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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 anthropause has impacted human activities and behaviour, resulting in substantial environmental
COVID-19 implications and ecological changes. It has assisted in restoring the ecological systems by improving, for instance, air and water
Anthropause

quality and decreasing the anthropogenic pressure on wildlife and natural environments. Notwithstanding, such
improvements recessed back, even to a greater extent, when considering increased medical waste, hazardous
disinfectants and other chemical compounds, and plastic waste disposal or mismanagement.

This work critically reviews the short- and long-term implications of measures against COVID-19 spread-
ing, namely on human activities and different environmental compartments. Furthermore, this paper highlights
strategies towards environmental restoration, as the recovery of the lost environment during COVID-19 lockdown
suggests that the environmental degradation caused by humans can be reversible. Thus, we can no longer de-
lay concerted international actions to address biodiversity, sustainable development, and health emergencies to
ensure environmental resilience and equitable recovery.

Human and environmental health
Plastic pollution
Mitigation strategies

Introduction

COVID-19 pandemic became more than a health crisis, as it has
been affecting all human societies and the environment. Since its out-
break in late December 2019, and as an attempt to reduce virus trans-
mission, governments worldwide have imposed several restrictions on
industrial activities, commerce, outdoor activities, movement of vehi-
cles, goods, and people; resulting in dramatic reductions in human ac-
tivity, production and distribution of goods and services, commonly
referred as “anthropause” (Rutz et al., 2020). Alongside, COVID-19
triggered a significant change in public behaviour at different levels
(e.g., health/environmental perception, use and consumption of goods)
(Drury et al., 2020; Li et al., 2020a; Abbasi et al., 2020). Anthropause
and changes in human behaviour have been providing an unprecedented
mechanistic insight on how they can interfere with different aspects of
the environmental compartments (Zambrano-Monserrate et al., 2020).

Several studies have been addressing the effects of the COVID-19
pandemic on the environment throughout the first year, although the
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majority is focused on specific environmental compartments (e.g., air,
water, soil, or biota) (see table 1 and references therein) or with a partic-
ular perspective (e.g., plastic pollution, chemical pollution, marine en-
vironment, virus epidemiology and persistence) (e.g., Ong et al., 2021;
Loh et al., 2021; Facciola et al., 2021). Therefore, this paper provides
an overview of the positive and negative effects of the COVID-19 pan-
demic measures and related human activities on the different environ-
mental compartments, along with an integrative discussion on the major
drivers and effects in the long term, with particular emphasis on plastic
pollution. Furthermore, it highlights strategies towards environmental
restoration and sustainability, as the recovery of the lost environment
during COVID-19 lockdown suggests that the environmental degrada-
tion caused by humans can be reversible.

Positive effects of COVID-19 pandemic on the environment - a
short-term reality

The first evidence on the impact of COVID-19 on the environment
was, in fact, positive and mostly related to the global anthropause. With
lockdown measures and reduced human activities (particularly in the
industrial and transport sectors), the release of widely known air pol-
lutants, such as sulphur dioxide (SO5), nitrogen dioxide (NO,), carbon
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Table 1
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Summary of the positive and negative impacts of COVID-19 on environmental compartments.

Positive

Negative

Air compartment

Improved outdoor air quality in the first trimester (Tobias et al., 2020; Bashir et al.,
2020) Decreased pollution noise in Europe (ESA 2020) Decreased primary
pollutants and volatile organic compounds (L. Li et al., 2020) Decreased
concentration of the most harmful ultrafine particles for health (PM 2.5)[10]
Reduced fossil-fuel consumption in the first trimester (Qarani, 2020) Decreased
GHG emission (Ficetola and Rubolini, 2020; Wang and Su, 2020) Decreased dust
storms (Qarani, 2020)

Decreased indoor air quality (Dutheil et al., 2020; Faridi et al., 2020) Back-to-normal
air pollution from the second semester (Tollefson, 2021; Liu et al., 2020) Increased
acoustic footprint (Ulloa et al., 2021) Increased emissions of GHG and hazardous
chemical compounds in a long-term due to increased incineration activities
worldwide (as reviewed by Hantoko et al. (Hantoko et al., 2021)) Delays on the
26th COP on the UN frameworks Convention on Climate Change (Ortiz et al., 2021)

Terrestrial compartment

Decreased household food waste in the first trimester (Jribi et al., 2020) Reduced
touristic reassure on natural environments (Qarani, 2020) Decreased coal
consumption in China (Rume and Islam, 2020) Decreased oil extraction, mining,
quarry (Qarani, 2020) Cleaner beaches (Zambrano-Monserrate et al., 2020)
Decreased on human-made fires (Poulter et al., 2021; Paudel, 2021;

Rodrigues et al., 2020)

Increased landfilling (Zand and Heir, 2020) with potential long-term
geomorphological implications and increased release of toxic leachates (Silva et al.,
2021) Increased disinfection routines with hazardous chemical substances in
outdoor environments (e.g., beaches) (Silva et al., 2021a) Potential delay on crop
planting due to limited imports on fertilizers (Hanyabui et al., 2021) Prevalence of
SARS-CoV-2 in soils (Anand et al., 2021) and sludge (Carrillo-Reyes et al., 2021)
Potential increase on intensive cultivation of vulnerable areas due to the emphasis
of local food production (lockdown pressure) (Poch et al., 2020) Increased plastic
pollution related to the healthcare and packaging sector (Silva et al., 2021;

Gorrasi et al., 2020)

Aquatic compartment

Decreased Industrial and Commercial wastewater effluent release (Qarani, 2020)
Improved surface water quality in the first trimester (Dutta et al., 2020) Cleaner
waterways (Zambrano-Monserrate et al., 2020; Soto et al., 2021) Reduced ocean
acidification was expected due to a decrease in CO, (Ong et al., 2021) Reduced
acoustic pollution (Thomson and Barclay, 2020; Barclay and Thomson, 2021)

Increased residential wastewater effluents release (Qarani, 2020) Increased floods
(Qarani, 2020) Increased water demand (Kim et al., 2021) Increased plastic
pollution (particularly PPE) (Silva et al., 2021b, 2021c) Detection of important
viral loads of SARS-CoV-2 from urban streams (Guerrero-Latorre et al., 2020)
Increased concentrations of pharmaceuticals and personal care products against
COVID-19 in lakes, and WWTP-river-estuary system in China (Chen et al., 2021)
Potential excess of chlorine disinfectants on aquatic systems (Garcia-Avila et al.,
2020) Increased plastic pollution (particularly PPE) (Silva et al., 2021b;

Gorrasi et al., 2020; De-la-Torre and Aragaw, 2020) Contribution of microfibres
and hazardous chemical compounds released from disposable facemasks
(Sullivan et al., 2021; Saliu et al., 2021)

Biological compartment

Decrease deforestation (Chakraborty and Maity, 2020) Decreased wildlife trade
(Chakraborty and Maity, 2020) Decreased wildlife-vehicle collision (Shilling et al.,
2021) Decreased wildlife observation in South Africa (Rose et al., 2020) Decreased
pressure on fish and other aquatic lives (Loh et al., 2021; Qarani, 2020) Decreased
fire occurrence, with vegetation recovery (Qarani, 2020) Increased animal
movements (Qarani, 2020; Lombrana, 2020; Child, 2020) Resurgence of
endangered species (e.g., leatherback sea turtles, reef-fish) (Edward et al., 2021;
Geggel, 2020)

Increase in aggressive, synanthropic predators (e.g., crows) in natural coastlines,
altering animal assemblage structure (e.g., small mammals, reptiles, crustaceans)
(Gilby et al., 2021) Wildlife interaction with PPE (ingestion, entanglement, amongst
others) (Hiemstra et al., 2021) Increased in opportunistic species such as rodents
(Bedoya-Pérez et al., 2020), with modulation of their behaviour (Manda, 2020)
Increased susceptibility of wildlife (e.g., mammals) to virus (including
SARS-CoV-2) infection (Barbosa et al., 2021), and COVID-19 pneumonia (Nabi and
Khan, 2020) Higher ecotoxicological risk associated with antiviral drugs (e.g.,
favipiravir, lopinavir, umifenovir and ritonavir) and disinfectants (Kuroda et al.,
2021; Zhang et al., 2020; da Luz et al., 2021; Mendonca-Gomes et al., 2021)
Foodborne transmission of SARS-CoV-2 through animal products (Hu et al., 2021)
Microfibres released from facemasks induced ecotoxicity on soil invertebrates
(springtails and earthworms) (Kwak and An, 2021) Increased insecurity on food
provisioning (e.g., travel limitations decreased assess to essential raw materials for
farming activities) in the first semester (Senten et al., 2020; Swinnen and
McDermott, 2020; Adelodun et al., 2021) Delays on the 15th conference of the
parties (COP) of the UN Convention on Biological Diversity (Ortiz et al., 2021)

oxide (CO), ammonia (NH3) and fine particulate matter (PM2.5, PM10),
reduced substantially (30-60%) in highly populated cities (Li et al.,
2020b; Rodriguez-Urrego and Rodriguez-Urrego, 2020; Barceld, 2020).
For example, Delhi (India) reported a reduction in PM10, PM 2.5, SO,,
NO,, CO, and NHj; concentrations by 52, 53, 18, 53, 30, and 12%, re-
spectively, in March 2020 comparatively to the same months in 2019
(Bhat et al., 2021).

A similar trend was also observed in carbon dioxide (CO,) emissions.
For example, China dropped their CO, emission by 18.7% (182 Mt) com-
pared to the first 2019’s quarter, with a significant share (61.9%) related
to the transport sector. A sudden drop in CO, emission (up to 40%) was
also observed in several regions of Italy (Fattorini and Regoli, 2020),
S3ao Paulo (Brazil) (Freitas et al., 2020), Barcelona (Spain) (Tobias et al.,
2020), and Kuala Lumpur (Malaysia) (Suhaimi et al., 2020). According
to UK based climate science and policy website Carbon Brief, COVID-

19 anthropause could have cut 1600 t of CO,, equivalent to 4% of the
global total in 2019 (Evans 2020).

Another change is related to ozone recovery. During the lockdown
period (March and April 2020), unprecedented healing of the ozone hole
was observed, which is reported by Copernicus Atmosphere Monitoring
Service (CAMS) (Lopez, 2021)

Watercourses also showed signs of recovery in the first stage of
the pandemic. For example, 29 waterways in Malaysia (Goi, 2020),
Ganga River (India) (Dutta et al., 2020), and Venice lagoon (Italy)
(Braga et al., 2020) revealed a generalised improvement in their wa-
ter quality indexes (i.e., turbidity). Such water quality improvement
could be related to a decrease in water acidification due to the decline
in atmospheric NO, and CO, which often ends up in the water com-
partments, through acid rain or surface absorption (Ong et al., 2021;
Liikewille and Alewell, 2008); or through the decrease in hazardous
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chemicals release, via industrial activities, tourism, and water-traffic
(Dutta et al., 2020; Yunus et al., 2020). The reduction in water-traffic,
fisheries, and tourism, also resulted in a decrease in water acoustic noise
(Thomson and Barclay, 2020), allowing aquatic species that rely on
eco-localization (e.g., cetaceans) to reclaim habitats (as reviewed by
Ong et al., 2021; Loh et al., 2021).

The decrease in human activities related to strong environmen-
tal interference resulted in decreased wildlife-human interactions (col-
lision, trade/predation, observation) (Chakraborty and Maity, 2020;
Shilling et al., 2021; Rose et al., 2020). Some species increased
their movements (Qarani, 2020), while others (endangered) seemed
to resurge (Edward et al., 2021). Numerous wildlife animals ventured
into the cities during the lockdown (e.g., deer’s, wild pigs, amongst
others) as reported by several media (e.g., (BBC, 2020). In addition,
vegetation recovery was also observed, primarily due to ceasing de-
forestation activities and a decline of fire outbreaks (Chakraborty and
Maity, 2020; Qarani, 2020). The number of human-induced active fires
indeed declined during COVID-19 lockdown, as observed, for instance,
in some U.S. states (Poulter et al., 2021), Nepal (Paudel, 2021), and
some Southern-European countries (Rodrigues et al., 2020).

Negative effects of COVID-19 pandemic on the environment — an
intimidating journey

As the economy is slowly re-established, the mode “business-as-
usual” became a reality, revoking the positive environmental effects ev-
idenced in the early stages of the pandemic. For example, despite the
sharp drops early in the first semester (by June 2020), global emissions
of CO, seemed to bounce back to average (pre-COVID-19) values in the
second semester (by October 2020) (Tollefson, 2021; Liu et al., 2020).
This is also predictable for air pollutants, such as SO,, NO,, and fine
particulate matter (PM), with an aggravated scenario as such pollutants
have the potential to threaten human and animal health by contributing
to pathogen spreading and consequent higher infections (as reviewed by
Facciola et al., 2021).

With the COVID-19 pandemic persistence, wastewater effluents
ended up increasing substantially (Qarani, 2020), containing mas-
sive loads of disinfectants (Silva et al., 2021a), soaps, and detergents
(Chirani et al., 2021) to reduce virus transmission, along with antimi-
crobials (Kumar et al., 2021) and antiviral drugs (Kuroda et al., 2021)
to deal with the disease symptoms. For example, from the outbreak un-
til 2020 March, the city of Wuhan (China) dispensed at least 2000 tons
of disinfectants (Zhang et al., 2020). It is estimated that from the be-
ginning of the pandemic, around 50% more soaps and detergents is re-
leased every day in wastewater from households, commercial activities,
and medical institutions, comparing the pre-pandemic period (SanJuan-
Reyes et al., 2021). Once in the aquatic environment, surfactants and
disinfection by-products are persistent, bioaccumulative, and toxic to
aquatic species [41].

Wastewater samples collected from the wastewater treatment plant
(WWTP) of Athens (Greece), before (2019) and during the COVID-19
pandemic (2020), revealed a remarkable increase in antiviral drugs
(170%), antibiotics (57%), and hydroxychloroquine (387%), which are
most pharmaceutical drugs applied to treat COVID-19, along with parac-
etamol (198%) (Galani et al., 2021). In addition to the pharmaceuticals
potential ecotoxicity (Galani et al., 2021), it can increase microorgan-
ism’s antidrug resistance (ADR) (Kumar et al., 2021), thus imposing a
severe threat to human and animal health.

Concomitantly, there is also a possibility of coronavirus transmis-
sion through urban water cycles (in bioaerosols or sludges) to natural
environments (e.g., waterways and soils) (Kumar et al., 2020; Ji et al.,
2021). For example, the SARS-CoV-2 virus can remain stable for up to
25 days, and highly contaminated freshwater systems can provide infec-
tious doses (e.g., >100 viral copies per 100 ml of water) (Shutler et al.,
2020). SARS-CoV-2 can also be found in soil (i.e., up to 550 copies/g),
which persistence is highly dependant on soil parameters (e.g., mois-
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ture) (Anand et al., 2021). The possible contamination routes on both
soil and water systems remain, however, poorly covered, although be-
ing expected a potential infection of organisms on such contaminated
sites.

The presence of SARS-CoV-2 in organisms raises concerns regard-
ing cross-species transmission. In fact, coronaviruses such as SARS-CoV
and MERS-CoV, have a long history of cross-species transmission (e.g.,
Zhou et al., 2018; Li et al., 2005); and the SARS-CoV-2 virus was already
detected in a wide vertebrate host range (Barbosa et al., 2021), including
pets and wild carnivores (Sharun et al., 2021). Reports of SARS-CoV-2
infection in domestic and wild animal species is getting increased at-
tention to determine if SARS-CoV-2 (or related coronaviruses) can get
established in animal populations, which may eventually act as viral
reservoirs (Nabi and Khan, 2020).

The pandemic has also created new challenges for species that have
become reliant on food discarded or provided by humans. For example,
during the lockdowns, various urban-dwelling animals, like rats, gulls,
and monkeys, were forced to find food outside urban areas (Rutz et al.,
2020). In fact, an increase in aggressive synanthropic predators (e.g.,
crows) was observed in natural coastlines, which altered local ani-
mal assemblage structure (e.g., small mammals, reptiles, crustaceans)
(Gilby et al., 2021). Concomitantly, reduced human presence in more
remote areas may potentially expose endangered species (e.g., rhinos,
or top-demanded species in illegal trade) to increased risk of poaching
(as reviewed by Rutz et al., 2020).

Lockdowns and consequent disruption of food production and trans-
portation chains have also affected animal farming and threatened food
provision to populations from developing countries. It is predicted that
the disruption of food production and transportation chains is resulting
in higher human casualties from hunger and starvation than from the
disease itself (FSIN, 2020), with a similar prediction extended to animal
farming (e.g., aquaculture, aquaponics (Senten et al., 2020)). Besides,
livestock that could not be transported to slaughterhouses for human
food processing due to a combined lack of transportation and workers
at the slaughterhouses resulted in crowded farms and, to some extent,
to animal sacrifice and incorrect disposal of their carcasses (e.g., buried
or incinerated), increasing potential biosecurity risks and detrimental
effects on the environment (Marchant-Forde and Boyle, 2020).

Despite the improvement in air and water quality in the first pan-
demic trimester (with the potential to improve the quality of crops),
the shortages on production products (e.g., seeds, fertilizers, pesticides),
limited agricultural activities that required human involvement (e.g.,
planting, collecting), restrictions in transportation and movements of
goods and workers, are all contributing to shortcomings in food avail-
ability and provisioning (Poch et al., 2020). In the longer run, higher
emphasis might be given to local food production to reduce imports and,
consequently, the transport of products. Such transition would reduce
CO,, but it can also lead to intensive cultivation of vulnerable areas and
soil degradation if not properly managed.

Environmental implication of single-use plastics-is plastic pollution a major
issue?

When considering the negative effect of the COVID-19 pandemic
in the environment in the longer run, a significant share of the lit-
erature highlights “plastic pollution” as a major issue. Indeed, the
COVID-19 pandemic has exacerbated the dependence on single-use plas-
tics, particularly in the packaging, food safety, and healthcare sectors
(Parashar and Hait, 2021). Although the general production of single-
use plastics (SUP), mainly packaging, decreased drastically from April to
June, it followed an increase when its production returned to “business-
as-usual” (from July to October 2020) (EEA, 2021). E-commerce expe-
rienced an increase in revenue of 16% above “business-as-usual” levels
between March and September 2020, which might have led to an in-
crease in the volume of plastics used for packaging (an estimated ad-
dition of 11,400-17,600 tonnes of plastic packaging in the same pe-
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riod) that was supposed to be targeted by the reduction plastic policies
(EEA, 2021).

Another influence of the COVID-19 pandemic has been related
to the increased use and consumption of personal protective equip-
ment (PPE), such as face masks, goggles, and gloves, in medical set-
tings and by common citizens. The use of specific PPE (namely face
masks) became recommended or mandatory to avoid the spread of the
virus (SARS-CoV-2) (Parashar and Hait, 2021). The worldwide high de-
mand and consumption patterns for these items (which increased by
more than 300%) resulted in considerable challenges to plastic waste
management (Silva et al., 2020) and aggravated environmental plas-
tic pollution (Silva et al., 2021). With a significant load of poten-
tially infected medical plastic waste produced in a household environ-
ment, the international and statewide guidelines prioritised incinera-
tion and landfilling of ashes to ramp-up waste processing (as reviewed
by Parashar and Hait, 2021). This fact has even raised illegal plastic
waste disposal (e.g., open dumps or unregulated landfills) by 280%
worldwide (Reportlinker 2021) which inherently alters adjacent habi-
tats and promotes plastic leakage. COVID-19 plastic waste, particularly
PPE items, is already piling up in natural environments due to plas-
tic leakage from waste facilities or intentional littering (Silva et al.,
2021c). In addition, the number of volunteers doing clean-ups de-
creased substantially (near 91% in the U.S. (Hart, 2021)). Therefore,
an amount of 0.15 to 0.39 million tons of PPE waste has been fore-
casted as entering the ocean during the first year of the pandemic
(Chowdhury et al., 2021).

Several monitoring studies on COVID-19 plastic waste, particularly
PPE, have been conducted in several urban and natural areas (Table 1),
where densities can vary from 0.001 items/m? up to 0.1 items/m? in
beach transects. PPE densities and distribution are often related to pop-
ulation density frequenting the area, points of convergence of anthro-
pogenic activity, and implemented interventions to deal with COVID-
19. For example, in Peru, recreational beaches presented the high-
est number of PPE items (73%), followed by surfing (24.6%), fishing
and inaccessible beaches (< 1%) (De-la-Torre et al., 2021). Toronto,
Canada, presented a higher number of PPE items in parking lots of large
grocery stores and hospitals than residential trails (ca 5 and 2 times
higher, respectively) (Ammendolia et al., 2021). In the UK, PPE pro-
portion accounted for up to 5% of plastic litter, whereas in the Nether-
lands and Sweden, the proportion of PPE did not generally exceed 1%
(Roberts et al., 2021). Sweden even recorded no COVID-related litter
in multiple months, which is not surprising as Sweden did not imple-
ment the usage of face masks or mandatory closures throughout the
pandemic, opposite to what happened in, for instance, the UK (as re-
viewed by Roberts et al., 2021).

A schematic representation of sources, fate, and effects of PPE on
natural biota can be depicted in Fig. 1. Briefly, PPE can directly affect
organisms via, for instance, ingestion, entanglement, and nest materials
in the case of birds; or can indirectly affect organisms through the re-
lease of hazardous contaminants (e.g., metals, plasticizers, surfactants
as reviewed by Patricio Silva et al. (Silva et al., 2021c). Several species
such as seagulls (Larus sp.), peregrine falcons (Falco peregrinus), crows
(Corvus corone), white storks (Ciconia ciconia), foxes (Vulpes vulpes),
cats (Felis catus), and dogs (Canis lupus familiaris) seemed to interact
with PPE macro-litter (as reviewed by Hiemstra et al., (Hiemstra et al.,
2021) and data available at https://www.covidlitter.com). Some inter-
actions result in chronic effects, such as restricting feeding to the point of
starvation, facilitating predation, exhausting the animal, causing suffo-
cation, infections, severe wounds, and amputations (Silva et al., 2021c).
In aggravated cases, it can even result in organism’s death. PPE waste in
the bird’s nest structure can also alter thermal and drainage properties,
influencing reproductive success (Thompson et al., 2020). In addition, as
polymeric and lipophilic materials, PPE litter can adsorb environmen-
tal contaminants (Anastopoulos and Pashalidis, 2021) and pathogens
(Luksamijarulkul et al., 2014), including SARS-type (Kasloff et al.,
2020). Thus, frequent ingestion of PPE litter can decrease organisms
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health due to physical effects and potential chemical body-burdens, as
observed in Seagulls (Seif et al., 2018). Although the fraction of haz-
ardous chemicals (e.g., hydrophobic organics) sorbed by plastic debris
seems to be low compared to natural particles, particularly in aquatic
environments (see Koelmans et al., 2016); their role as vectors increases
when its higher mobility is considered, contributing to long-range envi-
ronmental transport and affect remote locations (Gouin, 2021).

Littered PPE, along with other single-use plastic-based items such as
wet wipes, can also be transported by weather conditions into drains and
sewerage systems, resulting in potential blockages while entangled with
other solids (e.g., leaf litter) (Silva et al., 2021b) and will also negatively
affect water percolation and normal agricultural soils aeration, with po-
tential repercussions on land productivity. Considering that landfilling
increased significantly to deal with COVID-19 plastic waste (e.g., as in
Tehran (Iran), by 35% Zand and Heir, 2020), it can result in significant
geomorphological changes and, in the long-term, aggravate the release
of hazardous contaminants through biogas and leachates, to the atmo-
sphere or adjacent aquatic and/or terrestrial environments, respectively
(Silva et al., 2021b). The high use and consumption patterns of plastics
and the prioritization of unsustainable plastic waste options (i.e., incin-
eration) are likely contributing to the increment of CO, (Klemes et al.,
2020).

There is scarce data about the potential degradation and toxicolog-
ical effect of PPE. Buried (e.g., landfilled) or in water compartments,
littered PPE will undergo fragmentation and biodegradation due to
physicochemical and biochemical processes while releasing a myriad
of micro(nano)plastics and leachable hazardous chemicals such as plas-
ticizers, metals, organophosphate esters, as recently reported in labo-
ratory conditions (Saliu et al., 2019; Sullivan et al., 2021; Wang et al.,
2021; Fernandez-Arribas et al., 2021). The only available data suggests
that disposable face masks (as individual layers or as a blend) can eas-
ily decompose in natural topsoils (75% of the water holding capacity,
25 °C), with a mean residence time of 2 to 3 days, releasing approxi-
mately 3 to 5% of the total masque carbon as CO, (Knicker and Velasco-
Molina, 2021). In addition, the release of polypropylene microfibres
resultant from the mechanical fragmentation of disposable face masks
(1 g/kg soil) decreased reproduction and growth of springtails (Folsomia
candida) by 48% and 92%, respectively (Kwak and An, 2021). In earth-
worms (Eisenia andrei), acute exposure to such microfibres decreased
esterases activity by 62% (enzymes actively involved in the resistance
of several contaminants such as insecticides (Montella et al., 2012)
and spermatogenesis (vital for earthworms reproduction) (Kwak and
An, 2021). The effects observed could result from the physical damage
caused by microfibres, as ingestion was observed for both macroinver-
tebrates; and/or due to the chemical toxicity induced by PPE leachates.
Although the ecotoxicological effect of microfibres was studied in con-
centrations higher than the values reported in the environment, it does
not rule out cumulative/generational adverse effects. An alteration of
soil community structure and composition, in the long run, would im-
pair essential soil ecosystem services and functions, resulting in signifi-
cant ecological and economical damages.

Besides the above-mentioned effects, there is also an increase in
the environmental footprint related to the massive production, distri-
bution, and waste (mis)management of COVID-19 single-use-plastics
(PPE). For example, the estimated carbon footprint of PPE distributed
for use by health and social care services in England during 2020 first
semester was approximately 106 thousand tonnes CO,eq, representing
0.8% of the entire carbon footprint of health and social care in England
during six months of normal activity (estimated at 27 million tonnes
CO,eq/year in 2018) (Rizan et al., 2021). Nevertheless, such estimations
did not account for the “end-of-life” options of these items. Therefore,
COVID-19 related single-use PPE plastics (SUP-PPE) and their ramifi-
cations (from production to waste management, persistence in the en-
vironment, adverse effects to different biological systems) are the ma-
jor threats to environmental compartments on a short- and long-term
basis.
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Fig. 1. Source, fate, and effects of personal protective equipment in aquatic and terrestrial environments.

Table 2
Occurrence and density of personal protective equipment in urbanized areas and natural environments during the COVID-19 pandemic.

Location Sampling sites Number of items Refs.

Lima; Peru 11 beaches 7.44 x 10~* items/m? De-la-Torre et al. (2021)

Jacarta bay; Indonesia
Kwale, Kilifi, Mombasa; Kenya

Soko island; Japan
Cox’s Bazar; Bangladesh
Bushehr; Iran

Toronto; Canada

Cilincing and Marunda river mouths
Beaches (sediments and water), and streets

100 m beach

One beach (13 sampling sites; 12 weeks)

Sandy beaches (S1, S4, S7-S9) Rocky beaches (S3, S5, S6)
Parking lots, hospitals, residential areas

~254.7 - 246 items/day

Streets: 0.01 item/m? Beaches: 0.1
items/m?

7 x 1073 items/m?

6.29 x 10~* items /m?2

~54 items/m? for 40 days

0.001 items/m?/day or 6.5 items/day.

Cordova et al. (2021)
Okuku et al. (2021)

Stokes (2020)

Rakib et al. (2021)
Akhbarizadeh et al. (2021)
Ammendolia et al. (2021)

Chile 12 tourist beaches from northern and central Chile

Cape Town and Durban; South Africa ~ Urban environments

Parking lots and hospitals
(1.60-1.33 x 1072 items/m?)
Residential areas (2.9-2.7 x 10™* /m?)
0.006 + 0.002 items/m?
2271 (11.4 + 4.4 items/100 m/~day) to
3741 items (18.7 £ 9.6
items/100 m/«day) but <1% comprised
PPE.

Thiel et al. (2021)
Ryan et al. (2020)

Final remarks and future perspectives

COVID-19 pandemic is affecting the environment and human lives at
a pace without precedents. The anthropause induced positive but short-
term impacts at an early stage, such as reduced GHG emissions and de-
creased pressure on natural resources. However, those improvements
fell short of the current sustainable goals, and soon as the human ac-
tivities went back to “business-as-usual”, such environmental improve-
ments receded, returning to their pre-COVID levels or, in some cases,
aggravating, as observed for plastic waste mismanagement.

The recovery of the lost environment during COVID-19 lock-
down indicates that the environmental degradation caused by hu-
mans is reversible, and mitigation strategies should be prioritised
and implemented to recreate such “accidentally positive” scenar-
ios. A good example is the concept of “smart city” (such as Sin-
gapore, Seul, Helsinki and Zurich; https://www.imd.org/smart-city-
observatory/home/). Such smart cities are implementing smart mobility
(connected and free of GHG emissions) for their citizens, along with the
construction of energetically efficient homes and buildings, integrated

technology to monitor wildlife and natural environments, to improve
air and water quality, and for the implementation of efficient waste col-
lection and treatment to reduce litter, waste of energy and resources,
and costs.

Another step is to replace conventional plastics with greener alterna-
tives (as reviewed by Iroegbu et al., 2021), as already prioritized by sev-
eral international initiatives such as the European Strategy for Plastics in
a Circular Economy (as reviewed by Silva et al., 2020). Considering PPE
particularly, the use of reusable or biodegradable alternatives (e.g., cot-
ton masks and gluten-based masks, respectively) have been incentivised,
along with their proper disinfection (e.g., via steam) and discard on ded-
icated waste-bins collectors. Effective public health programs through a
“One Health Approach” are also important in addressing and managing
pandemic scenarios (Legido-Quigley et al., 2020). Governmental agen-
cies have already adopted one Health framework in the ASEAN Mem-
ber States (e.g., the Philippines and Vietnam), where early warning sys-
tems, wildlife surveillance, education and public awareness campaigns,
and inter-agency coordination are being implemented with positive eco-
nomic and social outcomes (e.g., Agency, 2020) Table 2.


https://www.imd.org/smart-city-observatory/home/

A.L. Patricio Silva, A. Tubié, M. Vujic et al.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have influenced the work
reported in this paper.

Acknowledgements

Thanks to CESAM (UIDP/50017,/2020 + UIDB/50017/2020), with
the financial support from FCT/MCTES through national funds and to
the Programme for Cooperation in Science between Portugal and Serbia
2020-2022, project “Investigation of microplastic influence on water
resources”.

ALLP.S. was funded by Portuguese Science Foundation (FCT)
through CEECIND/01366/2018 research contract under POCH funds,
co-financed by the European Social Fund and Portuguese National Funds
from MEC.

References

Abbasi, S.A., Khalil, A.B., Arslan, M., 2020. Extensive use of face masks during COVID-
19 pandemic: (micro-)plastic pollution and potential health concerns in the Arabian
Peninsula. Saudi J. Biol. Sci. 27, 3181-3186. doi:10.1016/j.5jbs.2020.09.054.

Adelodun, B., Kareem, K.Y., Kumar, P., Kumar, V., Choi, K.S., Yadav, K.K., Yadav, A.,

El-Denglawey, A., Cabral-Pinto, M., Son, C.T., Krishnan, S., Khan, N.A., 2021. A re-

view on mechanistic understanding of the COVID-19 pandemic and its impact on sus-

tainable agri-food system and agroecosystem decarbonization nexus. J. Clean. Prod.,

128451 doi:10.1016/j.jclepro.2021.128451.

Agency, ASEAN’s ‘One Health’ approach: cost of preventing pandemics is 2%

of COVID-19 damage., (2020). https://pia.gov.ph/news/articles/1060631 (accessed

June 17, 2021).

Akhbarizadeh, R., Dobaradaran, S., Nabipour, I., Tangestani, M., Abedi, D., Javan-
fekr, F., Jeddi, F., Zendehboodi, A., 2021. Abandoned Covid-19 personal pro-
tective equipment along the Bushehr shores, the Persian Gulf: an emerging
source of secondary microplastics in coastlines. Mar. Pollut. Bull. 168, 112386.
doi:10.1016/j.marpolbul.2021.112386.

Ammendolia, J., Saturno, J., Brooks, A.L., Jacobs, S., Jambeck, J.R., 2021. An emerg-
ing source of plastic pollution: environmental presence of plastic personal protective
equipment (PPE) debris related to COVID-19 in a metropolitan city. Environ. Pollut.
269, 116160. doi:10.1016/j.envpol.2020.116160.

Anand, U., Bianco, F., Suresh, S., Tripathi, V., Ntfez-Delgado, A., Race, M., 2021. SARS-
CoV-2 and other viruses in soil: an environmental outlook. Environ. Res. 198, 111297.
doi:10.1016/j.envres.2021.111297.

Anastopoulos, I., Pashalidis, I., 2021. Single-used surgical face masks, as a potential source
of microplastics: do they act as pollutant carriers? J. Mol. Liq., 115247.

Barbosa, A., Varsani, A., Morandini, V., Grimaldi, W., Vanstreels, R.E.T., Diaz, J.I.,
Boulinier, T., Dewar, M., Gonzélez-Acuiia, D., Gray, R., McMahon, C.R., Miller, G.,
Power, M., Gamble, A., Wille, M., 2021. Risk assessment of SARS-CoV-2 in Antarctic
wildlife. Sci. Total Environ. 755, 143352. doi:10.1016/j.scitotenv.2020.143352.

Barcel6, D., 2020. An environmental and health perspective for COVID-19 out-
break: meteorology and air quality influence, sewage epidemiology indicator,
hospitals disinfection, drug therapies and recommendations. JECE 8, 104006.
doi:10.1016/j.jece.2020.104006.

Barclay, D.R., Thomson, D., 2021. An update to real-time observations of the impact of
COVID-19 on underwater sound. J. Acoust. Soc. Am. 149. doi:10.1121/10.0004604,
A88-A88.

Bashir, M.F., Ma, B., Bilal, B.Komal, Bashir, M.A., Tan, D., Bashir, M., 2020. Correlation
between climate indicators and COVID-19 pandemic in New York, USA. Sci. Total
Environ. 728, 138835. doi:10.1016/j.scitotenv.2020.138835.

BBC, Coronavirus: wild animals enjoy freedom of a quieter world, (2020).
https://www.bbc.com/news/world-52459487 (accessed November 17, 2021).

Bedoya-Pérez, M., Ward, M., Loomes, M., Crowther, M., 2020. Hunger Pan-
demic: urban Rodents’ Boom and Bust During COVID-19. Research Square
doi:10.21203/rs.3.rs-111434/v1.

Bhat, S.A., Bashir, O., Bilal, M., Ishaq, A., Dar, M.U.D., Kumar, R., Bhat, R.A., Sher, F.,
2021. Impact of COVID-related lockdowns on environmental and climate change sce-
narios. Environ. Res. 195, 110839. doi:10.1016/j.envres.2021.110839.

Braga, F., Scarpa, G.M., Brando, V.E., Manfe, G., Zaggia, L., 2020. COVID-19 lockdown
measures reveal human impact on water transparency in the Venice Lagoon. Sci. Total
Environ. 736, 139612. doi:10.1016/j.scitotenv.2020.139612.

Carrillo-Reyes, J., Barragan-Trinidad, M., Buitrén, G., 2021. Surveillance of SARS-CoV-
2 in sewage and wastewater treatment plants in Mexico. J. Water Process. Eng. 40,
101815. doi:10.1016/j.jwpe.2020.101815.

Chakraborty, I., Maity, P., 2020. COVID-19 outbreak: migration, effects on society, global
environment and prevention. Sci. Total Environ. 728, 138882.

Chen, X., Lei, L., Liu, S., Han, J., Li, R, Men, J., Li, L, Wei, L., Sheng, Y.,
Yang, L., Zhou, B., Zhu, L., 2021. Occurrence and risk assessment of pharma-
ceuticals and personal care products (PPCPs) against COVID-19 in lakes and
WWTP-river-estuary system in Wuhan, China. Sci. Total Environ. 792, 148352.
doi:10.1016/j.scitotenv.2021.148352.

P.L

—

Journal of Hazardous Materials Advances 5 (2022) 100041

Child D., The positive impacts on the environment since the coronavirus Lock-
down began. Evening Standard., (2020). https://www.standard.co.uk/news/world/
positive-impact-environment-coronavirus-lockdown-a4404751.html (accessed July
15, 2021).

Chirani, M.R., Kowsari, E., Teymourian, T., Ramakrishna, S., 2021. Environmental
impact of increased soap consumption during COVID-19 pandemic: biodegrad-
able soap production and sustainable packaging. Sci. Total Environ. 796, 149013.
doi:10.1016/j.scitotenv.2021.149013.

Chowdhury, H., Chowdhury, T., Sait, S.M., 2021. Estimating marine plastic pollution
from COVID-19 face masks in coastal regions. Mar. Pollut. Bull. 168, 112419.
doi:10.1016/j.marpolbul.2021.112419.

Cordova, M.R., Nurhati, L.S., Riani, E., et al., 2021. Unprecedented plastic-made per-
sonal protective equipment (PPE) debris in river outlets into Jakarta Bay during
COVID-19 pandemic. Chemosphere 268, 129360. doi:10.1016/j.chemosphere.2020.
129360.

da Luz, T.M., da C. Aragjo, A.P., Estrela, F.N., Braz, H.L.B., Jorge, R.J.B., Charlie-Silva, I.,
Malafaia, G., 2021. Can use of hydroxychloroquine and azithromycin as a treatment
of COVID-19 affect aquatic wildlife? A study conducted with neotropical tadpole. Sci.
Total Environ. 780, 146553. doi:10.1016/j.scitotenv.2021.146553.

De-la-Torre, G.E., Aragaw, T.A., 2020. What we need to know about PPE associated with
the COVID-19 pandemic in the marine environment. Mar. Pollut. Bull. 163, 111879.
doi:10.1016/j.marpolbul.2020.111879.

De-la-Torre, G.E., Rakib, M.R.J., Pizarro-Ortega, C.I., Dioses-Salinas, D.C., 2021. Oc-
currence of personal protective equipment (PPE) associated with the COVID-
19 pandemic along the coast of Lima, Peru. Sci. Total Environ. 774, 145774.
doi:10.1016/j.scitotenv.2021.145774.

Drury, J., Carter, H., Ntontis, E., Guven, S.T., 2020. Public behaviour in response to the
COVID-19 pandemic: understanding the role of group processes. Bjpsych Open 7, e11.
doi:10.1192/bj0.2020.139.

Dutheil, F., Baker, J.S., Navel, V., 2020. COVID-19 as a factor influencing air pollution?
Environ. Pollut. 263, 114466. doi:10.1016/j.envpol.2020.114466.

Dutta, V., Dubey, D., Kumar, S., 2020. Cleaning the River Ganga: impact of lockdown
on water quality and future implications on river rejuvenation strategies. Sci. Total
Environ. 743, 140756. doi:10.1016/j.scitotenv.2020.140756.

Edward, J.K.P., Jayanthi, M., Malleshappa, H., Jeyasanta, K.I., Laju, R.L., Patterson, J.,
Raj, K.D., Mathews, G., Marimuthu, A.S., Grimsditch, G., 2021. COVID-19 lockdown
improved the health of coastal environment and enhanced the population of reef-fish.
Mar. Pollut. Bull. 165, 112124. doi:10.1016/j.marpolbul.2021.112124.

EEA, Impacts of COVID-19 on single-use plastic in Europe’s environment, (2021).
https://www.eea.europa.eu/publications/impacts-of-covid-19-on (accessed June 22,
2021).

ESA, Coronavirus lockdown leading to drop in pollution across Europe, (2020).
https://www.esa.int/Applications/Observing_the Earth/Copernicus/Sentinel-5P/
Coronavirus_lockdown _leading_to_drop_in_pollution_across_Europe (accessed July 14,
2021).

Evans, 2020. Global Emissions analysis: Coronavirus Set to Cause Largest Ever Annual
Fall in CO, Emissions. Carbon Brief 4 September 2020.https://www.carbonbrief.or
g/analysis-coronavirus-set-to-cause-largest-ever-annual-fall-in-co2-emissions. ~ (ac-
cessed June 16, 2021).

Facciola, A., Lagana, P., Caruso, G., 2021. The COVID-19 pandemic and its implications
on the environment. Environ. Res. 201, 111648. doi:10.1016/j.envres.2021.111648.

Faridi, S., Niazi, S., Sadeghi, K., Naddafi, K., Yavarian, J., Shamsipour, M.,
Jandaghi, N.Z.S., Sadeghniiat, K., Nabizadeh, R., Yunesian, M., Momeniha, F.,
Mokamel, A., Hassanvand, M.S., MokhtariAzad, T., 2020. A field indoor air measure-
ment of SARS-CoV-2 in the patient rooms of the largest hospital in Iran. Sci. Total
Environ. 725, 138401. doi:10.1016/j.scitotenv.2020.138401.

Fattorini, D., Regoli, F., 2020. Role of the chronic air pollution levels in the Covid-19 out-
break risk in Italy. Environ. Pollut. 264, 114732. doi:10.1016/j.envpol.2020.114732.

Fernandez-Arribas, J., Moreno, T., Bartroli, R., Eljarrat, E., 2021. COVID-19 face masks: a
new source of human and environmental exposure to organophosphate esters. Envi-
ron. Int. 154, 106654. doi:10.1016/j.envint.2021.106654.

Ficetola, G.F., Rubolini, D., 2020. Climate affects global patterns of COVID-19
early outbreak dynamics. Sci. Total Environ. 761, 1-15. doi:10.1101/2020.03.23.
20040501.

Freitas E.D., Ibarra-Espinosa S.A., Gavidia-Calder6n M.E., Rehbein A., Rafee S.A.A., Mar-
tins J.A., Martins, L.D. Santos U.P., Ning M.F., Andrade M.F., Trindade R.LF., Mobility
restrictions and air quality under COVID-19 Pandemic in S&o Paulo, Brazil, Preprints
2020, 2020040515, doi:10.20944/preprints202004.0515.v1.

Galani, A., Alygizakis, N., Aalizadeh, R., Kastritis, E., Dimopoulos, M.-.A., Thomaidis, N.S.,
2021. Patterns of pharmaceuticals use during the first wave of COVID-19 pandemic
in Athens, Greece as revealed by wastewater-based epidemiology. Sci. Total Environ.
798, 149014. doi:10.1016/j.scitotenv.2021.149014.

Garcia-Avila, F., Valdiviezo-Gonzales, L., Cadme-Galabay, M., Gutiérrez-Ortega, H.,
Altamirano-Cardenas, L., Arévalo, C.Z.-, del Pino, L.F., 2020. Considerations
on water quality and the use of chlorine in times of SARS-CoV-2 (COVID-
19) pandemic in the community. Case Stud. Chem. Environ. Eng. 2, 100049.
doi:10.1016/j.cscee.2020.100049.

Geggel L., Baby leatherback sea turtles thriving due to COVID-19 beach re-
strictions. Live Science., (2020). https://www.livescience.com/leatherback-
sea-turtle-babies-thrive-covid-19-pandemic.html (accessed July 15, 2021).

Gilby, B.L., Henderson, C.J., Olds, A.D., Ballantyne, J.A., Bingham, E.L., Elliott, B.B.,
Jones, T.R., Kimber, O., Mosman, J.D., Schlacher, T.A., 2021. Potentially negative
ecological consequences of animal redistribution on beaches during COVID-19 lock-
down. Biol. Conserv. 253, 108926. doi:10.1016/j.biocon.2020.108926.


https://doi.org/10.1016/j.sjbs.2020.09.054
https://doi.org/10.1016/j.jclepro.2021.128451
https://pia.gov.ph/news/articles/1060631
https://doi.org/10.1016/j.marpolbul.2021.112386
https://doi.org/10.1016/j.envpol.2020.116160
https://doi.org/10.1016/j.envres.2021.111297
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0069
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0069
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0069
https://doi.org/10.1016/j.scitotenv.2020.143352
https://doi.org/10.1016/j.jece.2020.104006
https://doi.org/10.1121/10.0004604
https://doi.org/10.1016/j.scitotenv.2020.138835
https://www.bbc.com/news/world-52459487
https://doi.org/10.21203/rs.3.rs-111434/v1
https://doi.org/10.1016/j.envres.2021.110839
https://doi.org/10.1016/j.scitotenv.2020.139612
https://doi.org/10.1016/j.jwpe.2020.101815
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0025
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0025
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0025
https://doi.org/10.1016/j.scitotenv.2021.148352
https://www.standard.co.uk/news/world/positive-impact-environment-coronavirus-lockdown-a4404751.html
https://doi.org/10.1016/j.scitotenv.2021.149013
https://doi.org/10.1016/j.marpolbul.2021.112419
https://doi.org/10.1016/j.chemosphere.2020.\penalty -\@M 129360
https://doi.org/10.1016/j.scitotenv.2021.146553
https://doi.org/10.1016/j.marpolbul.2020.111879
https://doi.org/10.1016/j.scitotenv.2021.145774
https://doi.org/10.1192/bjo.2020.139
https://doi.org/10.1016/j.envpol.2020.114466
https://doi.org/10.1016/j.scitotenv.2020.140756
https://doi.org/10.1016/j.marpolbul.2021.112124
https://www.eea.europa.eu/publications/impacts-of-covid-19-on
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P/Coronavirus_lockdown_leading_to_drop_in_pollution_across_Europe
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0017
https://doi.org/10.1016/j.envres.2021.111648
https://doi.org/10.1016/j.scitotenv.2020.138401
https://doi.org/10.1016/j.envpol.2020.114732
https://doi.org/10.1016/j.envint.2021.106654
https://doi.org/10.1101/2020.03.23.\penalty -\@M 20040501
https://doi.org/10.20944/preprints202004.0515.v1
https://doi.org/10.1016/j.scitotenv.2021.149014
https://doi.org/10.1016/j.cscee.2020.100049
https://www.livescience.com/leatherback-sea-turtle-babies-thrive-covid-19-pandemic.html
https://doi.org/10.1016/j.biocon.2020.108926

A.L. Patricio Silva, A. Tubié, M. Vujic et al.

Goi, C.L., 2020. The river water quality before and during the Movement Con-
trol Order (MCO) in Malaysia. Case Stud. Chem. Environ. Eng. 2, 100027.
doi:10.1016/j.cscee.2020.100027.

Gorrasi, G., Sorrentino, A., Lichtfouse, E., 2020. Back to plastic pollution in COVID times.
Environ. Chem. Let. 742, 1-4. d0i:10.1007/s10311-020-01129-z.

Gouin, T., 2021. Addressing the importance of microplastic particles as vec-
tors for long-range transport of chemical contaminants: perspective in relation
to prioritizing research and regulatory actions. Microplast. Nanoplast. 1, 14.
doi:10.1186/543591-021-00016-w.

Guerrero-Latorre, L., Ballesteros, 1., Villacrés, L.M., Granda, M.G., Freire, B.P., Rios-
Touma, B., 2020. First SARS-CoV-2 Detection in River water: Implications in Low Sani-
tation Countries. Medrxiv 2020.06.14.20131201 doi:10.1101/2020.06.14.20131201.

Hantoko, D., Li, X., Pariatamby, A., Yoshikawa, K., Horttanainen, M., Yan, M., 2021. Chal-
lenges and practices on waste management and disposal during COVID-19 pandemic.
J. Environ. Manag. 286. doi:10.1016/j.jenvman.2021.112140.

Hanyabui, E., Apori, S.0., Akaba, S., Ssekandi, J., 2021. Implementation of COVID-19
control measures: effect on fertilizer supply and soil fertility in Africa. Afr. J. Agric.
Res. 17, 932-938. doi:10.5897/ajar2021.15621.

Hart J.,, One year later: a look back at COVID and our beaches, (2021).
https://www.surfrider.org/coastal-blog/entry/one-year-later-a-look-back-at-covid-
and-our-beaches (accessed November 17, 2021).

Hiemstra, A.F., Rambonnet, L., Gravendeel, B., Schilthuizen, M., 2021. The effects of
COVID-19 litter on animal life. Anim. Biol. 71, 215-231.

Hu, L., Gao, J., Yao, L., Zeng, L., Liu, Q., Zhou, Q., Zhang, H., Lu, D., Fu, J., Liu, Q.S.,
Li, M., Zhao, X., Hou, X., Shi, J., Liu, L., Guo, Y., Wang, Y., Ying, G.-.G., Cai, Y.,
Yao, M., Cai, Z., Wu, Y., Qu, G., Jiang, G., 2021. Evidence of foodborne transmission of
the coronavirus (COVID-19) through the animal products food supply chain. Environ.
Sci. Technol. 55, 2713-2716. doi:10.1021/acs.est.0c06822.

Iroegbu, A.O.C., Ray, S.S., Mbarane, V., Bordado, J.C., Sardinha, J.P., 2021. Plastic pol-
lution: a perspective on matters arising: challenges and opportunities. ACS Omega 6,
19343-19355. doi:10.1021/acsomega.1c02760.

Ji, B., Zhao, Y., Wei, T., Kang, P., 2021. Water science under the global epidemic of COVID-
19: bibliometric tracking on COVID-19 publication and further research needs. J. En-
viron. Chem. Eng. 9, 105357. doi:10.1016/j.jece.2021.105357.

Jribi, S., Ismail, H.B., Doggui, D., Debbabi, H., 2020. COVID-19 virus outbreak lockdown:
what impacts on household food wastage? Environ. Dev. Sustain. 22, 3939-3955.
doi:10.1007/s10668-020-00740-y.

Kasloff, S.B., Strong, J.E., Funk, D., Cutts, T., 2020. Stability of SARS-CoV-2 On Critical
Personal Protective Equipment, 27. MedRxiv 2020.06.11.20128884.

Kim, D., Yim, T., Lee, J.Y., 2021. Analytical study on changes in domes-
tic hot water use caused by COVID-19 pandemic. Energy 231, 120915.
doi:10.1016/j.energy.2021.120915.

Klemes, J.J., et al., 2020. Minimising the present and future plastic waste, energy and envi-
ronmental footprints related to COVID-19. Renew. Sustain. Energy Rev. 127, 109883.

Knicker, H., Velasco-Molina, M., 2021. Biodegradability of single-use polypropylene-based
face masks, littered during the COVID-19 pandemic - a first approach. EGU Gen. As-
sembl. 19-30 OnlineApr 2021, EGU21-129310.5194/Egusphere-Egu21-1293, 2021.
(n.d.). 10.5194/egusphere-egu21-1293.

Koelmans, A.A., Bakir, A., Burton, G.A., Janssen, C.R., 2016. Microplastic as a
vector for chemicals in the aquatic environment: critical review and model-
supported reinterpretation of empirical studies. Environ. Sci. Technol. 50, 3315-3326.
doi:10.1021/acs.est.5b06069.

Kumar, M., Thakur, A.K., Mazumder, P., Kuroda, K., Mohapatra, S., Rinklebe, J., Ra-
manathan, Al., Cetecioglu, Z., Jain, S., Tyagi, V.K., Gikas, P., Chakraborty, S., Is-
lam, M.T., Ahmad, A., Shah, A.V., Patel, A.K., Watanabe, T., Vithanage, M., Bibby, K.,
Kitajima, M., Bhattacharya, P., 2020. Frontier review on the propensity and reper-
cussion of SARS-CoV-2 migration to aquatic environment. J. Hazard Mater. Lett. 1,
100001. doi:10.1016/j.haz1.2020.100001.

Kumar, M., Dhangar, K., Thakur, AK.,, Ram, B., Chaminda, T., Sharma, P., Ku-
mar, A., Raval, N., Srivastava, V., Rinklebe, J., Kuroda, K., Sonne, C., Barcelo, D.,
2021. Antidrug resistance in the Indian ambient waters of Ahmedabad during the
COVID-19 pandemic. J. Hazard Mater. 416, 126125. doi:10.1016/j.jhazmat.2021.
126125.

Kuroda, K., Li, C., Dhangar, K., Kumar, M., 2021. Predicted occurrence, ecotoxi-
cological risk and environmentally acquired resistance of antiviral drugs associ-
ated with COVID-19 in environmental waters. Sci. Total Environ. 776, 145740.
doi:10.1016/j.scitotenv.2021.145740.

Kwak, J.I., An, Y.J., 2021. Post COVID-19 pandemic: biofragmentation and soil ecotoxi-
cological effects of microplastics derived from face masks. J. Hazard Mater., 126169
doi:10.1016/j.jhazmat.2021.126169.

Liikewille, A., Alewell, C., 2008. Acidification. In: Encyclopedia of Ecology (Second Edi-
tion). Elsevier, Oxford, pp. 233-241. doi:10.1016,/b978-0-444-63768-0.00251-1 Sec-
ond Edition.

Legido-Quigley, H., Asgari, N., Teo, Y.Y., Leung, G.M., Oshitani, H., Fukuda, K.,
Cook, A.R., Hsu, L.Y., Shibuya, K., Heymann, D., 2020. Are high-performing
health systems resilient against the COVID-19 epidemic? Lancet 395, 848-850.
doi:10.1016/50140-6736(20)30551-1.

Li, W., Shi, Z., Yu, M., Ren, W., Smith, C., Epstein, J.H., Wang, H., Crameri, G., Hu, Z.,
Zhang, H., Zhang, J., McEachern, J., Field, H., Daszak, P., Eaton, B.T., Zhang, S.,
Wang, L.F., 2005. Bats are natural reservoirs of SARS-like coronaviruses. Science 310,
676-679. doi:10.1126/science.1118391.

Li, F,, Zhang, Y., Ji, H., Yang, D., Wang, A., Li, C., Wy, Y., 2020a. Investigation of the Cog-
nition and Attitude of the Public Towards the Disposal of Discarded Face Masks During
the COVID-19 Pandemic. Research Square Preprint doi:10.21203/rs.3.rs-63684/v1.

Li, L., Li, Q., Huang, L., Wang, Q., Zhu, A., Xu, J., Liu, Z, Li, H., Shi, L., Li, R,
Azari, M., Wang, Y., Zhang, X., Liu, Z., Zhu, Y., Zhang, K., Xue, S., Ooi, M.C.G.,

Journal of Hazardous Materials Advances 5 (2022) 100041

Zhang, D., Chan, A., 2020b. Air quality changes during the COVID-19 lockdown
over the Yangtze River Delta Region: an insight into the impact of human activ-
ity pattern changes on air pollution variation. Sci. Total Environ. 732, 139282.
doi:10.1016/j.scitotenv.2020.139282.

Liu, Z., Ciais, P., Deng, Z., Lei, R., Davis, S.J., Feng, S., Zheng, B., Cui, D., Dou, X.,
Zhu, B., Guo, R., Ke, P, Sun, T., Lu, C.,, He, P.,, Wang, Y., Yue, X.,, Wang, Y.,
Lei, Y., Zhou, H., Cai, Z., Wu, Y., Guo, R., Han, T., Xue, J., Boucher, O., Boucher, E.,
Chevallier, F., Tanaka, K., Wei, Y., Zhong, H., Kang, C., Zhang, N., Chen, B.,
Xi, F., Liu, M., Bréon, F.M., Lu, Y., Zhang, Q., Guan, D., Gong, P., Kammen, D.M.,
He, K., Schellnhuber, H.J., 2020. Near-real-time monitoring of global CO, emis-
sions reveals the effects of the COVID-19 pandemic. Nat. Commun. 11, 5172.
doi:10.1038/s41467-020-18922-7.

Loh, H.C,, Looi, 1., Ch’ng, A.S.H., Goh, K.W., Ming, L.C., Ang, K.H., 2021. Positive global
environmental impacts of the COVID-19 pandemic lockdown: a review. Geoj 1-13.
doi:10.1007/510708-021-10475-6.

Lombrana L.M., With fishing fleets tied up, marine life given a chance to recover.
Bloomberg., (2020). https://www.bloombergquint.com/onweb/with-fishing-fleets-
tied-up-marine-life-has-a-chance-to-recover (accessed July 21, 2021).

Lopez N., 2021. Copernicus: southern Hemisphere ozone hole surpasses size of Antarc-
tica. https://atmosphere.copernicus.eu/copernicus-southern-hemisphere-ozone-hole-
surpasses-size-antarctica (accessed November 17, 2021).

Luksamijarulkul, P., Aiempradit, N., Vatanasomboon, P., 2014. Microbial contamina-
tion on used surgical masks among hospital personnel and microbial air qual-
ity in their working wards: a hospital in Bangkok. Oman Med. J. 29, 346-350.
doi:10.5001/0mj.2014.92.

Manda, K., 2020. Possible challenges in behavioral phenotyping of rodents following
COVID-19 lockdown. Lab. Anim. 49. doi:10.1038/541684-020-0559-4, 159-159.
Marchant-Forde, J.N., Boyle, L.A., 2020. COVID-19 effects on livestock production: a one

welfare issue. Front. Vet. Sci. 7, 585787. doi:10.3389/fvets.2020.585787.

Mendonca-Gomes, J.M., da C. Aragjo, A.P., da Luz, T.M., Charlie-Silva, ., Braz, H.L.B.,
Jorge, R.J.B., Ahmed, M.A.L, N6brega, R.H., Vogel, C.F.A., Malafaia, G., 2021. Envi-
ronmental impacts of COVID-19 treatment: toxicological evaluation of azithromycin
and hydroxychloroquine in adult Zebrafish. Sci. Total Environ. 790, 148129.
doi:10.1016/j.scitotenv.2021.148129.

Montella, L.R., Schama, R., Valle, D., 2012. The classification of esterases: an important
gene family involved in insecticide resistance - A review. Mem. Inst. Oswaldo Cruz
107, 437-449. doi:10.1590/50074-02762012000400001.

Nabi, G., Khan, S., 2020. Novel coronavirus transmission to water bodies; risk
of COVID-19 pneumonia to aquatic mammals. Environ. Res. 188, 109732.
doi:10.1016/j.envres.2020.109732.

Okuku, E., Kiteresi, L., Owato, G., Otieno, K., Mwalugha, C., Mbuche, M., Gwada, B., Nel-
son, A., Chepkemboi, P., Achieng, Q., Wanjeri, V., Ndwiga, J., Mulupi, L., Omire, J.,
2021. The impacts of COVID-19 pandemic on marine litter pollution along the Kenyan
Coast: a synthesis after 100~days following the first reported case in Kenya. Mar. Pol-
lut. Bull. 162, 111840.

Ong, M.C., Ghazali, A., Amin, R.M., Bhubalan, K., Lee, J.N., Omar, T.M.F.T., Khalil, I,
Assaw, S., Yong, J.C., Yusoff, N.M., Jaafar, I, Rasdi, W.N.N.W., Mazlan, N.,
Husin, M.J.M., Mohamed, R.M.S.R., Anual, Z.F., Chen, M., Wahid, M.A., 2021. Pos-
itive and negative effects of COVID-19 pandemic on aquatic environment: a review.
Sains Malays. 50, 1187-1198. doi:10.17576/jsm-2021-5004-28.

Ortiz, A.M.D., de Leon, A.M., Torres, J.N.V., Guiao, C.T.T., Vifia, A.G.M.L., 2021. Impli-
cations of COVID-19 on progress in the UN Conventions on biodiversity and climate
change. Glob. Sustain. 4, e11. doi:10.1017/sus.2021.8.

Parashar, N., Hait, S., 2021. Plastics in the time of COVID-19 pandemic: protec-
tor or polluter? Sci. Total Environ. 759, 144274. doi:10.1016/j.scitotenv.2020.
144274.

Paudel, J., 2021. Short-run environmental effects of COVID-19: evidence from forest fires.
World Dev. 137, 105120. doi:10.1016/j.worlddev.2020.105120.

Poch, R.M., dos Anjos, L.H.C., Attia, R., Balks, M., Benavides-Mendoza, A., Bolafios-
Benavides, M.M., Calzolari, C., Chabala, L.M., de Ruiter, P.C., Francke-Campaiia, S.,
Préchac, F.G., Graber, E.R., Halavatau, S., Hassan, K.M., Hien, E., Jin, K., Khan, M.,
Konyushkova, M., Lobb, D.A., Moshia, M.E., Murase, J., Nziguheba, G., Patra, A.K.,
Pierzynski, G., Eugenio, N.R., Rojas, R.V., 2020. Soil: the great connector of our lives
now and beyond COVID-19. Soil Discuss. 1-9. doi:10.5194/50il-2020-38, 2020.

Poulter, B., Freeborn, P.H., Jolly, W.M., Varner, J.M., 2021. COVID-19 lockdowns drive
decline in active fires in southeastern United States. Proc. Natl. Acad. Sci. 118.
doi:10.1073/pnas.2105666118, e2105666118.

Qarani, A.S., 2020. Potential impact of COVID-19 pandemic lockdown on environmental
parameters. Recycl. Sustain. Dev. 13, 49-61. do0i:10.5937/ror2001049a.

Rakib, M.R.J., De-la-Torre, G.E., Pizarro-Ortega, C.I., Dioses-Salinas, D.C., Al-Nahian, S.,
2021. Personal protective equipment (PPE) pollution driven by the COVID-19 pan-
demic in Cox’s Bazar, the longest natural beach in the world. MPB 169, 112497.

Reportlinker, Global Plastic Recycling Industry, (2021). https://www.reportlinker.
com/p05896556/?utm_source=GNW (accessed July 15, 2021).

Rizan, C., Reed, M., Bhutta, M.F., 2021. Environmental impact of personal protective
equipment distributed for use by health and social care services in England in
the first six months of the COVID-19 pandemic. J. R. Soc. Med. 114, 250-263.
doi:10.1177/01410768211001583.

Roberts, K., Phang, S., Williams, J., Hutchinson, D., Kolstoe, S., de Bie, J., Williams, I.,
Stringfellow, A., 2021. Lockdown litter: a critical analysis of global COVID-
19 PPE litter and measures for mitigation. ResearchSquare doi:10.21203/rs.3.
15-134183/v1.

Rodriguez-Urrego, D., Rodriguez-Urrego, L., 2020. Air quality during the COVID-19:
PM2.5 analysis in the 50 most polluted capital cities in the world. Environ. Pollut.
266, 115042. doi:10.1016/j.envpol.2020.115042.


https://doi.org/10.1016/j.cscee.2020.100027
https://doi.org/10.1007/s10311-020-01129-z
https://doi.org/10.1186/s43591-021-00016-w
https://doi.org/10.1101/2020.06.14.20131201
https://doi.org/10.1016/j.jenvman.2021.112140
https://doi.org/10.5897/ajar2021.15621
https://www.surfrider.org/coastal-blog/entry/one-year-later-a-look-back-at-covid-and-our-beaches
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0067
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0067
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0067
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0067
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0067
https://doi.org/10.1021/acs.est.0c06822
https://doi.org/10.1021/acsomega.1c02760
https://doi.org/10.1016/j.jece.2021.105357
https://doi.org/10.1007/s10668-020-00740-y
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0071
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0071
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0071
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0071
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0071
https://doi.org/10.1016/j.energy.2021.120915
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0076
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0076
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0076
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0081
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0081
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0081
https://doi.org/10.1021/acs.est.5b06069
https://doi.org/10.1016/j.hazl.2020.100001
https://doi.org/10.1016/j.jhazmat.2021.\penalty -\@M 126125
https://doi.org/10.1016/j.scitotenv.2021.145740
https://doi.org/10.1016/j.jhazmat.2021.126169
https://doi.org/10.1016/b978-0-444-63768-0.00251-1
https://doi.org/10.1016/s0140-6736(20)30551-1
https://doi.org/10.1126/science.1118391
https://doi.org/10.21203/rs.3.rs-63684/v1
https://doi.org/10.1016/j.scitotenv.2020.139282
https://doi.org/10.1038/s41467-020-18922-7
https://doi.org/10.1007/s10708-021-10475-6
https://www.bloombergquint.com/onweb/with-fishing-fleets-tied-up-marine-life-has-a-chance-to-recover
https://atmosphere.copernicus.eu/copernicus-southern-hemisphere-ozone-hole-surpasses-size-antarctica
https://doi.org/10.5001/omj.2014.92
https://doi.org/10.1038/s41684-020-0559-4
https://doi.org/10.3389/fvets.2020.585787
https://doi.org/10.1016/j.scitotenv.2021.148129
https://doi.org/10.1590/s0074-02762012000400001
https://doi.org/10.1016/j.envres.2020.109732
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0122
https://doi.org/10.17576/jsm-2021-5004-28
https://doi.org/10.1017/sus.2021.8
https://doi.org/10.1016/j.scitotenv.2020.\penalty -\@M 144274
https://doi.org/10.1016/j.worlddev.2020.105120
https://doi.org/10.5194/soil-2020-38
https://doi.org/10.1073/pnas.2105666118
https://doi.org/10.5937/ror2001049a
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0124
https://www.reportlinker.com/p05896556/?utm_source=GNW
https://doi.org/10.1177/01410768211001583
https://doi.org/10.21203/rs.3.\penalty -\@M rs-134183/v1
https://doi.org/10.1016/j.envpol.2020.115042

A.L. Patricio Silva, A. Tubié, M. Vujic et al.

Rodrigues, M., Gelabert, P.J., Ameztegui, A., Coll, L., Vega-Garcia, C., 2020. Is COVID-19
halting wildfires in the Mediterranean? Insights for wildfire science under a pandemic
context. Sci. Total Environ. 765, 142793. doi:10.1016/j.scitotenv.2020.142793.

Rose, S., Suri, J., Brooks, M., Ryan, P.G., 2020. COVID-19 and citi-
zen science: lessons learned from Southern Africa. Ostrich 91, 1-4.
doi:10.2989,/00306525.2020.1783589.

Rume, T., Islam, S.M.D.U.,, 2020. Environmental effects of COVID-19 pan-
demic and potential strategies of sustainability. Heliyon 6, e04965.
doi:10.1016/j.heliyon.2020.e04965.

Rutz, C., Loretto, M.C., Bates, A.E., Davidson, S.C., Duarte, C.M., Jetz, W., Johnson, M.,
Kato, A., Kays, R., Mueller, T., Primack, R.B., Ropert-Coudert, Y., Tucker, M.A.,
Wikelski, M., Cagnacci, F., 2020. COVID-19 lockdown allows researchers to quan-
tify the effects of human activity on wildlife. Nat. Ecol. Evol. 4, 1156-1159.
doi:10.1038/541559-020-1237-z.

Ryan, P.G., Maclean, K., Weideman, E.A., 2020. The impact of the COVID-19 Lockdown
on Urban street litter in South Africa. Environ 7, 1-10.

Saliu, F., Montano, S., Leoni, B., Lasagni, M., Galli, P., 2019. Microplastics as
a threat to coral reef environments: detection of phthalate esters in neuston
and scleractinian corals from the Faafu Atoll, Maldives. MPB 142, 234-241.
doi:10.1016/j.marpolbul.2019.03.043.

Saliu, F., Veronelli, M., Raguso, C., Barana, D., Galli, P., Lasagni, M., 2021. The release
process of microfibers: from surgical face masks into the marine environment. Environ
Adv 4, 100042.

SanJuan-Reyes, S., Gémez-Olivan, L.M., Islas-Flores, H., 2021. COVID-19 in the environ-
ment. Chemosphere 263, 127973. doi:10.1016/j.chemosphere.2020.127973.

Seif, S., Provencher, J.F., Avery-Gomm, S., Daoust, P.Y., Mallory, M.L., Smith, P.A.,
2018. Plastic and non-plastic debris ingestion in three gull species feeding in
an urban landfill environment. Arch. Environ. Contam. Toxicol. 74, 349-360.
doi:10.1007/s00244-017-0492-8.

Senten, J., Smith, M.A., Engle, C.R., 2020. Impacts of COVID-19 on U.S. aqua-
culture, aquaponics, and allied businesses. J. World Aquac. Soc. 51, 574-577.
doi:10.1111/jwas.12715.

Sharun, K., Dhama, K., Pawde, A.M., Gortazar, C., Tiwari, R., Bonilla-Aldana, D.K.,
Rodriguez-Morales, A.J., de la Fuente, J., Michalak, L., Attia, Y.A., 2021. SARS-CoV-2
in animals: potential for unknown reservoir hosts and public health implications. Vet.
Quart. 41, 181-201. doi:10.1080/01652176.2021.1921311.

Shilling, F., Nguyen, T., Saleh, M., Kyaw, M.K., Tapia, K., Trujillo, G., Bejarano, M., Waet-
jen, D., Peterson, J., Kalisz, G., Sejour, R., Croston, S., Ham, E., 2021. A Reprieve
from US wildlife mortality on roads during the COVID-19 pandemic. Biol. Conserv.
256, 109013. doi:10.1016/j.biocon.2021.109013.

Shutler, J., Zaraska, K., Holding, T., Machnik, M., Uppuluri, K., Ashton, 1., Migdal, L.,
Dahiya, R., 2020. Risk of SARS-CoV-2 Infection from Contaminated Water Systems.
Medrxiv 2020.06.17.20133504 doi:10.1101,/2020.06.17.20133504.

Silva, A.L.P., Prata, J.C., Walker, T.R., Campos, D., Duarte, A.C., Soares, A.M.V.M.,
Barceld, D., Rocha-Santos, T., 2020. Rethinking and optimising plastic waste man-
agement under COVID-19 pandemic: policy solutions based on redesign and reduc-
tion of single-use plastics and personal protective equipment. Sci. Total Environ. 742,
140565. doi:10.1016/j.scitotenv.2020.140565.

Silva, A.L.P., Prata, J.C., Walker, T.R., Duarte, A.C., Ouyang, W., Barcel$, D., Rocha-
Santos, T., 2021a. Increased plastic pollution due to COVID-19 pandemic: challenges
and recommendations. CEJ 405, 126683. doi:10.1016/j.cej.2020.126683.

Silva, A.L.P., Prata, J.C., Duarte, A.C., Barcel0, D., Rocha-Santos, T., 2021b. An urgent call
to think globally and act locally on landfill disposable plastics under and after covid-19
pandemic: pollution prevention and technological (Bio) remediation solutions. Chem.
Eng. J. 426, 131201. doi:10.1016/j.cej.2021.131201.

Silva, A.L.P., Prata, J.C., Mouneyrac, C., Barcelo, D., Duarte, A.C., Rocha-Santos, T., 2021c.
Risks of Covid-19 face masks to wildlife: present and future research needs. Sci. Total
Environ. 792, 148505. doi:10.1016/j.scitotenv.2021.148505.

Soto, E.H., Botero, C.M., Milanés, C.B., Rodriguez-Santiago, A., Palacios-Moreno, M.,
Diaz-Ferguson, E., Veldzquez, Y.R., Abbehusen, A., Guerra-Castro, E., Simoes, N.,
Muciiio-Reyes, M., Filho, J.R.S., 2021. How does the beach ecosystem change
without tourists during COVID-19 lockdown? Biol. Conserv. 255, 108972.
doi:10.1016/j.biocon.2021.108972.

Journal of Hazardous Materials Advances 5 (2022) 100041

Stokes, G., 2020. No Shortage of Masks at the Beach - OCEANS ASIA [WWW Document].
OceanAsia. URL https://oceansasia.org/beach-mask-coronavirus/, (n.d.).

Suhaimi, N.F., Jalaludin, J., Latif, M.T., 2020. Demystifying a possible relationship be-
tween COVID-19, air quality and meteorological factors: evidence from Kuala Lumpur,
Malaysia. Aerosol. Air Qual. Res. 20, 1520-1529. doi:10.4209/aaqr.2020.05.0218.

Sullivan, G.L., Delgado-Gallardo, J., Watson, T.M., Sarp, S., 2021. An investigation
into the leaching of micro and nano particles and chemical pollutants from dis-
posable face masks - linked to the COVID-19 pandemic. Water Res. 196, 117033.
doi:10.1016/j.watres.2021.117033.

Swinnen, J., McDermott, J., 2020. Covid-19 and Global Food Security. Eurochoices 19,
26-33. doi:10.1111/1746-692x.12288.

Thiel, M., de Veer, D., Espinoza-Fuenzalida, N.L., Espinoza, C., Gallardo, C., Hinojosa, L.A.,
Kiessling, T., Rojas, J., Sanchez, A., Sotomayor, F., Vasquez, N., Villablanca, R.,
2021. COVID lessons from the global south-face masks invading tourist beaches
and recommendations for the outdoor seasons. Sci. Total Environ. 786, 147486.
doi:10.1016/j.scitotenv.2021.147486.

Thompson, D.L., Ovenden, T.S., Pennycott, T., Nager, R.G., 2020. The prevalence and
source of plastic incorporated into nests of five seabird species on a small offshore
island. MPB 154, 111076. doi:10.1016/j.marpolbul.2020.111076.

Thomson, D.J.M., Barclay, D.R., 2020. Real-time observations of the impact of
COVID-19 on underwater noisea). J. Acoust. Soc. Am. 147, 3390-3396.
doi:10.1121/10.0001271.

Tobias, A., Carnerero, C., Reche, C., Massagué, J., Via, M., Minguill6n, M.C., Alastuey, A.,
Querol, X., 2020. Changes in air quality during the lockdown in Barcelona (Spain)
one month into the SARS-CoV-2 epidemic. Sci. Total Environ. 726, 138540.
doi:10.1016/j.scitotenv.2020.138540.

Tollefson, J., 2021. COVID curbed carbon emissions in 2020-But not by much. Nature 589.
doi:10.1038/d41586-021-00090-3, 343-343.

Ulloa, J.S., Hernandez-Palma, A., Acevedo-Charry, O., Gémez-Valencia, B., Cruz-
Rodriguez, C., Herrera-Varén, Y., Roa, M., Rodriguez-Buritica, S., Ochoa-
Quintero, J.M., 2021. Listening to cities during the COVID-19 lockdown: how
do human activities and urbanization impact soundscapes in Colombia? Biol.
Conserv. 255, 108996. doi:10.1016/j.biocon.2021.108996.

Wang, Q., Su, M., 2020. A preliminary assessment of the impact of COVID-19
on environment - a case study of China. Sci. Total Environ. 728, 138915.
doi:10.1016/j.scitotenv.2020.138915.

Wang, Z., An, C., Chen, X., Lee, K., Zhang, B., Feng, Q., 2021. Disposable masks
release microplastics to the aqueous environment with exacerbation by nat-
ural weathering. J. Hazard Mater. 417, 126036. doi:10.1016/j.jhazmat.2021.
126036.

Yunus, A.P., Masago, Y., Hijioka, Y., 2020. COVID-19 and surface water quality: im-
proved lake water quality during the lockdown. Sci. Total Environ. 731, 139012.
doi:10.1016/j.scitotenv.2020.139012.

Zambrano-Monserrate, M.A., Ruano, M.A., Sanchez-Alcalde, L., 2020. Indirect ef-
fects of COVID-19 on the environment. Sci. Total Environ. 728, 138813.
doi:10.1016/j.scitotenv.2020.138813.

Zand, A.D., Heir, A.V., 2020. Emerging challenges in urban waste management in
Tehran, Iran during the COVID-19 pandemic. Resour. Conserv. Recycl. 162, 105051.
doi:10.1016/j.resconrec.2020.105051.

Zhang, H., Tang, W., Chen, Y., Yin, W., 2020. Disinfection threatens aquatic ecosystems.
Science 368, 146-147. doi:10.1126/science.abb8905.

Zhou, P., Fan, H., Lan, T., Yang, X.L., Shi, W.F., Zhang, W., Zhu, Y., Zhang, Y.W., Xie, Q.M.,
Mani, S., Zheng, X.S., Li, B., Li, J. M., Guo, H., Pei, G.Q., An, X.P., Chen, JW.,
Zhou, L., Mai, K.J., Wu, Z.X., Li, D., Anderson, D.E., Zhang, L.B., Li, S.Y., Mi, Z.Q.,
He, T.T., Cong, F., Guo, P.J., Huang, R., Luo, Y., Liu, X.L., Chen, J., Huang, Y.,
Sun, Q., Zhang, X.L.L., Wang, Y.Y., Xing, S.Z., Chen, Y.S., Sun, Y., Li, J., Daszak, P.,
Wang, L.F., Shi, Z.L., Tong, Y.G., Ma, J.Y., 2018. Fatal swine acute diarrhoea syn-
drome caused by an HKU2-related coronavirus of bat origin. Nature 556, 255-258.
doi:10.1038/541586-018-0010-9.


https://doi.org/10.1016/j.scitotenv.2020.142793
https://doi.org/10.2989/00306525.2020.1783589
https://doi.org/10.1016/j.heliyon.2020.e04965
https://doi.org/10.1038/s41559-020-1237-z
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0127
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0127
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0127
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0127
https://doi.org/10.1016/j.marpolbul.2019.03.043
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
http://refhub.elsevier.com/S2772-4166(21)00040-1/sbref0109
https://doi.org/10.1016/j.chemosphere.2020.127973
https://doi.org/10.1007/s00244-017-0492-8
https://doi.org/10.1111/jwas.12715
https://doi.org/10.1080/01652176.2021.1921311
https://doi.org/10.1016/j.biocon.2021.109013
https://doi.org/10.1101/2020.06.17.20133504
https://doi.org/10.1016/j.scitotenv.2020.140565
https://doi.org/10.1016/j.cej.2020.126683
https://doi.org/10.1016/j.cej.2021.131201
https://doi.org/10.1016/j.scitotenv.2021.148505
https://doi.org/10.1016/j.biocon.2021.108972
https://oceansasia.org/beach-mask-coronavirus/
https://doi.org/10.4209/aaqr.2020.05.0218
https://doi.org/10.1016/j.watres.2021.117033
https://doi.org/10.1111/1746-692x.12288
https://doi.org/10.1016/j.scitotenv.2021.147486
https://doi.org/10.1016/j.marpolbul.2020.111076
https://doi.org/10.1121/10.0001271
https://doi.org/10.1016/j.scitotenv.2020.138540
https://doi.org/10.1038/d41586-021-00090-3
https://doi.org/10.1016/j.biocon.2021.108996
https://doi.org/10.1016/j.scitotenv.2020.138915
https://doi.org/10.1016/j.jhazmat.2021.\penalty -\@M 126036
https://doi.org/10.1016/j.scitotenv.2020.139012
https://doi.org/10.1016/j.scitotenv.2020.138813
https://doi.org/10.1016/j.resconrec.2020.105051
https://doi.org/10.1126/science.abb8905
https://doi.org/10.1038/s41586-018-0010-9

