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Abstract
The Covid-19 pandemic has caused the alteration of many aspects of the solid waste management chain, such as variations in
the waste composition, generation and disposal. Various studies have examined these changes with analysis of integrated
waste management strategies; qualitative studies on perceived variations and statistical evaluations based on waste collected
or disposed in landfills. Despite this information there is a need for updated data on waste generation and composition,
especially in developing countries. The objective of this article is to develop a data sampling and analytical approach for the
collection of data on household waste generation and composition during the pandemic; and, in addition, estimate the daily
generation of masks in the study area. The proposed methodology is based on the principles of citizen science and utilizes
virtual tools to contact participants, and for the training and collection of information. The study participants collected the
information, installed segregation bins in their homes and trained their relatives in waste segregation. The article presents the
results of the application of the methodology in an urban district of Lima (Peru) in August 2020. The results suggest an
apparent decrease in household waste per capita and a slight increase in plastics composition in the study area. It is estimated
that each participant generates 0.124 masks per day and 0.085 pairs of gloves per day. The method developed and results
presented can be used as a tool for public awareness and training on household waste characterization and segregation.
Furthermore it can provide the necessary evidence to inform policy directives in response household waste issues and
Covid-19 restrictions.

Keywords Bio-medical waste management ● Disposable masks ● Participatory methods ● Waste composition ● Waste
generation

Introduction

In 2020 the Covid-19 pandemic caused strict quarantines in
almost all cities in the world (Jribi et al. 2020). In Peru the
first Covid-19 case was reported in March 2020 and days
later a lockdown was decreed. In Lima, the strict quarantine
lasted until June 2020, from that date the mobility and
commerce restrictions were gradually lifted. However, as of
mid-June 2021, the city was still partially quarantined, with
schools and universities having not resumed face-to-face
classes and remote work continuing to be the norm for part
of the population (Vega Córdova 2021).

The quarantines and social distancing measures imposed
produced a series of positive environmental impacts such as
the reduction of air and water pollution (Saadat et al. 2020),
decrease in noise pollution, decline on energy consumption
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and greenhouse gas emissions and, lessening on wildlife
trade and deforestation (Patrício Silva et al. 2021). How-
ever, several negative environmental impacts have also
emerged, for example, diminution in indoor air quality
(Patrício Silva et al. 2021); higher levels of persistent che-
micals in wastewater due to the increased consumption of
antibiotics, sanitizers and disinfectants (Elsaid et al. 2021);
and an increase of medical waste (Singh and Tirkey 2021),
especially masks, gloves and hand sanitizers (Bashir et al.
2020, Thakur 2021).

Analysis of the Covid-19 Impact in Solid Waste
Management

To examine the effects that the Covid-19 pandemic has
caused in waste management, various approaches have been
used, including the analysis of variations in waste manage-
ment strategies; statistical studies of fluctuations in the
amount of waste generated and; qualitative evaluations of the
changes perceived by specialists, local authorities and the
general population. Some researchers have carried out studies
on the main challenges that the pandemic has posed for waste
management. These reports do not focus on specific areas or
countries but rather on the common problems faced by the
waste management systems on a whole. Nghiem et al. (2020)
analysed the implications of the virus survival in different
environments, in the generation, segregation, collection,
recovery and disposal of waste. Sharma et al. (2020) ana-
lysed the strengths and weaknesses of different waste sys-
tems focusing on the types of waste of greatest concern
during the pandemic such as medical, plastic and food waste.

Quantitative studies have also been carried out based on
waste collection and disposal data during the pandemic
provided by the government and the private sector. In the
case of Shanghai, Brno (Fan et al. 2021) and Sao Paolo
(Urban and Nakada 2021) the data released by the gov-
ernment allowed the researchers to make statistical com-
parisons to identify the variations caused by the pandemic.
Other studies used data from weighing at the entrance of
sanitary landfills; for example in Regina, Canada (Richter
et al. 2021b) and Khenifra, Morocco (Ouhsine et al. 2020).
In Regina the researchers observe noticeable differences in
waste composition during Covid-19 (Vu et al. 2021). In
Khenifra the quantitative data revealed a decrease in waste
generation between February and March 2020 (Ouhsine
et al. 2020). However, there is a lot of disparity in the
amount of data available and in level of analysis made by
each of the studies. In Shangai, Brno and Khenifra the
analysis only took into account the two previous years
(2019 and 2020). In Sao Pao the researches analysed data
from the past 10 years, and in Canada from the past 7 years;
the former utilized descriptive statistics tools whereas the
latter used more sophisticated and visual statistics graphs.

Other studies have made use of qualitative information
from online surveys and telephone interviews. Most of these
interviews were conducted with local officials and specia-
lists, and surveys were applied to common citizens. The
scope of these studies included the variations in waste
generation, collection and disposal; the use of waste seg-
regation points during the pandemic; the use and disposal of
personal protective equipment (PPE) including masks and
gloves and; the variations in the generation of food waste.

Qualitative Analysis of Urban Waste Changes during
the Pandemic

In Iran, a questionnaire was applied to municipal officials and
waste management specialists to understand fluctuations in
solid waste generation, disposal and collection (Zand and Heir
2021). The information allowed the identification of main
changes in the waste collection and disposal systems. Given
the availability of data on medical waste, the researchers
carried out a more detailed analysis of the variation of this
type of waste. They found an increase in medical waste
during the pandemic. Regarding the use of gloves and masks,
the daily generation of masks was estimated for two scenar-
ios; with and without legislation that requires the use of
masks. Researchers estimate that if the use of masks is not
mandatory, the level of acceptance will decrease over the
months. This research focused on the technician’s points of
view and understanding the main challenging they faced.

Another study conducted in Guyana and Nigeria
(Moonsammy et al. 2021) implemented online surveys to
identify the effects of the pandemic on waste generation and
collection and how this perpetuates illegal waste disposal.
In the case of Guyana, the probability of improper disposal
increased along with the alterations in the collection sche-
dule and proximity to a sanitary landfill; in Nigeria, the
surge in waste generation augmented the frequency of
improper disposal. In both cases, people involved with
recycling activities tend to dispose their waste via the for-
mal collection systems. This research reflected the waste
disposal practices of common citizens using a considerable
sample (216 in Guyana and 273 for Nigeria). The anon-
ymous quality of the survey probably allowed the
researchers to gathered more sincere responses and have a
more exact assessment of the impacts of quarantine on
waste disposal.

In Mexico, Toledo Cervantes et al. (2020) analysed
changes in cleaning habits, disinfection and disposal of
household waste since the pandemic. The researchers
evaluated the use of “clean points” to deposit recyclable
waste during quarantine. The ethnographic research
described the modifications in the behaviour of people,
caused by the pandemic, and made recommendations to the
local government to improve the techniques related to waste
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collection and disposal. The latter research was more
descriptive and observational in practice; this might result in
a biased report influenced by the researcher’s point of view.
Furthermore there aren’t sufficient inputs from interviews or
surveys to formulate the conclusions of the study.

In Bangladesh, Islam et al. (2021) and in Poland, Now-
akowski et al. (2020), conducted studies to examine the
disposal of PPE during the pandemic, specifically masks
and gloves. In Bangladesh the research focused on water,
sanitation and hygiene practices. As the objective of the
researches was to known the disposal practice of common
citizens the study completed a total of 1353 participants, all
of whom answer the questions virtually. The results indicate
that masks and gloves are disposed together with household
waste, which poses a risk to waste collection personnel. In
Poland, Nowakowski et al. (2020) studied the use and
disposal of PPE among local authorities. The researchers
reported that a large part of residents disposed their masks
and gloves together with common waste or recyclable
plastics. The surveyed officials suggested a separate col-
lection stream for this type of waste, either in special con-
tainers, through the delivery of special bags or the
installation of collection points. Researchers survey a total
of 150 individuals using Google Forms.

In Tunisia, Jribi et al. (2020) examined the generation of
food waste during the pandemic in middle class households
utilizing online surveys. The disturbances in the food sup-
ply chains and the strict confinement at the beginning of the
pandemic motivated the researchers to assess the perception
of the respondents regarding the transformations that the
pandemic produced in the generation of food waste and
groceries shopping habits. The researchers found that the
Covid-19 lockdown pushed participants toward a positive
behavioural change, probably driven more by the socio-
economical context of the pandemic than by environmental
concerns. In Romania Burlea-Schiopoiu et al. (2021) ana-
lysed the impact of the pandemic on food waste among
collegue students. In this case, there was also a reduction in
the generation of food waste and a greater awareness of the
environmental consequences of food waste. Although tar-
geting different types of populations, both studies arrived to
similar conclusions; the Covid-19 quarantine had a rela-
tively positive effect on food waste reduction.

Collecting Waste Management Data in Developing
Countries

Waste management data allows governments to select
appropriate management methods and design adequate sys-
tems for the collection, treatment and disposal of waste (Kaza
et al. 2018). In Latin America, for example, only the cities of
Quito and Sao Paolo have publicly available monthly data on
waste disposal (EMGIRS 2020, São Paolo 2020). In the rest

of the cities of the region, these type of data are not collected
and/or disseminated (Tello Espinoza et al. 2011). In many
African countries, statistics on waste generation, collections
treatment and disposal is very limited. Overall, systematic
public reporting on waste data is largely limited to high-
income countries and some middle-income countries with the
World Bank reporting that 231 countries lack data on waste
information systems (Kaza et al. 2018). For this reason, it is
important to develop tools that allow the collection of
quantitative data on waste generation and composition to
understand the impacts of the pandemic in developing
countries and thus be able to make the necessary corrections
and improvements in waste management.

Citizen Science for Collecting Waste Management
Data

A very useful tool for collecting this type of data is citizen
science. Citizen science can be defined as the participation
of people in scientific activities that may include recording
and monitoring of various sorts of data (Pocock et al. 2019).
As some authors have previously stated citizen science can
be defined using three main components; public participa-
tion, voluntary contributions and knowledge production
(Adams 2019, Fraisl et al. 2020). Within this framework the
public engagement may have different degrees of partici-
pation (Fraisl et al. 2020). In our case the involvement of
participants fits more closely with the contributory project
type, when the project is designed by scientists and
volunteers are mostly involved in collecting data.

Citizen science approach has proven to increase engage-
ment and awareness amongst participants (Mitchell et al.
2017). In the environmental field, citizen science has been
used in conservation, ecology and environmental pollution
issues (Pocock et al. 2019). Citizen science in waste man-
agement has largely been utilized from a pollution perspec-
tive, mainly in the assessment of plastic contamination in
marine ecosystems. For example, evaluating the presence of
microplastics on shorelines in the Bahamas (Ambrose et al.
2019), analysing the presence of metals in microplastics
collected on shorelines in Australia (Carbery et al. 2020) or
studying litter on beaches in China (Chen et al. 2020). Citi-
zen science in the study of solid waste characterization is an
issue that has not been explored. As far as the authors are
aware, there has only been one study of this type carried out
in Argentina (Pierini et al. 2021), where citizens separated
and weighed their waste for a week.

The methodology presented in this study proposes a
novel way to collect information on household waste
characterization in confined conditions using citizen science
and without the requirement of house-to-house data col-
lection. This tool can also be used as an awareness tech-
nique for waste reduction and segregation. The objective of
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this article is to develop a data sampling and analytical
approach for the collection of data on household waste
generation and composition during the pandemic. The
method would be demonstrated by quantifying household
waste generation, waste composition and daily generation
of masks in the study area. Unlike other studies that apply
surveys and questionnaires to common citizens (Islam et al.
2021, Jribi et al. 2020, Moonsammy et al. 2021, Now-
akowski et al. 2020), this study involves them in the gen-
eration of information. Furthermore, it teaches them to
implement a household waste characterization study within
their homes and accompanies them in the process of
installing segregation bins in their houses and train their
family members.

The main benefit of the proposed methodology is the
educational and awareness aspect. Participants receive
training in household waste characterization and have the
opportunity to practice what they have learned at home and
train their families. The methodology can be applied as an
environmental education technique since participants are
trained to carry out waste segregation activities, install
segregation bins in their homes, make compost, elaborate
eco-bricks, etc. Other benefits of the proposed methodology
are the collection of data on waste characterization for
decision-making, lower consumption of resources compare
to community fieldwork-based studies and reducing the risk
of contracting Covid-19 from collecting household survey
data. The application of this proposed methodology is a
viable alternative in urban areas with Internet access. Even
in situations of strict confinement this proposed methodol-
ogy can be applied without major inconveniences.

Methodology

The study was organized and conducted by the Solid Waste
Technical Team of the Faculty of Environmental Engi-
neering of the National University of Engineering (ETRS
FIA-UNI), in coordination with the Office of Environmental
Management of the Municipality of Comas.

Study Area

The study was carried out in the Comas district, an urban
area located in the city of Lima, capital of Peru (Fig. 1). It
has a total population of 575,800 (CPI 2019). The Comas
district is the fourth most populated district in Lima and in
Peru (CPI 2019); furthermore it has one of the highest rates
of demographic growth, as in recent years it grew at a rate
of 3% mainly due to national migration (Municipalidad
Distrital de Comas 2021). This area is a good representation
of the middle class in the Lima Metropolitan area.
According to the household income per capita, half of the
population is middle class (53.3%) and majority of the other
half is lower middle class (40.8%) (INEI 2021). The area
was selected due to previous contacts with local govern-
ment officials from the Environment Office and their will-
ingness to contribute to this research.

As stated by the Ministry of Health, as of June 16, 2021,
the Comas district has been one of the most affected with
the Covid-19 in Metropolitan Lima; during the first six
months of 2021, a total of 17,328 cases have been repor-
ted, which represents 4.5% of the Lima region. (Ministerio
de Salud 2021).

Fig. 1 Location of the study area

Environmental Management (2022) 69:1078–1090 1081



Waste Characterization Study

The methodology consists of three phases; (1) call and
registration, (2) training and awareness, and (3) data collec-
tion and analysis. In total, four virtual sessions were held on:
(i) solid waste management, (ii) explanation of the study
methodology, (iii) composting and organic gardens at home
and, (iv) devolution of preliminary results. The training ses-
sions and data collection instruments (questionnaires, Word
templates and Google forms) were conducted in Spanish,
English versions are provided in the supplementary section.

In Phase 1, on August 2020, a call (Figure S1) was made
through the ETRS FIA-UNI Facebook page. Involvement in
the study was voluntary; the participants did not receive any
financial incentives. Facebook was chosen because it is the
only social network managed by the ETRS FIA-UNI; and
also, in Peru, Facebook is the social network with more
users (Adco 2020). The study sample consisted of those
people who responded to the call made on Facebook.
Interested people registered using a Google form (Table
S1), in this, they also completed a survey on waste segre-
gation and waste generation. During a 15-day period, a total
of 337 people completed the registration form and survey.

In Phase 2 (first week of September 2020), we organized a
virtual session via Google Meet on solid waste management
with the attendance of 120 people. The following day, we
carried out a second session on waste segregation and
explained to the participants the specific details of the study.
After the second session, and before starting the data gath-
ering phase, participants were given two days to install four

segregations bins (Fig. 2) in their houses and replicate the
training among the family members living with them (5.7 on
average, this figure was calculated by making a simple
average of the number of family members in each house).
The selection of the four containers for waste separation
corresponds to the Peruvian regulations (NTP 900.058:2019.
Waste Management. Solid Waste Storage Colour Code).

Data collection was carried out using two Google Forms
and a Word template. The Word template was used as a
daily log for data recording; complementary to this, parti-
cipants completed a Google form on day four (with data
from day one to day four, Table S2) and a second Google
form on day seven (with data from day five to day seven,
Table S3). This double registration (on Word and Google
forms) helps monitor and corroborate the data collected;
Google forms facilitate the processing of the information in
Excel spread sheets and the Word template is an easy way
for collecting photographs.

In the Word template participants recorded their personal
data, daily weighing measurements (Figure S2) and pho-
tographs taken. We request photographs of: the imple-
mentation of containers, organic waste, recyclable waste,
non-recyclable waste, hazardous waste, recycling or repur-
pose of household waste (composting, eco-bricks, among
others) and training of family members.

The waste was separated into six groups (Figure S2): (i)
organic, (ii) recyclable, (iii) non-recyclable, (iv) hazardous,
(v) eco-brick and (vi) used oil. Eco-bricks are plastic bottles
packed with clean and dry, non-recyclable and non-
hazardous waste used for building purposes. Used oil

Fig. 2 Segregation bins
elaborated by the participants of
the study and installed at their
home. Photos (a) depicted the
four segregation bins installed:
organic, hazardous, non
recyclable and recyclable waste;
photo (b) shows the organics,
recyclable, non-recyclable and
hazardous waste bins; photo (c)
shows, besides the four
segregation bins (hazardous,
organics, recyclable and non-
recyclable), containers for the
ecobrick (left side) and used
cooking oil (right side)
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refers to oil and grease originated from the residential
cooking process. The first four categories correlate to the
segregated containers that were installed before starting the
study (Fig. 2). The waste from these containers was
weighed daily, reporting the partial sums on day four and
day seven. In the case of the last two categories (eco-brick
and used oil) only one weighing was carried out on day
seven, since it is expected to generate fewer of these two
types of waste. Table 1 details the type of waste for each of
the six groups.

Table 1 details the type of waste for each of the six groups.
Given that the coronavirus could stay viable on the sur-

face objects ranging from a few hours up to nine days
(Kampf et al. 2020) there is a high possibility that masks and
gloves can be contaminated with the coronavirus making
them infectious waste (Manupati et al. 2021, Valizadeh et al.
2021), therefore they were classified as hazardous waste.

Recyclable wastes were weighed according to specific
waste categories (terephthalate polystyrene; high-density
polyethylene and polypropylene and; glass, metal, paper,
cardboard and tetra pack). This classification responds to
the interest of the Municipality of Comas to know the
amount of plastic waste that would be generated as this type
of waste has a higher sale value in the local recycling
market. In order to have a greater detail of the composition
of the non-recyclable waste, these were weighed following
three categories (Table 1), the unclassifiable waste was
placed in the “other waste” sub-category. Participants were
instructed to store the used oil in plastic bottles for proper
disposal instead of pouring it down the drain.

For Phase 3 of the study, data collection began after the
container bins were installed at home and the participants
trained their families. The seven-day study followed these
sequence:

● Day 0: Elimination of all waste generated at home at the
end of the day, so that day one begins without any waste
at home.

● Day 1 to day 7: Daily weighing of the waste generated
in each container, recording of the weights in the Word
template (Figure S2).

● Day 4: Recording of the partial sum from day one to
four in the Google form (Table S2).

● Day 4: Third training session in composting and organic
gardens at home. This session also addressed any doubts
the participants might have regarding the study.

● Day 7: Recording of the data from day five to seven on
the Google form (Table S3), including data on the
weight of the eco-brick and oil for the entire week. In
this Google form participants also registered number of
masks and gloves that were discarded as waste during
the study week, and attached the Word template file.

Each participant carried out the weighing of the waste
with different types of scales (top loading scales, mechan-
ical weighing scales, digital receiving scales, digital price
computing scales, hanging scales, etc.). The participants
used the scales they had in their homes. In cases where they
did not have scales, they were recommended to purchase a
digital receiving scale (up to 10 kg). As in a conventional
waste characterization study, all waste was weighed wet.

A WhatsApp group was created to facilitate constant
communication with the participants and to absolve any
doubts they might have during the seven days of the study.
We received between five to eight questions per day. Our
team answered most of the questions within 2 h. One week
after the end of the characterization study (and after com-
pletion of Phase 3, the data analysis), a fourth and final
session was organized. In this session we share with the
participants the preliminary results of the study as well as
the results of similar studies carried out in other locations.

In order to reduce the variability of the individual inputs
a series of measures were applied: (i) training, (ii) constant
monitoring and (iii) reviewing of pictures provided by the
participants. In the second session held the participants were
given specific details and instruction on how to conduct a

Table 1 Type of waste
Type Description

Organic Peels and remains of fruits and vegetables; weed and pruning residues such as flowers,
leaves, stems, grass and other similar organic waste

Recyclable Terephthalate polystyrene

High-density polyethylene and polypropylene

Glass, metal, paper, cardboard and tetra pack

Non recyclable Sanitary waste: diapers and waste generated in the bathroom

Food waste

Others: fabrics, dust, expanded polystyrene, used paper towels, etc.

Hazardous Batteries, medicine waste, light bulbs, gloves, masks, etc.

Eco-brick Candy and food wrappers, aluminium foil, medicine blisters, receipts paper, drinking
straws, etc.

Used oil Left over oil after food preparation
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waste characterization study, a series of examples were
shown on how to segregate waste and what typo of waste to
consider on each container. The WhatsApp group created
served as means for participants to daily raise their ques-
tions regarding waste classification and weighing. Finally,
the Word template file provide by the participants on day
seven contained photos from each container; the project
team review all the reports and photos to make sure all
waste was properly classified.

Waste Generation per Capita

A total of 34 participants finished the seven-day char-
acterization study. The data obtained with homemade
hydrostatic balances and from less than four days were
discarded. This resulted in a valid sample of 26 households.

The guideline for waste characterization of the Ministry
of the Environment in Peru (Ministerio del Ambiente, 2019)
was used for data processing and determination of the waste
generation per capita (WPC) and waste composition.

The error (E) of estimation of WPC was calculated using
Eq. (1), the sample number (n= 26) and the standard
deviation (σ= 0.22) of the WPC.

n ¼
Z2
1�α=2 Nσ

2

N � 1ð ÞE2 þ Z2
1�α=2σ

2
ð1Þ

In Eq. (1) Z1�α=2 is the confident coefficient (1.96 in this
study), (1-α) the confidence level (95% in this study) and N
the population size. The value of the standard deviation is
taken under the assumption that the population is normally
distributed, and considering 95% reliability.

To compare the household WPC of this study with data
from previous years we use the information from two
reports elaborated by the Comas municipality in 2014 and
in 2019. The Solid Waste Management Plan, elaborated in
2014 (Municipalidad Distrital de Comas 2014), indicates
the household WPC for 2014 and projections for 2015,
2016 and 2017. The Waste Characterization Study pub-
lished in 2019 (Municipalidad Distrital de Comas 2019)
specifies the household WPC for that year.

Limitations of the Methodology

As with any proposed methodology, especially one that is
based on participatory processes such as citizen science,
there are limitations and assumptions that need reporting.
Since the basis of this methodology is predominantly pre-
senting a sampling method to collect waste data at the
household level, the researchers assume particular condi-
tions of the households participating in the survey. It is
assumed that anyone expressing an interest to participate in
the study would have access to the Internet at home and

access to WhatsApp on their mobile devices. The need for a
stable Internet connection to partake in the study can limit
the scope of the sample especially in the rural and poor
communities of a developing country. If the sample taken
only considers participants with access to the Internet, it is
only possible to sample medium and high socio-economic
levels especially in developing and less developed coun-
tries. Though this is not a fully representative sample of the
entire population, the methodology and its corresponding
data can be customized and would have interpretive value to
address specific community needs. This is pragmatic as a
methodology for waste management studies as this is pre-
dominantly done on a community scale with each munici-
pality having its own unique challenges.

At the pre-screening interface with interested partici-
pants, the research team exercises the resources and time to
fully engage participants with the assumption of their full
commitment to completing the processes in the study. As
this study follows the standard research ethical principles
which means that all participants are consenting, voluntary
adults not classified as a vulnerable group and is allowed to
withdraw from the study without the fear of any negative
implications. The ethical standards dictate that participants
could voluntarily withdraw at any time. The level of work
and commitment (requiring engagement for seven days) can
be too time consuming for many participants causing them
to withdraw. Likewise, the laboriousness of the study
implies that only people who recognize the importance of
waste management will be motivated to participate during
the seven days of study. Though this limitation maybe
unavoidable, the researchers tried to manage this from
happening by maintaining constant communication with
participants via WhatsApp. The purpose for maintaining the
constant communication is to address any concerns the
participants may have, to encourage them in keeping up
with the process and re-enforce the importance of the study
to overall issue of waste management in the country as a
means of motivation. This level of engagement by the
research team does not lead to bias in the results and as the
data comes from the participant conducting the waste seg-
regation activity over the seven days and does not prompt
any behavioural changes for favourable results. Further
work is needed to explore other incentive methods to
encourage participants to commit to the sampling process.

An important element in the methodology proposed is
the use of scales to weigh the waste separated. The research
team recognized that all participants would use varying
scale types for the weighing activity. The variability in the
type of scales used by the participants (top loading scales,
digital receiving scales, hanging scales, mechanical scales,
etc.) and the different weighing methods can contribute to
the error in the WPC estimation. However, it might be the
case that this error is counterbalancing and calibration and
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this does not take away from determining the composition
of the residues with the quartering technique. To encourage
the proper use of scales in weighing by participants, the
communication engagement between the research team and
participants was used to alleviate this challenge as the
research team attempted to guide the participants in cor-
rectly conducting the weighing activities as outlined in
Phase 3 of the methodology.

Results and Discussion

The household WPC is 0.421 kg/cap*day with a standard
deviation of 0.22. Figure 3 depicts the household WPC
from 2014, 2015, 2016, 2017, 2019 (Municipalidad Dis-
trital de Comas 2014, 2019) and 2020. The bars in the WPC
values indicate the error, 10% in the Waste characterization
studies (Minam 2018) and 20.3% in this study. The results
suggest that in 2020 there was an apparent decline in the
household WPC that can be attributed to the Covid-19
pandemic. This study shows a slight decrease in the WPC at
the household level for 2020 that can attribute to a change in
waste composition. With the quarantine measure of the
pandemic, household consumption of consumer goods and
services has decreased and the consumption of medical
personal protective equipment (PPE) has increased. The
change in waste composition weight can be attributed to the
change in the volume distribution of consumer items at the
household level. Zand and Heir (2021) demonstrated the
change in composition of waste towards more medical PPE
which affected the WPC in Iran.

Figure 4 shows the total metric tonnes of municipal
waste (household waste plus commercial waste) collected
monthly since 2015 in the Comas district. In the period

2015–2018 there is a decrease trend on waste collection.
This reduction can be related to many things, one of them
could be a mismatched between the amount formally
reported and the amount actually collected. In 2019, with
the entrance of a new mayor, the municipality made sub-
stantial efforts to increase waste collection; by mid 2018 the
municipality acquire five new waste collection vehicles, this
explains the increase from 2018 to 2019. Additionally, there
is a clear decline in municipal waste collected between 2019
and 2020, and an increase between 2020 and 2021. The
decrease between 2019 and 2020 is associated with the
quarantine conditions in force since March, the reduction of
commercial activities in the streets decrease the amount of
waste collected. The increase between 2020 and 2021 is
linked to the economic reactivation post quarantine.

Although there have been many reports for the increase of
waste generation during quarantine (Pruett 2020, Sarkodie and
Owusu 2020, Tenenbaum 2020), the decrease in solid waste
during quarantine is a phenomenon that has been observed in
other cities in Asia and Europe. In Milan there was a reduction
of 27.5% in total waste; in Catalonia, a diminution of 16.65%
of municipal waste and; in Barcelona, a 25% decrease in total
waste (Sarkodie and Owusu 2020). In China, the government
reported that the amount of municipal solid waste generated in
large and medium-sized cities was reduced by 30% during the
Covid-19 outbreak (Klemeš et al. 2020). Likewise, Fan et al.
(2021) reported a 23% decline in municipal solid waste in
Shanghai. In Latin America, the application of this metho-
dology also evidenced a reduction in the generation of
household waste in Lima (Peru) (Requena et al. 2020), Panama
(Requena Sanchez et al. 2021a) and Honduras (Requena
Sanchez et al. 2021b). This decrease may be due to a lower
purchasing power of families caused by the economic reces-
sion resulting from the quarantine (Ikiz et al. 2021, Naughton
2020). It has been widely recognized that the shutdown of
activities has caused large economic losses (Elsaid et al. 2021).
Another explanation for the decrease in waste generation could
be the sample selection as explained in the limitation of the
methodology (Section Limitations of the methodology). The
time-consuming aspect of the methodology implies that only
motivated people participate; this group might have previously
adopted practices to reduce the amounts of waste generated.

Waste Composition

Table 2 shows the composition of household waste obtained
in the present study; 57.5% organic waste and 11.96%
recyclable waste, more than half of recyclable waste was
composed of plastic (6.59%). Although the study popula-
tion is of medium and middle-low income, their waste
composition is similar to the typical composition of a low-
income population (Kaza et al. 2018); high percentage of
organic waste and lower percentage of recyclable waste.
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Nonetheless, the results obtained are similar to those of the
municipal waste characterization study of Comas in 2019
(Municipalidad Distrital de Comas 2019) where the com-
position was found to be 58.9% organic waste and 10.84%
recyclable waste.

Figure 5 depicts the household waste composition from
2014, 2019 (Municipalidad Distrital de Comas, 2014, 2019)
and 2021. The bars in the percentage composition indicate
the error, 10% in the Waste characterization studies (Minam
2018) and 20.3% in this study. No major changes were
detected in the proportion of organics; paper, cardboard,
glass metal and; non-recyclable waste (Fig. 5). However,
from 2019 to 2020, an increase of 44.45% is observed on
the composition of plastics (from 4.56 to 6.59%).

The increase in plastics has been one of the many
negative effects brought by that the pandemic (Patrício
Silva et al. 2021). The main sources of plastic waste during
the pandemic, in addition to PPE, are plastic food wrap,
packaging plastics for pharmaceutical products and home
delivery of food and supplies (Vanapalli et al. 2021) and,
plastic containers from sanitizers (Benson et al. 2021). In
Regina (Canada) Richter et al. (2021a) attribute the increase
in residential waste disposal to increases in the use of

single-use containers for takeout and food delivery services,
and an increment in the use of PPE and disinfectant pro-
ducts. Increases in online food and grocery purchases have
been reported in many cities in Asia and Europe; in Viet-
nam, India, China, Italy and Germany, online shopping
increased between 12 and 57% (Mu-Hyum 2020). Although
online commerce also augmented in Latin America as a
result of the pandemic (Forbes 2021), it is expected that this
increase has been focused on the middle and high socio-
economic levels. In the study area, conformed by middle
and lower middle class, part of the growth in the proportion
of plastic waste may have been due to this reason. Another
factor contributing to the surge of plastic waste has been
modifications in consumer behaviour (Khoo 2021). The
pandemic has changed, and reinforced, concerns for health
and hygiene making most consumers to prefer products
with plastic packaging and single-use plastic bags (Scar-
aboto et al. 2020, Tenenbaum 2020).

Household Waste from the Covid-19 Pandemic

In this study bio-contaminated waste like masks and gloves
were considered as hazardous waste. As reported by the
participants their hazardous waste consisted mainly of
gloves and masks; and batteries, medicines and light bulbs
to a lesser extent. According to the study results the daily
per capita generation of masks and gloves is 0.124 and
0.085. We estimate that each day 228 kg of disposable mask
waste are being dispose in the district of Comas (Table 3).
These waste, if bio-contaminated and not properly col-
lected, transported and disposed, can result in sources of
contamination (Mol Gomez and Caldas 2020, Wang et al.
2021). For example, at Soko Islands beach in Hong Kong,
masks can be found every 100 m (Patrício Silva et al. 2021,
Saadat et al. 2020). Given the proximity of the study area to
the sea the possibility that a large number of masks and
gloves end up in the ocean is high (the Comas district
borders with the Chillón River to the north, between 23 km
and 13 km before its mouth to the sea). Some alternatives or
proper disposal methods include incineration, steam ster-
ilization or microwave sterilization (Zhao et al. 2021).

Many authors have published articles with estimates of
the daily generation of masks in different parts of the world
(Table 4). Existing data are based on estimates, hypotheses,
and arbitrary data; in all these cases, the estimate varies
between 0.5 and 4 masks per person per day. Alternatively,
the estimate based on quantitative data varies between 0.124
and 0.197 masks per person per day.

The data based on estimations assumes that the popula-
tion uses surgical masks (Akber Abbasi et al. 2020, Benson
et al. 2021, Sangkham 2020) and discards them after a single
use (following the recommendations of the international
health organizations (WHO 2020)). However, quantitative

Table 2 Household waste composition from this study

Group Type Percentage

Organics Fruit, vegetables and other
green waste

36.46%

Food waste 21.04%

Recyclables Polyethylene terephthalate 3.71%

High density polyethylene and
polypropylene

2.88%

Paper, cardboard, glass, metal,
tetra pack

5.37%

Non recyclables Sanitary 18.17%

Hazardous 2.06%

Eco-brick 1.82%

Used oil 1.50%

Others 6.99%
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data suggests that people are not discarding used masks on a
daily basis. This may be due to the reuse of surgical masks
for economic reasons and the use of reusable cloth masks.
Healthcare workers are more likely to use disposable sur-
gical masks on a daily basis (Venesoja et al. 2021). Our data
shows that non-healthcare workers are not using masks at
the same rate.

Another aspect to take into account in the estimates of
masks generated is the use of the “acceptance rate” that
varies between 12 and 80%, which is also based on arbitrary
data. Although none of the reviewed articles (Table 4)
explicitly defines the concept of “acceptance rate”, it is
understood in the Covid-19 literature on waste generation as
the percentage of the population that actually uses masks.
This “acceptance rate” is more adequate in countries where
the use of masks is recommended but not compulsory; in
places where the use of masks is mandatory it would be more
appropriate to apply the “use rate” (Table 3). It is estimated
that in more than 50 countries in America, Asia, Europe and
Africa the use of masks is mandatory (Al Jazeera 2020). The
“use rate” will depend on the percentage of the population
that leaves their homes and have to wear a mask.

Based on all of the above we recommend that to estimate
the quantity of masks generated it is important to consider
the reuse of surgical masks, the use of reusable masks and
the mandatory use of masks in the study area.

Conclusions

This study describes a participatory virtual methodology for
household waste characterization in pandemic conditions
using citizen science. The methodology consists of three
phases (call and registration, training, and data collection
and analysis) that are carried out with the help of virtual
media such as social networks, Google Forms and Google
Meet. The main limitations of the methodology lie in the
variability of weighing, the need to have internet to parti-
cipate in the study, awareness prior to the start of the study
that could influence the generation of waste and, the
laboriousness of the methodology that could reduce the
level of participation. This methodology, in addition to
being an instrument for collecting data on household waste
generation and composition, it is also a citizen science tool

Table 3 Daily estimate of masks
discarded in the study area

Population1 Use rate2 Average daily masks per
capita3

Total daily
masks4

Total daily weight of
masks5

Comas 575,800 80 % 0.124 57,015 228 kg

1(CPI, 2019)/2People who leave their homes and need to wear masks (hypothetical data)/3This study/4 Total
daily masks = Population × Use rate × Average daily masks per capita/5 Considering that each mask weighs
4 g (Tripathi et al. 2020).

Table 4 Comparison of
estimated average daily masks
per capita

Area Average daily masks
per capita

Acceptance rate Reference

BASED ON ESTIMATIONS

Africa 2 80% (Nzediegwu and Chang, 2020)

Worldwide and Asia 2 80% (Hantoko et al. 2021) according to
(Nzediegwu and Chang, 2020)

Worldwide 2 80% (Tripathi et al. 2020) according to
(Nzediegwu and Chang, 2020)

Brazil 2 80% (Urban and Nakada, 2021) according to
(Nzediegwu and Chang, 2020)

Arabian Peninsula 1 to 4 50% to 90% (Akber Abbasi et al. 2020)

Africa 1 70% to 80% (Benson et al. 2021)

Asia 1 80% (Sangkham, 2020)

Iran 2 12% to 68% (Zand and Heir, 2021b)

Italy 0.5 – (WWF, 2020)

BASED ON QUANTITATIVE DATA

Comas, Lima, Peru 0.124 This study

Lima, Peru 0.127 (Requena Sanchez and Carbonel Ramos,
2020)Arequipa, Peru 0.134

Panama 0.197

Honduras 0.141
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for public awareness and training on household waste
characterization and segregation. Its application reduces risk
of contagion of Covid-19 and represents cost reduction and
resource consumption due to the absence of fieldwork,
when compare to a traditional waste characterization study.

This article presents the results of the application of the
methodology in the district of Comas, located in Lima,
capital of Peru. The participants weighed and separated their
waste into four containers (organic, recyclable, non-
recyclable and hazardous), and two containers to elaborate
an eco-brick and storage used cooking oil. The results
suggest an apparent reduction in the household WPC in the
area of study compared to 2019. The latter could be due to
the decrease in purchasing power caused by the economic
recession during the quarantine. In comparison to the
composition of waste from 2019 a slight increase is
observed for plastics (from 4.56% in 2019 to 6.59% in
2020). In Comas, this could be attribute to consumers’
concern for hygiene and health, which leads them to pur-
chase products packaged in plastics and in single-use bags.
Regarding masks and gloves, it is estimated that in the study
area the daily generation of masks and pairs of gloves is
0.084 and 0.059. There is a difference between the per
capita generation of masks find in this study (and similar
studies by the authors) from that estimated by other
researchers. The results of this study suggest that people do
not discard used masks on a daily basis, either for economic
reasons or because they use reusable masks. This conduct
should be taken into account for future estimations of the
total amount of masks generated in any given city.

The use of citizen science in waste management research
has immense potential for which this paper is only scratching
the surface of possibilities. Covid-19 has forced environ-
mental and social research to shift and find new methods to
conduct research most having to incorporate the digital
norms in society. The incorporation of the virtual environ-
ment and a participatory approach that engages the com-
munity to better understand their household waste dynamics
presented in this paper is our novel contribution to enhancing
the research capacity and data needs of many countries.
More empirical work is needed on the varying applications
and its applicability across different municipalities and
countries. As outlined in the limitations, more research is
needed on incentive mechanisms to ensure participants full
engagement in the methodology and on possible adaptations
to the methodology so that it can target low income and rural
communities. Overall, the need for data on household waste
especially in lieu of a global pandemic just demonstrates the
complexity of effective waste management globally with
developing and less developed countries unable to invest in
comprehensive data collection frameworks. The uncertain-
ties and vagaries in the waste management sector due to
Covid-19 globally that is well documented in the literature

has exposed the deficiencies in data to drive the necessary
policies to sustainably manage the waste sector. The main
lesson learnt by the waste management sector from this
pandemic is that policy makers need to explore the options
available in developing comprehensive waste management
databases in order to effectively develop the necessary
policies to manage future events like Covid-19.

Data Availability

The datasets generated during and/or analysed during the
current study are available from the corresponding author
on reasonable request.
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