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Abstract: The diffusion of Coronavirus disease (COVID-19) impacted the whole world, changing
the life habits of billions of people. These changes caused an abundant increase in personal protec-
tive equipment (PPE, e.g., masks and gloves) use by the general population, which can become a
concerning issue of plastic pollution. This study aims to evaluate the negative effects of the abun-
dant PPE use following the COVID-19 diffusion using the test site of the Lombardy region, an area
highly affected by the pandemic. Population data were retrieved from national databases, and the
COVID-19 national guidelines were considered to estimate the total use of PPEs during 2020. Then,
the quantity of waste derived from their use was evaluated based on the weight of PPEs. As well,
possible scenarios for 2021 were proposed based on 2020 estimations. The results suggested different
negative effects of the diffusion of PPEs both on waste management and on the environment: The
abundant increase in PPEs-derived waste caused an increase in terms of costs for management,
and the potential direct spreading in the environment of these materials (especially masks) poses a
serious threat for an increase in microplastics in water bodies. Following this evaluation, a careful
choice regarding COVID-19 measures of containment should be performed especially by the general
population, avoiding contagion diffusion and reducing the possible environmental impact derived
from disposable PPE use.

Keywords: COVID-19; personal protective equipment; environmental risk; plastic; waste management

1. Introduction

The pandemic diffusion of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
Cov II) pneumonia disease (COVID-19) [1] highly affected the life of the human population
worldwide, causing severe sanitary emergencies, as well as more than 1,900,000 fatalities
worldwide in 2020, posing a serious threat for the national sanitary systems in different
countries [2]. Emergency measures of social distancing to minimize the diffusion of the
disease were adopted worldwide (with different time spans after the outbreak). These
measures include the adoption of remote working and learning, the addition of strict
hygiene rules for the exposed population, and the use of personal protective equipment
(PPE), such as disposable masks and gloves [3].

The priority of research and risk management was inevitably focused on human health,
considering the severity of COVID-19 effects on human beings. Nonetheless, the pandemic
diffusion of COVID-19 and the consequent changes in life habits of the whole human
population altered the recent human impact on the environment worldwide, revealing
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both positive and negative consequences [4–6]. Among the positive effects observed so far,
a mitigation of CO, O3, NOx, and PM2.5 (and to a lesser extent PM10) human impact on
the atmosphere, as well as a reduction in anthropogenic noise was observed in different
urban settings, following the reduction in vehicular traffic [7–11]; basin water quality was
observed to improve during the COVID-19 lockdown as well [12].

On the other hand, the severe risk of negative environmental impacts regarding the
COVID-19 pandemic has just recently been taken into account by the scientific community:
The great increase in plastic use considering the enormous increase in production and
demand for personal protective equipment [13–15], can turn into a great problem for waste
management [5,15–18]. For example, the World Health Organization (WHO) during the
first months of 2020 requested a 40% increase in disposable PPE production [19]. In this
context, a great number of PPEs were increasingly used in the healthcare system [13].
The use of these materials exponentially increased in the general population too, raising
potential threats for the management of plastic wastes. The waste management of sanitary
and hazardous material is highly monitored, while the evaluation of environmental impacts
of mismanaged urban waste can be more complicated.

Most disposable face masks are made of nonwoven materials (e.g., spunbond and melt-
blown spunbond), often incorporating polypropylene and polyethylene [17,20]. Gloves are
made of different plastic materials (Low-Density Polyethylene, nitrile, latex, vinyl), present-
ing strong mechanic and chemical resistance, causing high persistence in the environment
after possible dispersion [21–23]. Similar to other plastic waste, PPE-derived waste that
is not properly treated can be spread into the environment and will probably reach water
bodies as the final sink [24].

This study aims to quantify the role of the general population on plastic pollution by
the abundant use of PPEs, based on a case study of the Lombardy region (Figure 1a). This
area in northern Italy represents a unique case study: It was among the first hot-spot areas of
COVID-19, contains the second biggest city in the country (Milan) with different urbanized
areas, which were affected by a heavy change in life habits connected with COVID-19
diffusion and presents a long time series of PPE use after the first outbreak, due to the
emergency measures imposed to reduce the virus spread [25]. In contrast to other studies,
which so far have been mainly focused on life cycle assessment of plastic waste derived from
hospitals [13,26], our aim is to investigate the role of the general population in the COVID-
19 related plastic pollution issue, understanding if a more conscious and environmentally
friendly behavior for contagion reduction can possibly reduce the environmental impact
(in terms of plastic waste increase and dispersion into the environment), maintaining good
protection from the contagion.

The estimation of possible environmental impacts connected with waste material
derived from the use of PPEs by the general population in this site can warn about the
severe environmental threats in other settings. An irresponsible management of this
emerging class of wastes could be in fact a potential environmental issue in the near future,
considering that COVID-19 diffusion (especially in Europe) is continuously increasing.

2. Materials and Methods
2.1. Study Area: Epidemiological Situation and Social Implications

Italy has been severely and rapidly impacted by the COVID-19 diffusion [27], with
more than 70,000 fatalities in 2020, reaching a fatality rate of 7.2% among the infected [28].
The Lombardy region (Figure 1a), in more detail, is among the most affected areas, pre-
senting a hot-spot in contagions, with a total of 195,000 infected, updated to 1 November
2020 [29–31].

The health emergency in the area was managed with different phases related to the
epidemiological development of the COVID-19 outbreak (see Figure 1b).

Phase 1: A lockdown period (from 9 March 2020 to 18 May 2020) when most non-
necessary businesses were closed [25]. Social distancing, smart working, and home learning
for school students, as well as the use of PPE and sanitizing solutions, were suggested
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for the general population in order to reduce the spread of the virus. Masks were con-
sidered mandatory on public transport and in every indoor environment. Only the retail
trade for food and the industry connected with the production chain were kept open,
while food services were strictly limited, permitting takeaway only and delivery services.
It was estimated that 48.3% of the businesses had to shut down during this period in
Lombardy [32].
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Figure 1. (a) Total number of COVID-19 contagions in the different regions of Italy in 2020, the study
area of Lombardy is highlighted with blue boundaries. (b) Number of daily new cases in Lombardy
(black symbols) and 7-day moving average (blue line) in the different phases (epidemiological data
obtained from [33]). The background is colored differently depending on the different limitations
in the distinct phases of pandemic control policies (green for period permitting mobility, yellow for
limited mobility periods and red for high restrictions and lockdown periods).
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Phase 2: Following a reduction in new cases and good management of hospital
healthcare, first non-necessary businesses were opened starting from 18 May, including all
shops and retailers, restaurants and food services, hotels, sports plants (swimming pools
and gyms) with some restriction on maximum occupancy in order to maintain a mini-
mum distance of 1 m among commuters. Moreover, transport limitations for the general
population were removed, and people could start to move from houses to visit relatives
and practice outdoor activities. The use of protective equipment remained mandatory in
indoor environments.

Phase 3: From 15 June, other social businesses (bingos, SPAs, thermal plants, kinder-
gartens) started their activity again. As well, concerts, theatres, cinemas reopened with
strict restrictions regarding maximum occupancy. On the other hand, other businesses,
such as ballrooms and dance clubs, were kept closed. Moreover, on 14 September, students
of all grades started normal scholastic activity at schools.

Phase 4: The limited restrictions were kept until 13 October, with the new number of
cases increasing, possibly related to the climate of the study area [34]. In this period, some
restrictions were reintroduced, including limited use of food services and the closure of
cinemas, theatres and other social activities.

Phase 5: Finally, a new lockdown period was announced starting from 6 November
in Lombardy and lasting for at least one month. In this case, in contrast to the 1st phase,
schools remained open until the sixth grade, while most food services (restaurants and
bars) had to shut down. Industries could stay open. As well, social distancing measures
were reintroduced for the general population limiting mobility for non-necessary opera-
tions. Similar measures, limited mobility, and social distancing were maintained until the
beginning of 2021.

2.2. Population Data and Assumptions for PPE Use

The abovementioned health and social situation caused an increase in the use of PPEs
without precedence in the study area: The use of this kind of equipment was mainly
limited to health workers prior to the COVID-19 outbreak. Therefore, in this section, we
will describe the parameters and data sources used to estimate this unique increase in PPE
use in Lombardy. To evaluate the likely number of disposable PPEs that were used by
workers, the indications of the Istituto Superiore di Sanità (ISS) and the Italian Ministry
of Labor have been considered [35,36], applying different utilization rates depending on
the businesses category. While, for the general population, different behaviors have been
considered for the abovementioned phases depending on the age classes of the population.

2.2.1. Retrieved Databases

All the data based on population statistics in the region selected for the study and
used to develop the scenarios (including number of inhabitants, families, number of
businesses, and population habits) were retrieved from online sources of regional and
national governmental databases [32,37–40]. These databases are under open data license.
Population data retrieved and the references of original data sources are available in
Supplementary Material, Table S1.

All the data were then computed using Microsoft Excel spreadsheets, preparing sums,
numbers of people, and consequent PPE use in the different phases of 2020, as well as in
the future scenarios for 2021.

2.2.2. General Population

The population in Lombardy is of about 10 million people, with about 4.5 million
families (the average number of family members is 2.2). The population distribution for
age is reported in Figure 2, indicating close to 50% in sex ratio and the more abundant class
of population aged between 41 and 50 years. This age class is the most active population,
which moves for work and family reasons (see Table 1).
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Table 1. Normal mobility rate for the different age classes in Italy and changes observed during the lockdown phases [41].
People belonging to the different age classes are also reported.

Class of Age (Years) Mobility Rate in
2019 (%)

Mobility Rate during
the Phase 1 (%)

Assumed Mobility in
Phases 2, 4 and 5 (%)

Number of People in
Lombardy

14–29 91 57 74 1,551,026
30–45 94 66 80 2,112,238
46–64 92 66 79 2,847,495
65–80 72 30 51 1,650,392

Among young people, there are a total of about 1.5 million students (ranging from
kindergarten to high school). It should also be considered that following current safety
rules, kids younger than 6-year-old can avoid using PPEs [25]. Data on PPE use by the
general population were assumed in the different phases depending on age, basing on
the different mobility habits of Italians. Mobility of different age classes was, therefore,
considered as in Table 1 for phase 1, then considered as normal habits in phase 3. For the
other phases, since there was no direct data available, an average mobility rate between
phases 1 and 3 was considered.

Considering the different periods for limitation in movements, the use of PPEs by
the general population included an average of 1 mask a day when going out (considering
the people using reusable masks and people using more than one mask a day) and 1 pair
of gloves. Gloves were considered as being used by the general population only until
the end of the 2nd phase. In fact, by the second half of March, the use of gloves in Italy
reduced significantly after new guidelines for the general population were introduced, and
by phase 3, gloves were not recommended by the Italian regulations [25]. Maintenance of
hand hygiene through sanitizer and abundant washing was instead suggested.

2.2.3. Industrial Sector

The industrial sector in Lombardy includes about 1,408,000 workers [32]. Nearly half
(45%) of the industries had to shut down in the 1st phase, while industries directly related
to necessary goods were kept open [42]. Then, in the following phases, industries could
continue their activities, following safety protocols [43].

Assumptions included the use of 1 mask per person per day and 1 pair of gloves per
person per day until the 3rd phase for the reasons already explained in the previous paragraph.
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2.2.4. Retail Trade

Our data collection involved all activities in the sector of retail trade. The type of
businesses of retail trading was divided according to food traders and other good traders.
The food traders were considered essential businesses (which worked in all phases), while
other nonessential goods traders were deemed to be open in the 2nd and 3rd phases. A
total of 242,640 workers are included in the retail trade in Lombardy; about 60% (147,373)
work in the retail of other goods. The estimated use of gloves included 1 pair a day per
person until the beginning of the 3rd phase, while the average use of 1 mask for each
employee a day was considered, following restrictions rules for hygiene [43]. In contrast,
a pair of gloves per day was considered for the whole period for people working with
food products.

2.2.5. Food Businesses

In Lombardy, there are 51,016 businesses for food services, which generally involve
918,100 employed people. Nonetheless, this sector was among the most affected by the
COVID-19 situation, with a decrease of about 30% in the employment rate [44]. Workers
in this sector had to maintain the use of gloves for sanitary reasons (two pairs of gloves
per person were estimated during a workday) and had to use face masks (1 per day
was estimated).

In normal conditions, the average consumption habits in restaurants in Italy include
3 meals out per person per week [40]. Nonetheless, the crisis of this sector and the changes
in habits after the lockdown negatively affected the total amount of guests in this business
sector. Consequently, a change in the citizen habits, with the reduction in the number
of meals in restaurants, considering the guidelines of distancing [36], caused a severe
reduction in costumers for the tourism sector (and consequently restaurants), estimated
to be 30% compared to 2019 data [44]. Moreover, it should be considered that during
the 3rd phase, restaurants could also welcome guests, while in other phases, they could
only deliver food or work with a takeaway service. Therefore, the number of masks used
by guests was considered as 70% of the normal number of people only during the 3rd
phase, considering that people moving for deliveries were already counted for the general
population mobility.

2.2.6. Services

The total number of workers in the sector of services is of about 3 million people [32].
During the pandemic, different sectors of personal services (including administration,
logistics, finance) pushed highly for smart working, especially during the 1st phase, during
which about 65% of the workers had to work remotely [32]. Only following this period,
depending on the different needs of the societies, workers moved to the office or continued
working from home. Since for other phases direct data were not available, an average
situation between pre-COVID19 and 1st phase was assumed, with 32.5% of workers in
smart working. When working in offices, the same conditions as other workers were
considered regarding the use of PPEs (see Section 2.2.3, Industrial Sector).

2.3. Other Assumptions for PPE Use Estimation and Waste Management

For the comprehensive estimation of PPE use by the general population, other general
estimations from population data were considered.

First, while sectors were impacted differently, an average reduction in work occu-
pancy by 17% was evaluated from 2019 to 2020 in Italy [45]. Therefore, in sectors where
direct data on business reduction were not available, this value was applied during the
pandemic phases.

Moreover, healthcare businesses (e.g., hospitals and dental clinics) were not considered
in this study, since the use of PPEs by health workers is inevitable, workers in this industry
are well instructed regarding the correct use of this kind of equipment, and the wastes of
sanitary structures undergoes a specific waste recovery system for hazardous materials.
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3. Results

In this section, following the proposed scenario and different activities selected in the
Methods section, the quantity of used (and then potentially dispersed into the environment)
PPEs during 2020 in Italy will be estimated. Then, the potential impact on plastic waste
derived from PPE in the future period will be forecast for 2021. In order to quantitively
understand the overall potential impacts of the anomalous increase in the use of PPEs
by the general population and to understand the possible negative effects on the waste
management system (as well as the direct effects on the environment), the impact on
different scenarios was calculated as the total amount of waste produced weekly by the
different population and production sectors [46].

Firstly, the weight of PPE materials needs to be considered in order to evaluate their
impacts in quantitative terms (Figure 3). Considering the average weight of a pair of gloves
(4.14 g, estimated from the different polymers used in the market [47]) and the average
weight of face mask (calculated as 9.56 g, basing on the use of both surgical and N95 single
use masks [48]), the total amount of used PPEs calculated from population habits will be
discussed in the results section in terms of the total weight of waste.
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3.1. Estimation of the Load of Produced and Dispersed PPE Waste during 2020

Overall, a total amount of 30,823 tons of plastic waste was estimated by the general
population and workers in Lombardy for the whole year 2020. Raw calculated data from
different population sectors are instead reported in Supplementary Materials, Tables S2 and S3.

Figure 4 shows the potential amount of waste generated weekly in the different phases,
divided into masks and gloves. It is observable that generally, the use of PPEs by the general
population was inversely correlated with the mobility restrictions since social distancing
favors protection without any possible negative impact on the environment. It is clear, in
fact, that during the 1st phase, the use of masks by the general population was quite limited
compared to the following ones. The trend for gloves was highly different since these PPEs
were highly consumed in the first period of the pandemic in Italy, but then their use was
only suggested for some professional sectors, and the use by the general population was
notably reduced. Therefore, considering the overall plastic waste production during 2020
from PPEs, the 2nd phase resulted in the most impacting. Considering that 2% of total
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plastic waste was estimated to be PPEs directly dispersed into the environment [49], in this
period of maximum production, up to 18 tons of plastic waste could be directly spread into
the environment every week.
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Analyzing then the different production rates from all the population categories
considered in this study (Figure 5), an important role was notable from the mobility of the
general population. In fact, the amount of waste from PPEs used by the general population
was more than all the other categories, analyzing the average production of all phases for
masks (and in phases 1 and 2 for gloves, the period of maximum use).

It is also notable that, in the field of services, while a high percentage of workers used
other strategies to avoid contagion (e.g., smart working), the high number of workers in
this sector in Lombardy caused a relatively high impact. Observing the food sector, instead,
the more abundant use of gloves derived from the safety regulations caused different
impacts for the different PPEs in this sector.



Environments 2021, 8, 33 9 of 16

Environments 2021, 8, x FOR PEER REVIEW 9 of 17 
 

 

It is also notable that, in the field of services, while a high percentage of workers used 
other strategies to avoid contagion (e.g., smart working), the high number of workers in 
this sector in Lombardy caused a relatively high impact. Observing the food sector, in-
stead, the more abundant use of gloves derived from the safety regulations caused differ-
ent impacts for the different PPEs in this sector. 

 
Figure 5. Pie charts showing the production rates of wastes from different sectors regarding masks 
in the whole year 2020 (a) and gloves in the period of phases 1 and 2 (b). 

3.2. Forecasting of the Future Periods 
Based on the data of waste production from used PPEs calculated for 2020 in the 

previous sections, a preliminary forecast of waste production rate and dispersions was 
performed. Three scenarios were set and are listed in Figure 6: The estimated percentages 
of dispersed PPEs were retrieved from data of general plastic waste [49], and the amount 
of plastic waste generated by PPEs was assumed based on the overall production of 2020, 
starting from the lockdown period in Lombardy (March 2020). The average weekly 
amount was calculated for the 2020 pandemic period (and considered as a medium impact 
scenario), and possible increases or decreases were considered (for the high impact and 
low impact scenarios, respectively) in order to forecast 2021 waste production. 

While during 2021, a reduced amount of glove use is expected, especially by the gen-
eral population, it is also expected that unrestricted mobility of the population (differently 
from the 1st phase of March 2020) is likely to happen. It should also be considered that the 
first vaccine distribution in Italy is likely to happen during 2021, but the use of PPEs by 
the general population will continue since PPE use is also suggested for vaccinated people 
in Italy [50]. Therefore, it is expectable that the overall amount of waste to be managed 
will be at least similar to the past year. 

Moreover, considering a possible increase in PPE usage and mobility by the general 
population derived from less severe limitations on mobility (compared to 2020) and a 
plausible consequent increase in mismanagement rate of wastes, up to 30 tons of plastic 
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3.2. Forecasting of the Future Periods

Based on the data of waste production from used PPEs calculated for 2020 in the
previous sections, a preliminary forecast of waste production rate and dispersions was
performed. Three scenarios were set and are listed in Figure 6: The estimated percentages
of dispersed PPEs were retrieved from data of general plastic waste [49], and the amount
of plastic waste generated by PPEs was assumed based on the overall production of 2020,
starting from the lockdown period in Lombardy (March 2020). The average weekly amount
was calculated for the 2020 pandemic period (and considered as a medium impact scenario),
and possible increases or decreases were considered (for the high impact and low impact
scenarios, respectively) in order to forecast 2021 waste production.

While during 2021, a reduced amount of glove use is expected, especially by the gen-
eral population, it is also expected that unrestricted mobility of the population (differently
from the 1st phase of March 2020) is likely to happen. It should also be considered that the
first vaccine distribution in Italy is likely to happen during 2021, but the use of PPEs by the
general population will continue since PPE use is also suggested for vaccinated people in
Italy [50]. Therefore, it is expectable that the overall amount of waste to be managed will
be at least similar to the past year.

Moreover, considering a possible increase in PPE usage and mobility by the general
population derived from less severe limitations on mobility (compared to 2020) and a
plausible consequent increase in mismanagement rate of wastes, up to 30 tons of plastic
waste might be directly dispersed in the environment every week during 2021 in the worst
scenario (Figure 6).

However, some possible alternatives for the general population (e.g., washable masks
and biodegradable PPEs, see Section 3.1) can possibly reduce the production of waste
derived from PPEs in 2021, as forecasted in the low impact scenario (Figure 6).



Environments 2021, 8, 33 10 of 16

Environments 2021, 8, x FOR PEER REVIEW 10 of 17 
 

 

waste might be directly dispersed in the environment every week during 2021 in the worst 
scenario (Figure 6). 

However, some possible alternatives for the general population (e.g., washable 
masks and biodegradable PPEs, see Section 3.1) can possibly reduce the production of 
waste derived from PPEs in 2021, as forecasted in the low impact scenario (Figure 6). 

 
Figure 6. (a) Parameters used for the establishment of a future scenario (including an increasing, 
decreasing, or similar weekly amount of the 2020 average value and different rates of mismanaged 
waste [49]). (b) Estimated dispersed plastic waste from PPEs usage weekly in the different scenar-
ios. 

4. Discussion 
Following the quantitative evaluation of used PPEs in 2020 and the forecast for 2021, 

the potential effects of their abundant increase, both on the waste management system 
and directly on the surrounding environment, will be critically evaluated in this section. 
Moreover, suggestions for the conscious use of PPEs (and careful management of the de-
rived waste) will be proposed in order to reduce the environmental side effects derived 
from the COVID-19 pandemic. 

4.1. Impacts on the Waste Management System 
Considering the normal amount of plastic waste managed in Lombardy (up to 20,000 

tons per month [51]), the period of the 2nd phase of lockdown in Lombardy caused an 
increase in plastic waste of about 25% derived from the use of PPEs. Therefore, while a 
general reduction in domestic waste was observed in Milan (the main city of Lombardy) 
during the phase 1 lockdown [52], an important increase in waste derived from PPEs hap-
pened during the whole of 2020. It should also be noted that this situation was foreseen 
by the competent authorities: On 1 April 2020, the president of the Lombardy region is-
sued an order enshrining an increase in the storage capacities of waste treatment plants 
[53]. 

The procedures for managing waste derived from exhausted PPEs during COVID-19 
disease are clarified by the Istituto Superiore di Sanità (ISS) [35]. According to this guide-
line, PPEs should be disposed of with unsorted waste. Moreover, it was suggested to dou-
ble-bag any potentially infective waste [15]. In this way, the reduction in the recycling of 

Figure 6. (a) Parameters used for the establishment of a future scenario (including an increasing,
decreasing, or similar weekly amount of the 2020 average value and different rates of mismanaged
waste [49]). (b) Estimated dispersed plastic waste from PPEs usage weekly in the different scenarios.

4. Discussion

Following the quantitative evaluation of used PPEs in 2020 and the forecast for 2021,
the potential effects of their abundant increase, both on the waste management system
and directly on the surrounding environment, will be critically evaluated in this section.
Moreover, suggestions for the conscious use of PPEs (and careful management of the
derived waste) will be proposed in order to reduce the environmental side effects derived
from the COVID-19 pandemic.

4.1. Impacts on the Waste Management System

Considering the normal amount of plastic waste managed in Lombardy (up to 20,000
tons per month [51]), the period of the 2nd phase of lockdown in Lombardy caused an
increase in plastic waste of about 25% derived from the use of PPEs. Therefore, while a
general reduction in domestic waste was observed in Milan (the main city of Lombardy)
during the phase 1 lockdown [52], an important increase in waste derived from PPEs
happened during the whole of 2020. It should also be noted that this situation was foreseen
by the competent authorities: On 1 April 2020, the president of the Lombardy region issued
an order enshrining an increase in the storage capacities of waste treatment plants [53].

The procedures for managing waste derived from exhausted PPEs during COVID-
19 disease are clarified by the Istituto Superiore di Sanità (ISS) [35]. According to this
guideline, PPEs should be disposed of with unsorted waste. Moreover, it was suggested to
double-bag any potentially infective waste [15]. In this way, the reduction in the recycling
of a material that in normal condition could be easily recycled [4] can cause complications
in waste management, such as:

• Additional costs [54], quantified as almost 9 million euros for Lombardy in 2020,
considering the overall amount of waste derived from the general population and the
average price for a ton of general waste management in Lombardy (i.e., 291 €/ton [51]);

• An increase in carbon footprint and CO2 emissions [55];
• The possible environmental risks, such as the emissions of dioxins from the incinera-

tion of vinyl gloves [56].
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4.2. Impacts on the Environment: The Potential Effects of PPEs and Their Environmental Fate

As for all plastic waste dispersed into the environment, rivers and lakes (abundant
water bodies in the study area) and the sea are expected to be the main sinks of dispersed
PPEs [57]. In fact, 80% of plastic litter is reported to be delivered to the ocean by land-based
sources [58] and plastic pellets represent between 50% and 80% of the total waste occurring
on beaches and in water and on seabeds [59]. The first reports of diffused PPEs in water
bodies were recently presented in the literature [52]. While their accumulation in water
bodies causes evident and serious issues for the environmental value of water bodies and
their fauna, the possible weathering of dispersed PPEs can present even more concerning
side effects.

Disposable PPEs used during the COVID-19 pandemic are mainly made of polymers,
such as nitrile rubber, latex, or polyethylene, which require the use of additives, such as
softeners, stabilizers, and flame retardants, to enhance their physical properties [60,61].

When PPEs are spread widely into the environment, these substances, which can be
toxic or have endocrine disruptor features [62], undergo leaching processes (especially in
the water environment), negatively affecting organisms [63,64]. Moreover, some of these
polymers present known toxic effects on living organisms [65].

Another concerning side-effect of PPE weathering is the deterioration by UV radiations
and physical abrasion of the polymers [59,64,66,67], possibly generating microplastics (i.e.,
particles with size <5 mm; [24,68]). Microplastics can adsorb water pollutants and, due
to their dimensions, could be ingested by water organisms, affecting the food chain, with
potential bioaccumulation in humans, too [69–71].

In this view, the use of masks probably presents a more concerning environmental
risk (Figure 7). In fact, while the glove degradation rate is comparable with other poly-
mers, the fibrous material of face masks suggests a faster mechanical degradation into
microfibers [72].
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4.3. Necessary Measures and Solutions for Minimizing the Impact

The use of disposable PPEs was strongly recommended by the national government
in Italy since clearly the main issue to solve was the spread of COVID-19 diffusion, and
their secondary environmental impacts were scarcely considered.

Focusing on gloves, their use was limited after the 3rd phase of the pandemic in Italy
since they require adequate preparation with the correct procedures in their utilization,
and their incorrect use can cause adverse effects (e.g., self-contamination [73]). Conse-
quently, the use of plastic gloves was maintained mostly for the more exposed categories
of the population (i.e., health workers [3,13]). This change in general population habits
significantly limited the effects of increased demand for gloves and possible consequent
plastic pollution.

As an alternative, WHO recommended alcohol-based hand sanitizers for frequent
hand hygiene. Nonetheless, while these measures can work perfectly in the short-term,
long-term effects should be considered in future studies. These products are mainly made
from ethanol, isopropyl alcohols, hydrogen peroxides in different combinations, which can
have some negative side effects (e.g., irritation and allergic condition of skin and eyes by
dermal contact [74,75]). However, their use for hand hygiene results in a more sustainable
way to avoid contagion compared to gloves.

Moving to masks, these PPEs are known reliable tools for reducing COVID-19 spread
(as for other contagious diseases). Their effect in the fight in the COVID-19 pandemic has
already been highlighted, and their substitution is not considered yet [48]. The only reliable
and more sustainable measure to apply under present conditions is the use of washable
and reusable masks, at least for the general population and low-risk environments (e.g.,
shops and open spaces). These masks, if prepared with adequate textiles, can perform
similar filtration efficiency [76,77], representing a greener alternative in terms of plastic
pollution and also in terms of CO2 emission related to the mask lifetime [55]. Nonetheless,
the filtration efficiency has to be better tested after more washing cycles to understand how
washing can affect performances. As well, future studies should also focus on the issue
of plastic microfiber pollution related to reusable masks and their washing, as for other
synthetic textiles [77].

Another recently proposed alternatives include the use of biodegradable polymers
as the basis for the production of face masks [78]. This alternative should be considered,
especially for future scenarios of possible new pandemics.

As observed from Figure 5, the general population have an important effect on the
plastic waste production derived from the use of PPEs, and the sustainable use of these
protections can actively reduce the plastic pollution related to the COVID-19 outbreak.
Moreover, to trace and monitor the potential effects of PPEs-related plastic pollution,
a key role in monitoring the impact could be played by water management societies
(e.g., environmental protection agencies and water suppliers) and wastewater treatment
plants. In fact, besides playing an important role in evaluating SARS-Cov II persistence in
water [79–81], these services can monitor and evaluate the risk posed by this emerging and
recent source of plastic pollution and plan strategies for remediation systems.

5. Conclusions

In summary, this work highlighted the role of the general population in the PPEs-
derived waste generation after the COVID-19 pandemic, analyzing the data of the Lom-
bardy region in Italy, an area that was among the first struck by COVID-19 diffusion.
The evaluation of the impacts in 2020 and the forecast for 2021 highlighted an important
increase in plastic waste derived from used PPEs, confirming an important role of the
general population in the environmental issue of PPEs-derived waste.

This increase in plastic waste directly affects (especially in term of costs) the waste
management system, but more importantly, can increase the environmental impacts derived
from plastic pollution. PPEs can be, in fact, a source of microplastic particles if directly
dispersed into the environment (this is especially true for face masks).
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Additionally, the estimated increment in the amount of waste by our case study
highlights the potential threats which probably also affect other urban contexts, especially
in developing countries that can have problems in waste management. This is an issue that
needs to be faced in future scenarios of the COVID-19 pandemic.

Considering the potential environmental threats of PPEs-derived waste, conscious
use of PPEs (especially by the general population) and careful waste management play
an important role in avoiding the spread of COVID-19 and also reducing environmental
impact. Other forms of preventions (i.e., sanitizers, social distancing, reusable masks)
could successfully represent environmentally friendly alternatives to single-use PPEs.
Considering the ongoing diffusion of COVID-19, the conscious use of PPEs by the general
population is of great importance to avoid the severe negative environmental implications
of this pandemic.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/environments8040033/s1, Table S1: People in Lombardy for the different population classes
analyzed in our study, and source of the data obtained; Table S2: Total numbers of masks wasted
weekly (in tons) for different classes of the population during the different phases of lockdown
established in Lombardy; Table S3: Total number of gloves wasted weekly (in tons) for different
classes of the population during the different phases of lockdown established in Lombardy.
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