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Abstract

The COVID-19 pandemic not only has created a global health crisis but also has dramatic effects on the environment. To fight the
spread of Coronavirus, governments imposed social distancing policies, which caused negative and positive impacts on the
environment. Victoria, the second-most populated state in Australia, was hit by two waves of COVID-19. During the second
wave of the pandemic, Victoria, especially Melbourne, experienced one of the most stringent and longest lockdowns globally. In
this study, the changes in mobility trends, traffic, air pollution, noise pollution, and waste generation during the first and second
waves of COVID-19 in Victoria are evaluated and compared. It was observed that the pandemic had both positive and negative
impacts on the environment. During the second wave of the pandemic in Victoria, the mobility trends of public transport hubs,
retail and recreation venues, and workplaces experienced a significant drop in movements at respective values of 85%, 83%, and
76% compared to the period of 5 weeks from 3 January to 6 February 2020. PM, 5 levels were lower by 23% at Alphington and
24% at Footscray from 16 March to 1 May 2020 compared with the average PM, 5 levels in the past 4 years. It was estimated that
the respective daily generations of used face masks during the first wave and second wave of the pandemic in Victoria were

approximately 104 and 160 tons.
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Introduction

The new Coronavirus (SARS-CoV2) has caused many prob-
lems around the world and impacted almost all countries. The
virus has spread to more than 83.9 million people and caused
about 1.8 million deaths (WHO, 2020). Currently, several
countries are dealing with the second or third wave of the virus
with far worse effects than the first wave.

The COVID-19 pandemic has also affected the environ-
ment directly and indirectly. For example, because of the so-
cial distancing and curfew policies, it has been predicted that
the greenhouse gas emissions could reduce to levels never
before been observed since the Second World War
(Zambrano-Monserrate et al., 2020). Considerable reductions
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in nitrogen dioxide concentrations and PM 2.5 levels were
observed in major cities of China because of the shutdown
of some industrial facilities and power plants, the curfew,
and strong social distancing measures (Jiang et al., 2021).
Similarly, it has been reported that air pollution has signifi-
cantly reduced in Europe (Giani et al., 2020). According to
UNCTAD (2020), the global Coronavirus lockdown led to a
5% decrease in greenhouse gas emissions in the first half of
2020 compared to the same period in 2019. Liu et al. (2020)
reported that global CO, emissions reduced by approximately
8.8% for the same period.

Although the pandemic has had some indirect and short-
term positive environmental impacts, it caused more severe
adverse effects on solid waste management and plastic pro-
duction. Unfortunately, the COVID-19 pandemic has hit the
municipal solid waste management in many countries
(Daryabeigi Zand and Vaezi Heir, 2020). For instance, due
to the concerns about the spread of the virus, some states in
the USA temporarily closed recycling centres, suspended
curbside recycling pickup, and onboard recyclables collec-
tions (Staub, 2020). Similarly, in some European countries,
the sorting of household wastes has been prohibited. To fight


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-021-12556-y&domain=pdf
mailto:mohammad.boroujeni@rmit.edu.au

Environ Sci Pollut Res (2021) 28:14182-14191

14183

the spread of the virus, a huge surge in demand for plastic-
based products has been observed, and some policies on plas-
tic production and plastic bag bans have been suspended. This
is simply because of (1) the demand for personal protective
equipment (PPE) in the healthcare system and community, (2)
the recommended or mandatory face mask use policies around
the world, and (3) the generation of typical packaging plastic
waste because of the significant increase in online shopping
and home delivery services (Sharma et al., 2020). Moreover,
the COVID-19 pandemic has caused huge pressure on the
landfills in developing countries, where solid waste materials
and hazardous wastes are dumped in poorly managed and
open landfills, which can pose health and environmental
threats (Rowan and Laffey, 2020).

Victoria is the most densely populated state in Australia,
with a population of over 6.68 million. Melbourne, the capital
of the State of Victora, is the second-most populated city in
Australia, having a population of more than 5 million. Similar
to highly populated and large states and provinces around the
world, the state of Victoria has not been excluded from the
impacts of Coronavirus; however, Australia is among one
the most successful countries in managing and controlling
the COVID-19 pandemic. The first case of the novel
Coronavirus was confirmed in Victoria on 25 January
2020. Then, the first wave of infections in Victoria
emerged during the period of early March 2020 to the
mid of May (Fig. 1). Victoria’s second wave of the
COVID-19 spread was mainly caused by the hotel quar-
antine scandal in Melbourne. Thanks to the efforts of the
state’s government and the Australian government, and
endless efforts of healthcare workers as well as the coop-
eration and patience of people, the Victorians can now
beat the spread of the virus before the situation gets out
of control. It is worth to mention that the first restrictions
came on 13 March 2020, and on 16 March, new rules
came into effect and a state of emergency was declared
by the Victorian Government. The second wave, which

was 10 times harder than the first wave, could last for
more than 5 months. In total, 20,345 confirmed cases
and 819 deaths were reported in Victoria by 27 October
2020. By the end of the second wave, the number of
confirmed COVID-19 cases in Victoria constitutes about
74% of the total number of confirmed cases in Australia,
while approximately 90% of the total deaths in Australia
occurred in Victoria (Australian Government Department
of Health, 2020).

During the second wave of COVID-19, strict social dis-
tancing measures and curfew policies were applied by the
Victorian Government. In early July, during the stage 3 re-
strictions, the residents were allowed to leave their homes for
only four reasons, including medical care or caregiving, daily
exercise, work or school, or purchasing food and supplies.
The face-covering rule became mandatory on 22 July. Due
to the surge in the number of confirmed cases, more strict rules
were introduced in Victoria from the beginning of August
until the end of October. The rules included curfew from
8 pm to 5 am, leaving home for shopping within 5 km from
home, 1-hour limitation of exercise per day within 5 km,
schools returned to remote learning, public transport services
reduced, closing of many stores, shops, and retails, etc. The
curfew and most of the strict rules were lifted after cases of
Coronavirus were eliminated on 27 October 2020. One hun-
dred eleven days of lockdown ranks among the toughest in the
world. However, some rules, such as the mandatory face mask
use in the whole of Victoria, are still in place. Consequently,
all of the rules and strict policies during the lockdowns had
effects on the environment of Victoria, primarily the metro-
politan Melbourne.

Previous studies mainly focused on health issues directly
related to the SARS-CoV2 Coronavirus. Little attention has
been directed to the pandemic’s influence on the environment.
This paper discusses the negative and positive indirect impacts
of COVID-19 on the environment of the State of Victoria,
Australia.
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Indirect impacts of COVID-19
on the environment of the State of Victoria

Mobility trends and traffic

Figure 2 demonstrates the changes in the mobility trends in
Victoria and Melbourne City. It can be seen that the mobility
trends changed significantly compared to the period before the
Coronavirus outbreak in Victoria due to the strict rules during
the stage 4 Coronavirus lockdown restrictions in Victoria.
Besides, the mobility trends for retail and recreation venues,
public transport hubs, and workplaces dramatically reduced,
which could be related to the enforced restricting rules, mainly
working from homes, staying within 5 km from homes, and
closing of the shops, stores, and retails.

Compared to the mobility trends in the State of Victoria,
more significant changes in the mobility trends were observed
in Melbourne City. For instance, from 11 September to 23
October 2020, public transport hubs, retail and recreation
venues, and workplaces witnessed a considerable reduction
in movements at 85%, 83%, and 76%, respectively, compared
to the baseline, which is the average value of the same day of
the week for the period of 5 weeks from 3 January to 6
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February 2020. Also, higher reductions in the mobility trends
were observed during the second lockdown compared to the
first one (Katestone, 2020a). In Melbourne City, residential
was the only category that experienced an increase during the
pandemic (Google, 2020). The mobility trends for retail and
recreation venues, public transport hubs, workplaces, super-
markets and pharmacies, and parks dropped significantly from
the beginning of the first wave to the end of the first wave.
However, the mobility trends experienced a mild increase be-
tween the end of the first wave to the beginning of the second
wave. This is mainly because of easing some restrictions be-
tween the first and second lockdown periods. During the sec-
ond lockdown period, mobility trends decreased slightly and
remained relatively constant.

During the lockdowns and because of the social distancing
restrictions, peak-hour gridlocks in the most common
congested areas of Victoria have disappeared. Figure 3 shows
the traffic volume change in Melbourne during the pandemic.
The traffic in Melbourne dropped significantly during the
lockdowns compared to the first 2 weeks of March 2020
(Charting Transport, 2020). An easing of some restrictions
after the first wave resulted in an increase in the traffic volume
during 25-31 May and the whole of June. A relatively larger
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Fig. 3 Traffic change in Melbourne during the pandemic compared to the first 2 weeks of March 2020 (Charting Transport, 2020)

reduction of the traffic volume occurred during the second
wave period than the first wave period.

Air pollution

Air quality affects human health or comfort, but more than
90% of the world population lives in poor air quality areas.
When solid particles, liquids, or gases in the air are sufficient
to cause damage to the environment or adversely impact hu-
man health, air pollution occurs (Zhang et al., 2017). Salt
spray, wind-blown dust, bushfires, industrial activities, and
exhaust from motor vehicles are the main reasons of air pol-
lutions. Poor air pollution is responsible for about 8% of the
total deaths in the world (Zambrano-Monserrate et al., 2020).

Figure 4 shows diurnal profiles of PM, s and CO at two
sites of Alphington and Footscray in Melbourne and compares
the measurements from 16 March to 1 May 2020 with the

corresponding period in the past 4 years (2016-2019). On
average, PM, 5 levels were observed to be lower by 23% at
Alphington and 24% at Footscray for 2020 compared with the
average PM, 5 levels in the past 4 years. A comparison of the
average CO levels revealed that a 39% reduction occurred at
Alphington (Katestone, 2020b,c). In Seoul, Korea, PM; 5
showed a considerable drop of 36% in March 2020 compared
to the same time of 2017-2019 (Seo et al. 2020). A decrease
of 20.6% in PM, 5 levels in the USA was also observed in
March 2020 relative to March 2019. Moreover, pollution con-
centrations reduced by 12.5% for CO and 15.4% for PM, 5 in
China from January to March 2020 compared to the same
period in 2019 (Liu et al., 2020). A reduction of 28% to
31% for PM;o was reported by Tobias et al. (2020) in
Barcelona, Spain, during the March lockdown.

On the other hand, it is worthy of evaluating the effects of
stage 4 lockdown restrictions in Victoria (started from the
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13-19 July
Fig. 3 (continued)

beginning of August 2020) on the air pollution levels. Figure 5
compares the monthly average NO, concentrations at two
sites of Footscray and Alphington in 2020 compared to the
monthly average NO, concentrations in the past 10 years
(2010-2019). As can be seen from the figure, from March to
April 2020, during the first lockdown, a considerable decrease
in NO, concentrations was observed at both sites compared to
the monthly average NO, concentrations in the past 10 years.
This can be attributed to the significant drop in the mobility
trends and traffic volumes from March to April 2020, mainly
because of the restrictions imposed during the first wave. In
fact, the reduction of fossil fuel combustion and industry emis-
sions resulted in a decrease in nitrogen dioxide (NO,) emis-
sions. A similar decrease of NO, was reported for the USA
(14.32%) and China (4.53%) in March 2020 compared to
March 2019 (Liu et al., 2020). A decrease in tropospheric
NO2 was also observed in Delhi, India, during the pandemic

@ Springer

20-26 July

(Singh and Chauhan, 2020). Bauwens et al. (2020) reported a
considerable decrease of 20-38% of NO, in western Europe.
During June 2020, the NO, concentrations returned almost to
the average levels, while the NO, concentrations witnessed an
increase in July 2020 compared to the average levels. This is
simply because of the easing of some restrictions after the first
wave of the pandemic. Due to more strict restrictions, the
concentrations of NO, during the second lockdown reduced
significantly compared to the first lockdown and previous
years. For instance, in early August 2020, the concentrations
of NO, reduced by 31% and 38% at Footscray and
Alphington, respectively, compared to July 2020.

Noise pollution

Environmental noise, which is an unwanted sound, generally
generates from industrial, commercial, and construction
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activities, and traffics. Environmental noise pollution may in-
crease the risk of many diseases and change the ecosystem’s
conditions (Zagubien and Wolniewicz 2021). Lecocq et al.
(2020) reported that the COVID-19 restrictions led to signif-
icant changes in human activities, which resulted in the lon-
gest and most prominent global anthropogenic seismic noise
reduction in recorded history and caused a 50% drop in global
median high-frequency seismic ambient noise from March to
May 2020.

During the lockdowns in Victoria, imposing the strict so-
cial distancing measures and curfew policies enforced people
to leave their homes for shopping within specific ranges,
returned students to remote learning, and obliged many people
to work from home. Compared to the first lockdown period,
tougher restrictions during the second lockdown led to a re-
duction in some public transport services, decreasing the traf-
fic levels, and closure of many retail stores, restaurants, and

0 & 12 18 23 o & 12 18 23 o 6 12

b

factories. These changes resulted in a further dropping of en-
vironmental noise levels in Victoria and metropolitan
Melbourne during the second lockdown period compared to
the first lockdown period.

Waste generation

The COVID-19 pandemic has caused not only health-related
issues such as mental health problems, job and economy
losses, and socio-economic hardships but also waste manage-
ment issues in many countries (Acter et al., 2020; Zandifar
and Badrfam, 2020). It has put immense pressure on the
existing waste collection and management system and caused
inappropriate waste management strategies such as local burn-
ings, mobile incinerations, and direct landfills (Adyel, 2020).
For instance, Singapore households generated extra 1334 tons
of plastic waste in April 2020, which can be attributed to the

@ Springer



Environ Sci Pollut Res (2021) 28:14182-14191

14188
30
Alphington ——2010-2019
57T 2020
20 %
e
2 s}
S
<10 +
5.
0 " "
= ~ X > ~ & & L B3 oS A 4
& &« ‘3{‘ S = & & & 4\“& @"’:
& &N T > &
o ‘? b o QG o 6"\' ‘\._c."'
a3 -
Month  © Y
as
Footscray —2010-2019
30 :
’ 2020
53
S 207
S 154
F
0+
5
0 + ; "
< o~ 3 " < 3 - A A A A o
] < 2 o e B Z
FFIF T g FFSsS
W & T E O T
s ot - F

Fig. 5 The monthly average NO, concentrations at two sites in
Melbourne in 2020 compared to the monthly average NO,
concentrations in the past 10 years

change in consumer behaviour during the COVID-19 pan-
demic. (Fan et al., 2021). During the first lockdown, the City
of Melbourne reported a 70% increase in illegally dumped
waste in April 2020, compared with the same period in 2019
(Farrer, 2020). This could be related to the rise in home im-
provements and renovations, packing waste from shopping
online, dumping of unwanted possessions, and used PPE such
as gloves and masks.

Although single-use plastic products are banned in many
countries, there is a setback in using and management of plas-
tics in the fight with the Coronavirus pandemic (Naughton,
2020). Using PPE is among one of the effective announced
guidelines for reducing the spread of the Coronavirus, which
resulted in mandatory face mask use in more than half of the
countries around the world or recommended face mask use in
almost all of the countries (Royo-Bordonada et al., 2020).
Consequently, huge amounts of plastic-based PPE, such as
masks, gloves, waterproof shoes, protective clothing, face
shields, and hand sanitizer bottles and packaging made with
polypropylene and polyethylene terephthalate are produced
around the world every day. The improper management of
plastic-based PPE waste can potentially increase the spread
of the virus (Mol and Caldas, 2020). Therefore, to avoid the
further spread of the virus, it is crucial to consider the waste
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management issues of the generation of plastic-based PPE
caused by the COVID-19 pandemic (Klemes et al., 2020).

Wearing a face mask was not mandated in Victoria during
the first lockdown but became mandatory on 22 July 2020
(during the second wave of the virus). There is no exact data
on the number of face masks used in Victoria. Thus, it is
worthy of using the following model proposed by
Nzediegwu and Chang (2020) and Sangkham (2020) to esti-
mate the daily face mask use in Victoria, Dgyy.

Dy = P x Up X Fyar X (2%2) (1)where P is the pop-
ulation of Victoria, which is about 6,689,400 (Australian
Bureau of Statistics, 2020); Up is the urban population in
Victoria, which is about 80%; Fyar is the face masks accep-
tance rate, which is considered 65% during the first lockdown
and 100% during the second lockdown in Victoria; and Fyigp
is an assumption that how many masks are used by a person in
the general population each day, which is considered 1 in this
study. Therefore, by using Eq. (1) and the assumptions men-
tioned above, the daily face mask use in Victoria during the
first lockdown and second lockdown can be estimated at
3,478,488 and 5,351,520, respectively. Taking the average
weight of a mask as 30 g, which is the weight of a surgical
mask (lowest weight among other masks), it is estimated that
about 104 and 160 tonnes of used face masks were generated
each day during the first and second wave of the Coronavirus
in Victoria, respectively.

As shown in Fig. 6, the used face masks can be spotted
everywhere from parks to streets to beaches due to an uptick in
littering. Even if they are disposed at a landfill, wind and
rainwater can blow or move the lightweight masks into rivers
and oceans, and the non-biodegradable plastic-based masks
will be fragmented into microplastics (Prata et al., 2020).

Discussion

A comparison of the traffic and air quality data before and
during the lockdowns revealed that the lockdowns improved
air quality in Victoria substantially since there were far fewer
vehicles on the roads during the lockdowns. The reduction in
air pollution can also be attributed to declining industrial/
construction activities and significantly decreasing interna-
tional flights due to the border closures. Compared to the first
lockdown, mobility trends and air pollutants reduced consid-
erably during the second lockdown because of more strict
restrictions. The reasons mentioned above also contributed
to a substantial reduction of environmental noise pollutions
in Victoria and metropolitan Melbourne. It can be seen from
the results that after easing of restrictions, mobility trends, air
pollution, and traffic shifted to a typical situation before the
lockdowns within 1-2 month(s). For instance, during July and
August in Melbourne, the air pollution experienced a
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considerable increase even higher than before the pandemic.
Therefore, when the pandemic ends, the lockdown-induced
positive environmental effects will disappear in a relatively
short period. Traffic congestion and air pollution will return
to “business as usual”. One possible way to reduce traffic for
the post-COVID-19 pandemic future is to allow more people
to work from home after the Covid-19 crisis.

The social distancing restrictions can lead to higher munic-
ipal solid waste generations, as observed in Melbourne, due to
increased home renovations, packing waste related to online
shopping, and single-use plastic-based items. Furthermore, to
control the spread of the virus, a mandated or recommended
face mask use policy results in the generation of huge amounts
of PPE such as masks and gloves. The improper management
of the plastic-based waste results in plastic pollutions and
microplastics that cause many environmental issues, such as
killing animals and marine life (Fadare and Okoffo, 2020). It
is worth to mention that despite the suspended recycling pro-
grams in several countries around the world, due to the
COVID-19, the planned and ongoing recycling programs in
Australia and especially in Victoria have not been stopped.
Victorian government and EPA Victoria declared that the fa-
cilities of waste and recycling industries remain open during
the pandemic, and the industries and councils need to continue
to provide waste services to the public (EPA Victoria, 2020).

Conclusions and recommendations

Based on the comparative study results of the current work, it
can be concluded that the COVID-19 pandemic can cause
short-term positive impacts on the environment, but the neg-
ative effects are more severe. For example, many countries,
including Australia, are facing challenges in the waste man-
agement of used PPE which are made of non-biodegradable
plastics that can take hundreds of years to break down in the
environment. According to the estimations of the current
study, about 104 and 160 tons of used face masks were gen-
erated daily during the first and second wave of the pandemic
in Victoria. A noticeable decrease of 85%, 83%, and 76% was
observed for the respective mobility trends of public transport
hubs, retail and recreation venues, and workplaces during a
period of the second wave of the pandemic in Victoria com-
pared to the period of 5 weeks from 3 January to 6 February
2020 (i.e. before the pandemic). Also, PM2.5 levels were
lower by 23% at Alphington and 24% at Footscray from 16
March to 1 May 2020 compared with the average PM2.5
levels in the past 4 years. But decreasing air pollution, traffic,
and noise pollution during lockdowns are not sustainable
ways to improve and clean the environment. More important-
ly, as was observed in the case of Victoria, which experienced
the second wave of the pandemic, the positive environmental
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impacts related to COVID-19 can be vanished in a short peri-
od after easing of restrictions. Moreover, similar to the much
worse situation of the second wave compared to the first wave
in terms of the number of cases in most countries, the negative
environmental effects of a given wave of the COVID-19 can
be harsher and more long-standing than its previous wave.
Therefore, all countries need to pay attention to the impacts
of the pandemic on the environment as it can cause more and
long-lasting environmental problems.

A cross-disciplinary collaborative approach is urgently re-
quired to address the current environmental issues caused by
the indirect negative impacts of the COVID-19 pandemic.
There is a need to reduce the dependency on single-use PPE
and reduce pandemic-generated waste. Repurposing the used
PPE is an effective way to prevent a large amount of pandem-
ic-generated waste from ending up in the landfill. The
authors have already done a feasibility study of using
the shredded face mask with recycled concrete aggregate
as a road pavement material (Saberian et al. 2021). The
results show that building a two-lane 1-km-long road
would require approximately 3 million used face masks
that would otherwise go to landfill. The feasibility study
also found that introducing the used masks to the recycled
concrete aggregate can improve the strength, ductility,
and flexibility of pavements base/subbase. To keep air
and noise pollution at low levels, local governments and
policymakers should implement emissions and vehicle ef-
ficiency standards, encouraging consumers to use electric
vehicles that produce no carbon dioxide emissions and
less noise compared to conventional vehicles.

This paper presents preliminary findings based on the lim-
ited data available. More studies, particularly a large-scale
national or cross-national (regional/international) assessment,
are required to fully understand the impact of the COVID-19
pandemic on the environment.
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