conducted related research. Developed
countries are the first to pay attention to the impact
of plastics on the environment during COVID-19
and conduct related research, they have an absolute
advantage in the quality of literature. It can be seen
from the visual map that although several research
groups have been formed, the cooperation between
developed and developing countries is not very close.

e As the epidemic gradually spread from the region
to the world, a series of protective measures have
led to the massive consumption of plastic prod-
ucts, plastic waste has caused “Visual pollution”.
From the perspective of the number of publications,
this has led more researchers to pay attention to
the “Long-term pollution” caused by plastic prod-
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ucts on the entire ecosystem environment. Some
authors cooperate closely and form obvious coop-
erative groups, but most of the cooperation is car-
ried out within the group, there are fewer connec-
tions between multiple groups, there is a “Matthew
effect”. Due to the suddenness of the epidemic,
researchers in this field have not yet formed a rela-
tively stable scientific research cooperation group,
which is not conducive to the exchange and sharing
of knowledge.

e From the perspective of the types of institutions, the
main body of research is universities, foundations,
etc. account for only a small proportion. Colleges
and universities have gradually become the main
research force in this field, subject knowledge has
been well inherited and disseminated in colleges and
universities. The exchanges and cooperation between
research institutions of different departments are
not restricted by geographical location. In addition,
research institutions of different types have carried
out extensive cooperation, which has increased the
diversity and comprehensiveness of research in this
field.

e Bibliometric analysis of keywords was carried out,
the corresponding scientific atlas was obtained,
revealing the challenges brought by plastics to
the environment during COVID-19 and the future
research trends in this field. First of all, countries
and regions have adopted a series of measures to con-
trol the further spread of the epidemic. Among them,
plastic products have been widely used. At the same
time, these have also caused plastic waste to bring
huge challenges to the environment. In addition, plas-
tic waste will have a chain-like adverse effect on the
ecological environment. Among them, unreasonable
disposal of a large amount of plastic waste during
COVID-19 will seriously affect the availability of
ocean, leave difficult-to-degrade ingredients in the
soil and ocean. Animals and plants can be infected
or even die when they come into contact with plastic
waste, plastic waste can pose a serious threat to the
survival of the entire ecosystem environment.

Future research
Based on the above research results, we make the following

relevant suggestions for the future development of scientific
research in this field.

e Developing countries should pay attention to our
dependence on plastic products during COVID-19,
the impact of plastic products on the entire environ-
ment, strengthen investigation and research in this
field. Developing countries can take advantage of
the technological advantages of developed countries
in the field of artificial intelligence and big data,
learn from the experience and resources of devel-
oped countries in the field of research. Developed
countries should strengthen exchanges and coopera-
tion with developing countries while studying in this
field, so as to promote the sustainable development
of the global environment together.

e Researchers and research institutions must not only
cooperate and contact within the various cooperative
groups of scientific research in this field, but also
cooperate and contact between groups, carry out
multi-faceted and multi-angle investigations, so that
knowledge can be exchanged and shared fluently, a
relatively stable scientific research cooperation group
can be formed.

e After conducting a keyword analysis of scientific
literature, we found that plastic products are widely
used while causing chain damage to the marine eco-
logical environment, which threatens the survival
of the entire ecosystem environment. Among them,
“Microplastics” play an important role. However, the
impact of "Microplastics" on ecosystems has not been
analyzed in a multi-faceted and comprehensive man-
ner. In the future, our scientific research should pay
more attention to the long-term effects of “Micro-
plastics” on the ecosystem and provide adequate
theoretical guidance to address the environmental
challenges posed by plastics.

This study also has certain limitations. First of all,
we may lose some publications in the selection of the
case library, which may affect the results of our analy-
sis. Secondly, with the accelerating pace of the times,
the impact of plastics on the environment is constantly
changing with time and technological progress. The
existing literature does not reflect this change. There-
fore, the above may be the research direction of relevant
researchers in the future.
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Table 2 (continued)

&

Zhang Elissa J,Aitchison Lucy P,Phillips Nicole,Shaban Ramon

Authors
Zhang, EJ

Protecting the environment from plastic PPE

Citing article

Year
2021

Number

Countries

Springer

Z,Kam Andrew W. Protecting the environment from plastic PPE.

[J]. BMIJ (Clinical research ed.),2021,372
Benson Nsikak U.,Bassey David E.,Palanisami Thavamani. COVID

Benson, NU

COVID pollution: impact of COVID-19 pandemic on global

plastic waste footprint

2021

3

pollution: impact of COVID-19 pandemic on global plastic waste

footprint[J]. Heliyon,2021,7(2)

Fernandez Arribas J.,Moreno T.,Bartroli R.,Eljarrat E.. COVID-19

Fadare, OO

Covid-19 face masks: a potential source of microplastic fibers in

the environment

2020

face masks: a new source of human and environmental exposure
to organophosphate esters[J]. Environment International,2021,15
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