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Abstract The COVID-19 pandemic has greatly im-
pacted the Americas, the continent with the highest
number of COVID-related deaths according to WHO
statistics. In Latin America, strict confinement condi-
tions at the beginning of the pandemic put recycling
activity to a halt and augmented the consumption of
plastic as a barrier to stop the spread of the virus. The
lack of data to understand waste management dynamics
complicates waste management strategy adjustments
aimed at coping with COVID-19. As a novel contri-
bution to the waste management data gap for Latin
America, this study uses a virtual and participatory
methodology that collects and generates information
on household solid waste generation and composition.
Data was collected between June and November 2021
in six countries in Latin America, with a total of 503
participants. Participants indicated that the pandemic
motivated them to initiate or increase waste reduction
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(41%), waste separation (40%), and waste recovery
(33%) activities. Forty-three percent of participants
perceived an increase in total volume of their waste;
however, the quantitative data showed a decrease in
household waste generation in Peru (—31%), Honduras
(—25%), and Venezuela (—82%). No changes in waste
composition were observed. Despite the limited sam-
ple size, this data provides a much-needed approxima-
tion of household waste generation and composition in
the pandemic situation during 2021.

Keywords Household Solid Waste - Waste
Composition - COVID-19 - Latin America

Introduction

In March 2020, the arrival of COVID-19 in Latin
America triggered declarations of health emergen-
cies and confinement in most countries of the region.
Between March and September 2020, most of Latin
American countries imposed strict confinement meas-
ures and put most economic activities to a halt. Along
with that, mask mandates were placed between April
and July 2020 (France24, 2020). According to WHO
data (WHO, 2022), the Americas is the region which
the highest number of COVID-19 related deaths. Within
Latin America, Brazil, Mexico, and Peru led the ranking
of total number of deaths (Fig. 1).

This unprecedented situation worldwide has caused
a series of positive and negative environmental impacts

@ Springer
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Fig. 1 Cumulative number of cases in the six countries of study from March 1st 2020 to October 1st 2022. Note. Data taken from

WHO (2022)

(Zambrano-Monserrate et al., 2020). The positive envi-
ronmental impacts are related to the short-term effects of
confinements, such as the reduction of greenhouse gas
emissions, the lessening of noise pollution, the improve-
ment of environmental cleanliness and recovery of
spaces by wildlife, among others. Negative impacts are
associated with waste generation as a result of increased
consumption of plastic products to protect against
the spread of the virus (Wang et al., 2021), increased
organic and inorganic contaminants due to an increased
use of soaps and antibacterial products, increased water
consumption and wastewater generation, among others
(Ankit et al., 2021).

At the onset of the pandemic, people were required
to stay at home for longer-than-conventional periods
of time, which affected waste generation and compo-
sition (Vu et al., 2021a, b; Yousefi et al., 2021). In
many cities there was an increase in municipal waste
generation, but also an increased awareness of food
waste generation (Vidal-Mones et al., 2021).

Just as the impact on waste generation and composition
has varied globally, so have the strategies implemented by
governments to deal with COVID-19 (Mahmud et al.,
2022). At the beginning of the pandemic, fear of the
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spread of the virus led to a halt in recycling activities in
many Latin American cities (Comunicarse, 2020; Urban
& Nakada, 2021). Then, as day-to-day activities in the cit-
ies were resumed and health institutions recommended
biosecurity measures against the spread of the virus,
the consumption of plastics began to increase (Jiménez
Gomez Tagle & Cilia-Lopez, 2021; Singh et al., 2022b).
In developed countries with more established recycling
systems, intermediate storage, incineration or disposal
was prioritized over recycling. During the first year of
the pandemic, the UK Environment Agency allowed
temporary storage of waste and incineration ashes at sites
that did not have a permit to do so (You et al., 2020). In
Norway, the government prioritized the expansion of
interim waste storage site capacity and, in Austria’s capi-
tal Vienna, no waste was taken directly to its final disposal
site; rather, all waste treatment plants worked at maximum
capacity, with the residual waste being taken to waste-to-
energy plants (Tripathi et al., 2020).

This increase in the use of plastics was caused by
two changes: the greater permanence of household
members at home, which increased the frequency of
online shopping, delivery and meal take-out behav-
iors (Richter et al., 2021), and by the resumption of



Environ Monit Assess (2023) 195:155

Page 3 of 14 155

activities outside the home, which increased the use
of protective barriers against the virus, such as masks,
gloves, face masks, and plastics in general (Almulhim
et al., 2021).

This change in the generation and composition of
municipal waste has increased the pressure on waste
management systems. In developing countries, this
has been particularly severe given that these systems
were already not meeting waste management needs
before the pandemic. In the pandemic context, waste
management systems have collapsed, and local gov-
ernments have not been able to adequately manage
the excess waste (represented mainly in the form of
plastics and facemasks) (Mahyari et al., 2022).

To address this situation, it is important to have
real and updated information on the composition and
generation of municipal solid waste. This type of
information is essential for planning adequate storage,
collection, treatment, recycling and final disposal of
waste. However, in Latin America, there is a lack of
information on this subject; indicators of waste gen-
eration and composition are often outdated, dispersed
and so variable that it is difficult to compare them
(Kaza et al., 2018; Savino et al., 2018).

To the authors’ knowledge, there is no quantitative
data for Latin America that accounts for the generation
and composition of household solid waste (HSW) dur-
ing the COVID-19 pandemic. It is precisely this infor-
mation gap that the results and methodology applied
in this study seek to fill. Based on the hypothesis that
the COVID-19 pandemic has changed household solid
waste generation and composition; the aim of the
study was to gather quantitative and qualitative data
on changes on household waste generation and com-
position. This study presents qualitative data on the
perception of the impact of the pandemic on HSW and
quantitative data on the generation and composition
of HSW during the pandemic. It furthermore presents
comparative trends on generation and composition
during and prior to the pandemic in select countries.
The results presented here are a first approximation of
HSW generation utilizing source weighting data. The
methodology proposed in this study can be useful to
collect quantitative information and monitor changes
in HSW generation to adapt local waste management
strategies accordingly.

Material and methods

The study was conducted between June and Novem-
ber 2021. By the time of study, there were not any
regulations in force in any of the study areas related
to quarantine or stay at home mandates. Masks were
still mandatory in public and enclosed spaces in five
of the countries of study: Guyana, Honduras, Panama,
Peru and Venezuela. Face shields were mandatory in
public transportation in Panama and Peru.

Study participants

Students and volunteers from Panama, Honduras,
Guyana, Venezuela, Mexico and Peru participated in
the study (Table 1). Two groups of participants can
be distinguished: university students participating as
part of a class and adult volunteers. In both cases, the
study sample was selected based on the willingness of
university professors and researchers to collaborate in
the study. The lead researchers of the study initially
approached professors and researchers to explain the
methodology and research objectives.

Both groups of participants invested the same amount
of time and were delivered the same information. The
students participated in the study as part of a class
taught by their professors, who had been approached by
the lead researchers of this study. The lead researchers
would use two of the professors’ classes as training ses-
sions to expound the basic concepts of waste manage-
ment and a detailed explanation of the study methodol-
ogy. Students would have to complete all the required
Google Forms and submit the data of the 7-day study
conducted in their homes in order to pass the course.
Through this incentive, continuous data delivery by
study participants and a minimal dropout rate could be
ensured. For the group of volunteers, a higher desertion
rate was observed, since volunteer participants attended
training sessions, applied the methodology and collected
the data in their spare time.

Study sequence
The quantitative characterization of HSW was carried

out by applying the methodology described in Requena-
Sanchez et al. (2022). The study consisted of four stages:
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Table 1 Number and prevenance of study participants in 2021

Country City Location Month Sample size
Peru Lima UNI June 71
Bagua UNIFSLB June 44
Cerro de Pasco UNDAC June 32
Lima UNI November 35
Honduras Tegucigalpa UNAH June 25
Panama Panama UTC June 40
Panama Volunteers convened by UNDP October 136
Accelerator Labs
Mexico Gudalajara UdeG October 47
Venezuela Caracas USB, Caracas October 25
Guyana Georgetown University of Guyana November 24
Total 503

UNI National University of Engineering, UNIFSLB Intercultural National University Fabiola Salazar Leguia from Bagua, UNDAC
Daniel Alcides Carrién National University, UNAH National Autonomous University of Honduras, UTC Technological University of
Panama, UNDP United Nations Development Program, UdeG University of Guadalajara, USB Simén Bolivar University

(i) participant registration, (i) training sessions, (iii)
7-day waste characterization and (iv) data submission.

In the first stage, participants were provided with
a Google Form into which they provided basic infor-
mation such as name and location as well as six ques-
tions aimed at assessing participants’ perception of
changes in HSW at home caused by the pandemic.
The first three questions were aimed at understanding
to which degree participants felt that there had been
changes regarding the amount of waste generated at
their houses during the pandemic. Specifically, par-
ticipants were asked whether they perceived any vari-
ations on the total, inorganic and organic waste gen-
erated at home. The latter three questions assessed
whether confinement conditions had led to changes in
their domestic waste generation habits, whether they
had begun to separate their waste as a result of the
pandemic, to recycle their organic waste or intended
to reduce the amount of waste generated, respectively.

In the second stage, participants received two training
sessions. The first one, usually given by the respective
professors, on the solid waste management context in the
study location. The second session was held by the lead
researchers to reinforce some basic waste management
concepts, sensitize the participants on the importance to
segregate their waste, and give a detailed explanation on
how to conduct the waste characterization study at home.

In the third stage, during the 7-day waste charac-
terization study, participants installed segregation bins
in their homes and provided household members with
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waste segregation instructions for the week of the study.
Every day, participants weighted each waste fraction and
recorded the fraction weights in a Word template provided
by the research team. Participants classified their waste
in ten categories (Online Resource 1): organics (pruning
and garden waste, fruit and vegetable residues generated
during food preparation and similar), plastics, recycla-
bles (paper, carboard, glass, cans, and similar), sanitary
(papers, pads and similar), food waste, non-recyclable
plastics such as plastic wraps or single-use plastic bags
(that participants would stuff in a plastic bottle to com-
pact and thus form an “Ecobrick”), hazardous waste, used
cooking oil, electronic waste, and others (fabrics, leather,
and any other waste not considered in the any of the cat-
egories). In addition to that, a WhatsApp group was cre-
ated so participants could have a space to share their pro-
gress during the week and ask any questions they had on
specific types of waste and into which category to sort if.
In the fourth stage, after the completion of the study
week, participants submitted all data via a Google
Form. They input the total weight of each waste fraction
generated during the entire week. In order to verify the
data submitted by the participants, they were asked to
attach the filled-in World template to the Google Form.

Data processing and analysis
Descriptive statistics were used to analyze qualitative sur-

vey data. Sample size was dependent on the number of
participants willing to complete the study. After processing



Environ Monit Assess (2023) 195:155

Page 5 of 14 155

all submitted data, the sample size was calculated using
the validated data. Only after having established the sam-
ple size, the margin of error of the waste per capita (WPC)
value was estimated using Eq. (1) (Cantanhede et al., 2005).

2 2
Zl_a P No
n= 3 5 (1
(N-DE*+Z] 0
where le_a P is the confidence coefficient (1.96),

(1-a) is the confidence level (95%), N the population
size, n the sample size and E the margin of error.

The results of the WPC were compared with the
2020 results obtained with the same methodology
and with unpublished results. Comparisons were
made against 2020 data for the city of Lima and at the
national level for Peru, Panama, and Honduras. The
city of Lima is the biggest city of Peru and holds one
third of the country population (Inei, 2018); therefore,
it was relevant to depict the changes registered in the
WPC for this particular city. The data at the national
level for Peru comprises mainly the cities of Lima,
Arequipa and Huancayo.

Official WPC data for Peru and Lima were obtained
from the Ministry of Environment (Sigersol, 2021), the
Urban and Household Sanitation Authority for Panama
(INECO, 2017), and the Ministry of Environment (Mi
Ambiente, 2017) for Honduras. The error of the official
WPF data for Panama and Honduras was assumed to be
10%; this data point did not appear in the information
sources, however, the 10% error is usually the basis on
which the sample number is calculated in conventional

Fig. 2 Perceived changes 60%
in waste segregation, recov-
ery, and reduction 50%
40%

40% 36%

30% 24%

20%

10%

0%
Segregation

waste characterization studies (Dangi et al., 2008;
Gomez et al., 2008).

Results and discussion

Changes in waste segregation, recovery, and
reduction habits at home

Participants answered three questions about the effect
of the pandemic on their HSW generation practices
(Fig. 2). Waste reduction activities were performed by
more participants (42%) than segregation (24%) and
recovery activities (18%). In line with those results,
almost half of the participants reported not to have per-
formed any waste recovery activities (49%) and more
than a third (36%) reported they did not segregate their
waste. Forty percent and 41% of participants responded
that they started or increased the frequency of waste
segregation and waste reduction activities during the
pandemic. A third of the participants said they started
or increased the frequency of waste recovery activities
like composting.

At the onset of the pandemic, household waste man-
agement practices changed. For example, in Canada,
Ikiz et al. (2021) studied the changes on recycling hab-
its in multi-residential buildings in Toronto and found
out that, during the early stages of the confinement, due
to the halt of recycling activities, waste separation prac-
tices decreased to a large extent. At the same time, the
pandemic conditions motivated greater environmental

49%
41% 42%

33%

18% 18%

Recovery Reduction

| started or increased this activity during the pandemic

W | was doing it before, and the practice continued during the quarantine

| don't do that kind of activity
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awareness (Ali et al., 2021). Other authors have found
positive changes in waste management practices and
environmental awareness during the pandemic. After
conducting a survey with 314 Chinese adults, Daryanto
et al. (2022) concluded that the belief that the pandemic
was caused by an excessive intervention of mankind
into nature had a positive impact on environmental
awareness. In line with those findings, Severo et al.
(2021) found out that the pandemic influenced sustain-
able consumption and environmental awareness among
the surveyed participants from Brazil and Portugal.
Even though there have been some positive changes
in waste generation habits during the pandemic; now,
in 2022, with the resumption of economic activities in
Latin America almost back to normal, it will be impor-
tant to evaluate the sustainability of those practices
that were initiated or increased during confinement.

Waste generation

Overall, the majority participants do not perceive a
decrease on HSW generation (Fig. 3). Almost half of
the participants believe there has been some increase
on their waste generation; 54% has felt an increase in
their organic waste, 41% in their inorganic waste and
43% in their total volume of HSW. A little more than
a third of the participants perceived that there are
no changes in their waste generation for household
(38%), inorganic (37%), and organic (36%) waste.
The minority of participants has noticed a decrease in
waste generation; 10% in their organic waste, 22% in
the inorganic, and 19% in the total volume of waste.

38%

26%

17% 16%

13%

6%

Slightly decreased

6%

Household waste

B A |ot of decreased

37%

Inorganic waste

No changes

Fig. 3 Perceived changes in waste generation during the pandemic
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Several survey-based studies have also consistently
reported population perceived that the pandemic caused
an increase in HSW generation. In a survey conducted
in Nepal in August 2020 (Acharya et al., 2021), 34.8%
of respondents thought that household waste generation
increased during the confinement and curfew, 57.8%
thought that there was no change and only 7.4% of partic-
ipants perceived a decrease in waste volume. In another
survey, conducted in Nigeria and Guyana between
August and November 2020 (Filho et al., 2021), 45% and
55% of respondents, respectively, indicated an increase
in the consumption of packaged food, fresh food, food
delivery and waste generation.

The results of the household WPC values obtained
in this study in 2021 (Table 2) are lower than the val-
ues of pre pandemic studies in Peru, Honduras, and
Venezuela. In the case of Guyana, it is difficult to
establish a comparison because the most recent value
is from 2010 and corresponds to municipal waste. In
the case of Panama and Mexico values are very simi-
lar, considering the upper limit of the margin error.
However, it is important to note that the data cited is
over 5 years old for both countries. Taking this into
account, the household WPC of 2019 (the baseline
before the pandemic) could be even higher than the
one cited; and therefore, the household WPC of this
study could be lower than the household WPC before
the pandemic.

With more household members staying at home and
the increase of plastic use, HSW generation is expected
to rise (Mahyari et al., 2022). The results of this study
demonstrate the opposite to what has been found by

36%
32%
24%
22%
17%

7%
3%
[

Organic waste

H Slightly increased A lot of increased
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Table 2 Household WPC (kg/capita/day) in the 6 study areas before and during the pandemic

Peru Honduras Panama Guyana Mexico Venezuela
This study (2021, during the pandemic)
WPC 0.391 0.490 0.541 0.589 0.392 0.199
Error 8.39% 24.24% 20.55% 23.44% 24.61% 33.13%
N 166 27 50 22 31 9
Other studies (before the pandemic)
WPC 0.46-0.57 0.50-0.61 0.55-0.660 1.35% 0.437-0.456* 0.11-0.63
Year 2018-2020 2003-2010 2010-2017 2010 2009-2017 2013-2018
Reference (Minam, (OPS, 2003; Tello  (Ineco, 2017; Tello  Ministry of (Alvarado Centeno  (Sanchez et al., 2014;
2019, 2020, Espinoza et al., Espinoza et al., Communities, et al., 2009; Villalba et al.,
2021) 2011) 2011) 2017 Araiza Aguilar 2019)
et al., 2017)

#Corresponds to data from Berriozabal (in Chiapas province). The municipal WPC calculated in this case study (0.619 kg/cap/day)
is very similar to the municipal WPC reported for the country in 2020 (0.622 kg/cap/day). As no official national data were found for

household WPC, these data were used

many researchers reporting an increase in HSW genera-
tion (Filho et al., 2021; Qian et al., 2020; Sarkodie &
Owusu, 2020); although it is important to notice that
these researchers report the results of survey-based
studies which were implemented during 2020. There-
fore, it is likely that the perception of the population
regarding waste generation could have varied between
2020 and 2021. Also, this contradiction could be related
to the different nature of the methodologies applied. To
this date, there is no internationally agreed-upon stand-
ard method to conduct HSW characterization studies
(Dahlén & Lagerkvist, 2008). The cited studies rely
on surveys and the participants’ observations and per-
ceptions, whereas our results rely on quantitative data
generated by the participants. Data obtained with the
methodology proposed in this study relies on quantita-
tive information collected in the form of daily weight
values. Waste studies based on quantitative analysis are
more objective and accurate (Langley et al., 2010). The
reliability of the information on survey-based waste
composition studies lies in the participant-recorded
and recalled data. They require close cooperation by
respondents and careful supervision by the interviewer
(Pekcan et al., 2006). Furthermore, it is not uncommon
that descriptions of methodology, especially in national
official reports, lack significant information so that
results can be reproducible and comparable. To obtain
reliable data to plan and evaluate waste management
strategies, authoritative data are required (Lebersorger
& Schneider, 2011). Among the six countries evaluated,
only the Ministry of Environment in Peru has published

national guidelines to conduct waste characterization
studies (Minam, 2018) which are based on the recom-
mendations made by the Pan American Center, a spe-
cialized Sanitary Engineering and Environmental Sci-
ence (CEPIS) center.

Figure 4a, b shows a comparison of data obtained
with the same methodology in 2020 and 2021 for the
city of Lima and at the national level for Peru. A pro-
gressive decrease in household WPC is observed
between 2020 and 2021,—22% for Lima and—9% for
Peru. This decrease could be related to the return and
reactivation of economic activities; many household
members could have resumed their work activities and
spend less time at home compared to the previous year.
It has been observed, for example, that eating alone
causes less food waste (Qian et al., 2021). By spending
less time at home, therefore, less waste is generated in
the household. Furthermore, it has been observed that
higher levels of education are correlated to reduced food
waste volumes (Qian et al., 2021) and that students tend
to generate less waste than other groups of people (Li
et al., 2011).The decrease in WPC could thus be related
to the characteristics of this particular sub-sample’s par-
ticipants, primarily students in environmental careers
who might have above-average levels of awareness on
their household volume of waste generated.

In the case of Panama, the household WPC of
2020 and June 2021 showed similar values; however,
the value obtained in October 2021 was higher than
the two previous ones (Fig. 4c). This result is possibly
related to the October 2021 sub-sample that consisted

@ Springer
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Fig. 4 Variation in household WPC (kg/capita/day) in Met-
ropolitan Lima (a), Peru (b), Panama (c), and Honduras (d).
Note: The bars represent the WPC margin error, the black
square represents official data from the Ministry of Environ-

of volunteers from different parts of the country con-
vened by UNDP Panama, whereas the two previous
sub-samples were undergraduate university students
in Panama City. It is accepted that many factors such
as economic, physical, sociocultural, geographical,
and political ones can influence urban waste compo-
sition and generation (Gallardo et al., 2014). Some of
these factors could account for the difference of the
data for October 2021. The results of the 2020 and
2021 Honduras WPC are similar (Fig. 4d). Again,
this may be related to the sample, which in both years
consisted of university students.

The perceived increase in waste generation is con-
tradicted by the quantitative results for 2020 and 2021.
Many studies have reported an increase in municipal
waste generation (Hantoko et al., 2021; Sharma et al.,
2020; Tripathi et al., 2020). However, these values
include municipal solid waste, commercial waste and,
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at least during the first half of 2020, recyclable waste
(which was affected by the halt of recycling activities).
The authors have not located another study that has
performed a quantification of HSW generation during
the pandemic and obtained a household WPC value
between 2020 and 2021; therefore, in the absence of
other data and the sample size limitations in the pre-
sent study, it becomes difficult to ascertain whether
a quantitative decrease in HSW generation actually
occurred as indicated by the 2020 and 2021 results.
Responses indicating a perceived increase in HSW
could be influenced by what respondents observe in
the news, the participation in a waste-related survey,
and even by the way the question is phrased. These fac-
tors could contribute to biasing participants’ responses.
Similarly, a clear decrease in household WPC is
observed when contrasted with official data from pre-
vious years. This could be due to the methodology
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used, the sub-samples selected in the study and to
biases in the perception of the respondents. To verify
this, a solid waste characterization study with field
work would have to be carried out to compare the
results. Another factor could be the currency, validity
and quality of the official data as these data sets are
not continuously updated and, in many of the coun-
tries studied, only the value of the WPC is reported
but not the error, sample size or details of the method-
ology used. This is also the case for data sets on food
waste quantity and composition for example, in which
available data is fragmentary (Langley et al., 2010;
Parfitt et al., 2010) and comparable systematic data is
missing (Lebersorger & Schneider, 2011).

Waste composition

Figure 5 shows the waste composition according to
the 10 categories of the methodology used (see Online
Resource 1 for a detailed description of types of waste
considered in each category). The composition of organic
waste (organic plus food waste) varied between 48 and
62%; the plastic composition between 8.5 and 18.9%;
that of recyclables (glass, metals, paper, and cardboard)
between 8.2 and 16.1% and that of non-usable waste
(sanitary, hazardous, others) between 18 and 29%. These
percentages are similar to those reported by the World

Bank for Latin America and the Caribbean (Kaza et al.,
2018). In that report, the composition was 52% organic
waste, 12% plastics, 21% recyclable waste (glass, metals,
paper and cardboard) and 16% for non-usable waste (rub-
ber, latex and others). The lack of detailed, current and
reliable data makes it difficult to identify any changes on
waste composition before and during the pandemic. In
any case, there are no noticeable changes in waste com-
position in comparison to the World Bank pre-pandemic
data for Latin America.

In general, data from scientific articles, publica-
tions and governments indicate an increase in food and
plastic waste generation (Hantoko et al., 2021), pack-
aged food and take-out food waste (Filho et al., 2021);
and HSW in general (Oyedotun et al., 2020). However,
more specific studies conducted at the beginning of
the pandemic showed that staying at home and having
to shop for several days has positively influenced the
reduction of food waste (Ikiz et al., 2021; Jribi et al.,
2020). A study done in Italy, between March and May
2020 on household food waste, found that during con-
finement the population generated a lower amount of
waste per day. The authors explain that this is because
households have had more time for meal planning and
optimization of ingredients and leftovers, among oth-
ers (Amicarelli & Bux, 2021). Taking into account
that approximately 50% of waste is organic (Online

Fig. S Waste composition 45% -

in the six study areas 40% -

35% -

30% -

25% -

20% -

15% -

10% -
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0% -

Peru Honduras Panama Guyana Mexico Venezuela

m Organics 40% 32% 40% 27% 42% 37%
Plastics 8% 12% 12% 19% 14% 10%
m Recyclable 8% 11% 12% 13% 12% 16%
o Sanitary 11% 19% 10% 10% 14% 4%
Food waste 21% 14% 13% 20% 9% 16%
m Others 6% 2% 5% 3% 5% 5%
m Hazardous 2% 5% 3% 4% 1% 7%
m Ecobrick 2% 2% 2% 1% 2% 2%
Used oil 1% 2% 3% 4% 0% 2%
m Electronic waste 0% 0% 1% 0% 0% 1%

@ Springer



155 Page 10 of 14

Environ Monit Assess (2023) 195:155

Resource 1) and that the pandemic has motivated a
greater awareness in food preparation and a reduc-
tion of this type of waste, this could be one of the rea-
sons for the decrease in WPC. Another reason may
be the low proportion of plastic waste. The increase
in household waste generation has been explained by
many authors by an increased consumption of plas-
tics (Klemes et al., 2020; Shekhar et al., 2022; Singh
et al., 2022a). However, the waste composition results
(Online Resource 1) show that the percentage of plas-
tic waste varied between 8.5 and 13.7% (excluding
Guyana). Coincidentally, in Guyana, the study area
with the highest household WPC value (0.595 kg/
inhab/day), the proportion of organic waste was the
lowest and the proportion of plastics the highest.
The low proportion of organic waste is not expected
in Guyana as the management of organic waste has
been recognized as one of the challenges faced by the
waste management authorities in the country (Ansari,
2010). Furthermore, a household waste composition
study found out that the vegetable fraction of waste
accounted for 50.1% and the plastics fraction for
14.2% (Hydea, 2013). Therefore, these results could
be influenced by the specific lifestyle choices from the
participants of the study.

COVID-19 transmission can occur through contact
with objects, the maximum survival time for the virus
on plastics surfaces being up to 9 days (Kampf et al.,
2020). As masks, gloves, and face shields could pos-
sibly be infectious, this is the main reason why they are
considered hazardous waste (Kalantary et al., 2021).
The pandemic has led to an increase in mask and glove
littering and, along with it, an increase in the risk for
potential infection via these items (Torkashvand et al.,
2021). Furthermore, sick household members have
augmented the volume of infectious waste generated
(Kalantary et al., 2021).

It is no news that improper waste management can
lead to health problems. As of 2000, the WHO reported
that poor practices for medical waste management
caused 21 million people infected with Hepatitis B
(Selvan Christyraj et al., 2021). The proper manage-
ment of hazardous waste will be extremely important in
the future, as there are concerns that the virus can be
transmitted from the waste to the community and waste
management personnel (Nzediegwu & Chang, 2020) as
well as waste pickers during transportation to final dis-
posal facilities (Das et al., 2021).

@ Springer

Conclusions

This article presents a participatory virtual methodol-
ogy to collect data on HSW generation and composi-
tion. The results gathered with this methodology pro-
vide an initial and first estimate of the waste generation
and composition for a specific study area. To date, the
authors are not aware of a similar study in which HSW
generation is quantitatively estimated, nor of official
data in the study areas of HSW generation during
2020 and 2021. Participants indicated that they initi-
ated or increased waste reduction (41%), segregation
(40%) and recovery (33%) activities as a result of the
pandemic. Participants perceived an increase in waste
generation; however, quantitative data showed a reduc-
tion on HSW generation during the pandemic in Peru
(=31%), Honduras (—25%), and Venezuela (—82%).
This could be related to the resumption of economic
activities, which has reduced the time people spend in
their homes and, therefore, the amount of HSW gener-
ated. However, in Panama, results showed an increase
in HSW generation from 2020 to 2021 and, in Hondu-
ras, there were no major changes observed for the same
period. Waste composition figures show no changes
before and during the pandemic; however, the data
available for comparison is limited.

These results provide a first-time quantitative approx-
imation of HSW generation and composition during
the pandemic in Latin America. Notwithstanding, it is
important to mention the biases and limitations of the
study. “Most participants (27%) are college and univer-
sity students from environment-related courses between
the age of 20 and 35 and the findings may not be rep-
resentative for the whole country. Country selection
depended on previous contacts from the lead research-
ers and the willingness of professors to participate in the
study. Furthermore, the small and limited sample size
prevents the extrapolation of results to a wider popula-
tion. The latter and the absence of quantitative data col-
lected through fieldwork restrict the comparison of the
results. In this context, it is relevant to conduct further
studies to compare the data gathered with this methodol-
ogy and with a conventional field methodology to assess
the difference among the collected data and make the
necessary adjustments in the propose methodology.
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