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Social Dynamics of Face Masks as Single-Use
Waste from the COVID-19 Pandemic
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Abstract — The impact generated by Municipal Solid Waste
(MSW) is associated with the risk in the population due to the
lack of knowledge of the proper final disposal of single-use waste,
specifically with face masks during the COVID-19 pandemic. With
the objective of carrying out a national diagnosis on the management
and final disposal of waste, a national survey was prepared with the
support of the digital tool google form, to obtain data to evaluate the
environmental impact on the use and disposal of urban masks of
mandatory use during the pandemic. It was identified that 35 % of
the interviewees mix the face masks with household waste, which is
a potential factor for public health and environmental problems. Of
these, 61.5 % indicated that they were unaware of the existence of a
COVID-19 waste management plan. This demonstrated the lack of
knowledge about it, which causes inadequate management of these
residues. The results of this research demonstrated the importance
of implementing treatment alternatives to reduce the impact of
the masks, highlighting that the most appropriate remediation
treatment should be economically viable and with minimal
environmental impact to properly manage MSW-COVID -19.

Keywords — SARS-CoV-2 (COVID-19); facemask; waste; envi-
ronmental impact; final disposal.

Resumen — El impacto generado por los Residuos Sélidos Mu-
nicipales (RSM) esta asociado al riesgo en la poblacién debido a
la falta de conocimiento sobre la disposicion final adecuada de los
desechos de un solo uso, especificamente las mascarillas durante la
pandemia de COVID-19. Con el objetivo de llevar a cabo un diag-
nostico nacional sobre la gestion y disposicion final de los residuos
se preparé una encuesta nacional con el apoyo de la herramienta
digital Google Form, con el fin de obtener datos y evaluar el im-
pacto ambiental en el uso y la disposicion de mascarillas urbanas
de uso obligatorio durante la pandemia. Se identificé que el 35 %
de los encuestados mezcla las mascarillas con los residuos domés-
ticos, lo que representa un factor potencial de problemas de salud
publica y ambientales. De estos, el 61.5 % indic6 que desconocia
la existencia de un plan de gestion de residuos de COVID-19. Esto
demostro la falta de conocimiento al respecto, lo que provoca una
gestion inadecuada de estos residuos. Los resultados de esta in-
vestigacion resaltan la importancia de implementar alternativas
de tratamiento para reducir el impacto de las mascarillas, enfati-
zando que el tratamiento de remediacion mas adecuado debe ser
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econémicamente viable y con un minimo impacto ambiental para
gestionar adecuadamente los RSM de COVID-19.

Palabras Clave — SARS-CoV-2 (COVID-19); mascarilla facial;
residuos; impacto ambiental; disposicion final.

I. INTRODUCTION

N December 2019, a health emergency of viral origin that was

considered unknown until then began in the world. The first
cases of this pathology were reported in the city of Wuhan in
China, where it was determined as a disease with characteris-
tics of pneumonia of unknown etiology [1]. This was due to
the symptomatology and severity that characterizes the disease
and that generated its imminent spread to several countries.
The World Health Organization (WHO) officially declared the
beginning of the COVID-19 pandemic, caused by the SARS-
CoV-2 virus, on March 11, 2020 [2]. They also indicated that
the research indicated that this virus belongs to the subgenus
Sarvecovirus, which can infect humans and animals [2]. The
structure of SARS-CoV-2 virus can be polymorphic or round,
with a diameter between 60-140 nm, and its nucleocapsid pro-
tein encapsulates its genome [2][3][4].

Moderate symptoms caused by SARS-CoV-2 virus in hu-
mans include fever, cough, fatigue, loss of smell and taste. In
more severe cases there is the development of pneumonia, acute
respiratory distress and very low hemoglobin, as well as a de-
crease in lymphocytes and eosinophils; and death in the worst
case [4][5][6]. Because of this, the virus is classified as highly
contagious, since its transmission is carried out by the emis-
sion of fluid droplets with a size of 5 microns, which come into
direct contact with the individual through the aerosol emitted
by sneezing and other mucous secretions or by contact with in-
fected objects [7]. Globally, deaths were significant; according
to WHO estimates, between January 1 2020 and December 31
2021, the number of deaths associated with the SARS-CoV-2
virus amounted to approximately 14.9 million people [8]. In the
specific case of Mexico, it was one of the countries with the
highest incidence of deaths during 2020, with estimates ranging
from 18 310 to 32 014 deaths from June 17 to July 7 of that year,
maintaining a case fatality rate of 12 deaths per 100 infected
persons [9].

The easy spread of this disease and its significant case fatali-
ty rate worldwide led to the establishment of sanitary measures
for the health sector and the general public in order to reduce the
number of infections. As a result, confinement and zero contact
with persons carrying the virus was recommended. However,
this measure was also generalized for the general public due to
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asymptomatic individuals, who can transmit the virus [10][11].
Another established measure was proper hand washing with
soap and water, as well as disinfection with 70% alcohol due to
its efficacy in denaturing the virus, when in contact with infect-
ed surfaces as a probable source of contagion [12][13][4]. An-
other important measure to reduce the spread of SARS-CoV-2
was the use of masks, in order to reduce the transmission of viral
infection through the respiratory tract [14][15][16].

WHO recommended the use of facemasks for people with
symptoms as well as for health care workers as the main pro-
tective equipment. However, in the mid-2020’s, the use of face
masks became generalized to the general public [17][18]. Com-
monly used face masks for the general population are of three
types: those recognized as surgical, N95 or KNO95, and fabric.
The first two are single use, while the third is reusable [19].
Single-use masks are made from nanofibers or microfibers of
polymers such as polypropylene, polyurethane, polyacryloni-
trile, polystyrene, polycarbonate, polyethylene or polyester [20].
The effectiveness of these varies depending on the type and cer-
tification of each. However, these plastics are resistant to liquids
and remain for a long time after disposal in final landfills [21].

The implementation of sanitary measures against SARS-
CoV-2 brought as a main consequence the alteration of the so-
cial dynamics in the generation of waste; besides causing chang-
es in its composition. Among these changes derived from the
pandemic is the excessive generation of sanitary waste, such as
syringes, supplies for taking samples and all those materials that
are part of personal protective equipment (PPE), which in a high
percentage consist of face masks [22][23][24][25]. The increas-
ing generation of waste around the world implies the recognition
of a critical scenario in the environmental aspect, many of these,
such as masks, are single-use, and are also associated with the
release into the environment of plastics that degrade into mi-
croplastics that reach aquatic systems, beaches and the ocean
affecting marine life [26][27].

The concern about the increase in waste is complemented
by the deficiency in the systems that control its management,
since in most countries there was no engineering system focused
on this type of sanitary waste, which, due to its characteristics
and origin, requires management both for hospitals and private
homes [28]. In the case of Wuhan China, where the pandemic
originated, according to estimates there was an average of 240
tons of sanitary waste during the pandemic [29].While in Latin
America the issue of waste management is deficient in terms of
information and adequate enforcement, the problem of health-
care waste management is even greater [30]. Globally, it is esti-
mated that the inadequate final disposal of 1 % of the single-use
mouthpieces is approximately 10 million of these, which is
equivalent to 40 thousand kg of plastics whose final disposal
in inadequate places generates contamination of streets, rivers,
beaches and oceans; therefore, citizen responsibility is funda-
mental to contribute to the solution of this problem [31].

In Mexico, during the COVID-19 pandemic, the Secretariat
of Environment and Natural Resources (SEMARNAT) estab-
lished a classification of the waste generated; it states that “nor-
mal waste is that generated in homes and non-hospital organi-
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zations with residents without apparent contagion” [32]. While
the other type of waste corresponds to those considered danger-
ous under the infectious biological criteria, they are described as
“those containing infectious agents that make them hazardous,
which include containers, packaging and soils that have been
contaminated when transferred to another site and, therefore,
represent a danger to ecological balance or to the environment”
[33]. COVID-19 waste is that “generated by a household or
non-hospital organization where one or more infected persons
reside, as well as all urban solid waste generated by airports
and passengers, whether maritime or terrestrial terminals [32].
According to SEMARNAT estimates, each COVID-19 patient
generates an average of 2 to 2.2 kg of infectious biological haz-
ardous waste per day.

It has been reported that single-use sanitary waste that has
not been properly managed is treated as urban waste from its
collection to its final disposal destination, which implies a dan-
gerous transmission mechanism of the SARCOV-2 virus for
those who meet it [34][35]. Therefore, it should be considered
that the deficiencies in the waste management system were not
caused by the pandemic, but by the incorrect planning of waste
management [36]. In developing countries such as Mexico, most
of the waste is incinerated or simply transported to final disposal
sites such as open dumps without any control, abandoned land-
fills that require rehabilitation to continue waste disposal [37].
This inadequate management implied a great interest in finding
alternatives and integral solutions for the treatment of waste, of
which single-use plastics are the most important, with the pur-
pose of reducing their impact on the environment [28], [38][39].

Currently, research has focused on developing these alter-
natives for the remediation of the impact of various types of
pollutants, among which single-use wastes such as plastic bottle
caps can also be included. One of the most recurrent bioreme-
diation treatments is the application of microorganisms, plants
or enzymes to degrade the pollutant; the application of these is
reductive and mitigating in water or soil [40][41].

The most widely used bioremediation methods include the
application of microbial consortia. These have shown positive
results with respect to the degradation of hydrocarbons, from
which plastics are derived, since microorganisms promote the
degradation of the hydrocarbon structure found in soil and water
[42]. Likewise, it has been demonstrated that there are dominant
genera in microbial consortia such as Burkholderia, Escherich-
ia, Klebsiella, Salmonella, Shigella and Proteus, which can act
in the hydrocarbon biodegradation process [43].

Several factors influence the inadequate management of mu-
nicipal solid waste in combination with COVID-19 waste gen-
erated in households, such as face masks, representing a threat
to the environment due to the plastic contamination it generates.
The objective of this research was to evaluate the final dispo-
sition of these urban solid wastes, single-use mouthpieces, in
order to know their impact on the environment in Mexico during
the COVID-19 pandemic and thus generate important informa-
tion that can support the development of possible alternatives
for the treatment of these wastes.
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II. METHODOLOGY

A. Methodological approach

The present investigation corresponded to the descriptive
type, since a diagnosis was made on a current problem of the
final disposal of face masks during the COVID-19 pandemic
and recommendations on environmental management alter-
natives are established. The use of a survey and the search for
information were considered techniques for obtaining informa-
tion. For the survey, a sample size was considered for the na-
tional diagnosis on the social dynamics of urban solid waste.
Meanwhile, the second part consisted of consulting information
through academic search engines using key words referring to
the topic, such as: COVID-19 waste, COVID-19 household
waste, COVID-19 waste management and COVID-19 personal
protective equipment. In addition, reliable and reputable online
platforms such as media and policy were consulted.

B. Population and sample calculation

The population is defined as the grouping of some common
characteristics of individuals or elements that we wish to study.
According to INEGI statistics, Mexico has a total population of
126 014 024. With these data, the sample was calculated from
the population [2][44].

In order to obtain the minimum size of the total sample, it
was determined to perform a random sampling without replace-
ment of a finite population where N is equal to 126 014 024
inhabitants, with a confidence level of 95 % and with an error
of 0.05; the values of P and Q of 0.50. The following Equation
(1) was applied to define the number of people surveyed [45].

Equation 1

- (N*Z2%PxQ) )
(Z2x PxQ+ (N —1)(e)?)

Where:

n = Sample size sought

N = Population size

Z = Statistical parameter that depends on N

e = Maximum accepted estimation error

p = Probability that the event occurs

q = (1-p) = Probability of the event not occurring

C. Obtaining information on the use and management of sin-
gle-use waste (masks)

A digital survey was designed using the Google Forms Plat-
form to obtain information on the handling of face masks by
the population. The survey was disseminated through social
networks because of its practicality and its link to the contin-
gency measures regarding social isolation. This questionnaire
was disseminated throughout Mexico and the information was
collected respecting the anonymity and reliability of the par-
ticipant’s data. The structure of the survey consisted of 12
closed questions, which were mainly focused on the topic of the
handling of face masks in urban solid waste generated in the
COVID-19 pandemic, specifically on sanitary safety measures,
type of masks and number of these used weekly, investment in
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personal protective equipment, and knowledge about the correct
final disposal of single-use waste such as masks. In addition,
general sociodemographic data of the participants, such as age
and sex, were collected.

D. Calculation of the total number of face masks used in Mex-
ico

An estimate was made of the total number of masks used
in Mexico by the urban population according to eEquation (2)
established by [46][47] and modified by [48]. The calculation
of the use of face masks is established based on the use of the
economically active and non-active population during the pan-
demic as a variable (1). With this, the social dynamics will be
obtained with respect to the flow of exposed people and the use
of masks as protection [46][47] . This equation will provide the
total number of masks generated at the national level, and con-
sidering the weight of each type of mask, an approximation of
tons of polypropylene generated could be established [18].

Equation 2
DFM = [(Tp*Up#* Arl « Acx Ep) + (Tpx Up x Ar2 x
Acx* (1 — Ep))] (2)
Where:

DFM: Total daily disposable face masks

Tp: Total population in the region

Up: Urban population in the region (%)

Arx: Face masks acceptance rate

Ac: Average daily number of disposable masks per capita
Ep: Economically active population

The data analysis was carried out by means of descriptive
statistics to group the data based on their representativeness
for the groups analyzed. The values of DFM and DFM % were
transformed to natural logarithm because they did not have a
normal distribution; an ANOVA was performed with a Tukey
test (p<0.05). The data were projected in a table and spatially by
means of a descriptive map, using Arcmap 10.5 software (ESRI,
California, USA), in order to make a spatial comparison of the
magnitude of the use of masks with respect to the population of
each region of the country.

III. RESULTS

A. Sociodemographic data

Thetotal population participating in thisresearch corresponded
to 408 people. The age of the participants in this research
showed that the most representative group corresponded to the
range between 31 and 40 years old with 28.60 %; followed by
the 21 to 30 years old group with 21.60 %. Meanwhile, 15.70 %
of the participants belonged to the 41 to 50 years age group. In
the case of the population over 60 years of age, which corre-
sponds to the age group with the highest risk of getting SARS-
CoV-2, these corresponded to 8.10 % of the participants. The
age group that presented the lowest participation in this research
corresponded to those under 20 years of age with 4.20 %.
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With respect to the gender of the survey participants, the largest
group corresponded to the female with 54.70 %. The male was
less representative with 45.30 % of the population analyzed.

The representativeness of the survey at the national level in-
dicated that the highest percentage of participants was from the
state of Veracruz with 43.9 %, 16.9 % corresponded to the state
of Jalisco, 15.2 % resided in the state of Mexico, 4.9 % in Puebla,
3.7 % in Mexico City, 2.7 % in Oaxaca, 2.0 % in Tlaxcala, and
the states of Chiapas and Tabasco with 1.7 %. The states of San
Luis Potosi, Sonora and Yucatan accounted for 1 % each; and
the state of Hidalgo accounted for only 0.7 %. The states of
Campeche, Michoacan, Nuevo Ledn and Tamaulipas accounted
for 0.5 %. The states with the lowest number of participants
were Baja California, Coahuila, Colima, Morelos, Querétaro
and Quintana Roo.

B. Urban solid waste management and COVID-19

The use of personal protective equipment reported by the par-
ticipants in this research corresponded to 71.3 % (Fig. 1), high-
lighting the use of face masks as a protective measure against
COVID-19. This highlighted the fact that this was the product
with the greatest impact on use and consumption in Mexico. For
their part, 22.3 % of the participants indicated that in addition
to the use of masks, they complement their protection with the
use of full-face shields as facial protectors.

The material of the masks reported by the respondents in
this research corresponded mostly to fabric (35.3 %), mainly
because this material can be reused, it is inexpensive and easy
to manufacture. Due to the frequent use of this type of masks,
68.1% of the respondents indicated the use of soap and water as
the main method of disinfection of this type of material. N95
masks accounted for 33.3 % of use, followed by surgical types
with 16.9 %, most of which are made of polymers (Fig. 2).

The number of masks used per week by the individuals in-
terviewed varied according to the duration of use and the type
of mask, as well as according to the degree of hygiene of each
person and the sanitary requirements of the places frequented by
the interviewees. A percentage of more than 80% indicated that
they used between 1 and 5 masks per week. On the other hand,
15.2 % indicated using between 6 and 10 per week.
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Fig. 2. Type of masks used by the general population in Mexico

A percentage of 23.5 % of the participants in this research
indicated making an economic investment of $5.73 USD and
$11.46 USD per month in the purchase of COVID-19 preven-
tion and protection items. Meanwhile, 1.5% of people indicated
a monthly investment between $ 51.57 USD and $ 57.30 USD
for this same use. Regarding the presence of a COVID-19 patient
in their family, 14.7% of the participants indicated the presence
of at least one infected person at home. In contrast, a higher
percentage (85.3%) reported not having a sick person at home.

The disposal method used by most of the population (35 %)
indicated that they mixed this single-use waste with the other
solid waste produced in the household (Fig. 3). Of the partic-
ipants, 29.9 % indicated that they placed the bottle caps in an
individual bag to prevent them from being mixed with the rest
of the urban waste. For their part, 27.2 % indicated that they
performed the above action except that they labeled this type of
waste so that it could be detected by public cleaning personnel
and thus avoid contamination. This indicates that there is a risk
of environmental and sanitary problems because of the lack of
adequate treatment of urban solid waste such as masks and PPE.
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Fig. 3. Method used for the final disposal of the masks

The final disposal in Mexico of single-use mouth covers
generated in households is not considered hazardous waste ac-
cording to NOM 052-SEMARNAT-2005 [49], so they can be
disposed of with the rest of the household waste. Those inter-
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viewed in this research indicated that inadequate management of
this type of waste is carried out, which could generate a resur-
gence of COVID-19. A total of 84.3 % mentioned that they were
aware of the health risk involved in the inadequate management
of this type of waste, while 15.7 % considered that there is no
health risk despite the current declaration of a pandemic. Like-
wise, 61.5 % of the respondents answered that they were un-
aware of any specific management measure for PPE waste such
as masks generated in their homes during the COVID-19 pan-
demic, which are discarded along with other waste without any
type of separation or process, while the remaining 38.5 % of the
participants indicated that they were aware of some method for
handling them and thus avoiding the proliferation of the virus
because of inadequate waste management.

The use of masks by the general population generates a vol-
ume of this waste in different regions of the country, which can
be estimated by calculating the number of masks [46]. These
estimates should consider the urban population of the different
cities, which in the case of Mexico represents 79 % according to
the Population and Housing Census 2020 [50].

The calculation of the environmental impact of the use and
disposal of single-use mouthpiece waste generated in the states
of the Mexican Republic showed that considering the daily con-
sumption of masks per inhabitant during a week was 1 to 5 (80 %).
Fig. 4 shows the data obtained in Table 1 for each region of the
country considering its total population, as well as the daily gen-
eration of single-use masks in each region.

The urban population of the country’s main cities, which rep-
resents 79 % of the total population, generated approximately
78 141, 672 single-use masks daily in Mexico (Table 1). The
Southcentral region, with the largest population, contributed
22.2 % (17 258 858 disposable mouthpieces), far exceeding the
Southeast region, the smallest producer of waste, with 5.8 %
(4 564 713 disposable masks). A significant statistical difference
(p<0.05) was detected in the DFM values for the Southeast and
Central South regions. In contrast, no statistically significant dif-
ferences (p>0.05) were detected for the DFM % values in all the
regions analyzed, indicating a homogeneous use of face masks
by the general population in Mexico.
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According to the four types of face masks reported by the
participants in this research, N95 and fabric masks represented
the highest percentage. N95 are the ones that generate the high-
est contribution of plastics [51].

The estimate in tons of polypropylene generated by the type
of mask used obtained an approximate value of 1 778 135 623
tons of discarded polypropylene waste (Table 2). This calculation
helped to generate a picture of the amount of single-use plastic
products such as masks that were discarded daily during the pan-
demic. Disposal sites were mostly in inappropriate locations such
as streets, avenues, parking lots, beaches, lagoons, rivers, and seas.
Previous handling of these wastes may have increased the contam-
ination generated by plastics and in turn transported pathogens.

IV. DISCUSSION

The demographic characteristics of the participants obtained
in this research can contribute to generating strategies for the
management of these wastes according to the age groups and sex
ratio of the participants. Coinciding with the above, [52] indicated
that most of the participants in their research were between 18
and 25 years old, corresponding to 58 %; of these, 62.4 % (8 172
people) were women; of the latter, half indicated that they had
completed university studies (51.2 %).

According to the results obtained in this research, 35 % of
the participants mix the masks with household waste without
considering any sanitation measures and have no knowledge of
the correct handling or management of single-use waste. The
above highlights the lack of knowledge about the environmental
impact of masks and the impact of the lack of implementation
of sanitary management practices according to official technical
specifications. Coinciding with the above, [52] it is recommend-
ed to educate the entire population on sustainable and environ-
mentally friendly ways to dispose of used masks, such work
should be independent of age, sex, educational level, income
level or place of residence of the population.

It has been reported that the increase in marine litter is di-
rectly related to the excessive consumption of plastic products
and the lack of education and environmental awareness of the
general population [53]. However, in the Mexican legislation,
disposable plastic bottle caps used by individuals are considered
hazardous waste [49]. However, they can be disposed of together
with municipal solid waste.

In Mexico, regulations were generated as a mechanism
to address emergencies during the SARS-CoV-2 pandemic
(COVID-19), through the declaration and application of a “State
of Emergency” that includes the provision of the necessary eco-
nomic resources to deal with it [29]. Currently, these mecha-
nisms do not include how to manage the use of masks and PPE
by public cleaning service personnel in Mexico.

Masks used during the COVID-19 pandemic should be treat-
ed as biological-infectious waste and should be classified as
waste with hazardous characteristics. Because face masks rep-
resent the most significant input in the health security of the
population in the current pandemic. However, inadequate han-
dling of masks contributes as a potential source of SARS-CoV-2
infection, particularly for people in charge of MSW collection
and processing.
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Within the public health problem, public cleaning personnel
run the risk of transmission of bacterial and parasitic diseases,
the risk of wounds and infections due to sharp objects present
as part of MSW, as well as contact with skin contamination. It
should be noted that the main people affected are public clean-
ing personnel and informal recycling collectors. It is therefore
advisable to apply advanced disinfection techniques and, failing
that, incineration, to dispose of MSW safely.

From the environmental point of view, the relevance of
proper waste management is emphasized, especially in the case
of mouth covers, due to the ease of dispersion of the waste in
coastal aquatic ecosystems [52]. In those that can be brought
in by the action of water and wind drag, they can be incorpo-
rated mainly on beaches and in the sea (Fig. 5), which implies
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that their degradation requires more time to occur and, there-
fore, they can only fragment into microplastics. The presence of
these can cause marine life to ingest these microplastics, putting
their development at risk, since these compounds release toxic
substances. In addition, they reduce the ability of organisms to
carry out their physiological processes, causing their death un-
der certain conditions [53].

The different types of PPE and their composition also rep-
resent an environmental problem, since most of them are com-
posed of hydrocarbon derivatives, which cannot be reused, as the
quality of the product degrades. It has been found that the use of
PPE disinfection technologies modifies in most cases their prop-
erties and characteristics for which they were created, so their
final disposal would represent the most correct management.

TABLE 1
DAILY ESTIMATION OF COVID-19 MASKS GENERATED IN THE STATES OF THE MEXICAN REPUBLIC

Region State To Ep (%) DFM (units) DFM (%)
Baja California 3769 020 96.7 2358 659 3.01
Baja California Sur 798 447 95.4 494 241 0.63
Chihuahua 3741 869 97.2 2351452 3.00
Northwest

Durango 1 832650 96.1 1141125 1.46
Sinaloa 3026943 97 1 888 092 242
Sonora 2944 840 95.5 1 824 405 2.33

16 113 769 96.316 10 057 974
Coahuila de Zaragoza 3146771 93.3 1913 301 2.44
Northeast Nuevo Leén 5784 442 95.4 3580586 4.58
Tamaulipas 3527735 96.8 2209507 2.82

12 458 948 95.166 7703395
Colima 731391 96.9 458 471 0.58
Jalisco 8348 151 95.3 5163 164 6.60

West

Michoacan de Ocampo 4748 846 98.8 3023 990 3.86
Nayarit 1235456 98.3 783 488 1.00

15063 844 97.325 9429113
Hidalgo 3082 841 96.6 1927 635 2.46
Puebla 6583278 95.9 4092 283 5.23
Fast Tlaxcala 1342977 94.6 825 688 1.05
Veracruz de Ignacio de la Llave 8062 579 97.1 5062 442 6.47

19071 675 96.05 11908 047
Aguascalientes 1425607 95.1 880218 1.12
Guanajuato 6166 934 95.1 3807675 4.87
North Central Querétaro 2 368 467 93.4 1441315 1.84
San Luis Potosi 28221255 96.7 1766 172 2.25
Zacatecas 1622 138 96.2 1010 895 1.29

14 405 401 95.3 8906 274
Ciudad de México 9209 944 94.8 5672083 7.25
South Central México 16 992 418 93.4 10 340 622 13.23
Morelos 1971520 97.9 1246 153 1.59

28 173 882 95.366 17 258 858




ENFOQUE UTE, VOL. 14, NO. 4, OCTOBER 2023, PP. 19-28, E-ISSN: 1390-6542

25

Chiapas 5543 828 96.7 3469 337 443
Southwest Guerrero 3540 685 97.7 2234284 2.85
Oaxaca 4132148 97.8 2609 676 3.33
13216 661 97.4 8313297
Campeche 928 363 97.7 585 826 0.74
Southeast Quintana Roo 1857 985 91.1 1108 316 1.41
Tabasco 2402 598 90 1419 364 1.81
Yucatén 2320 898 96.6 1451208 1.85
7509 844 93.85 4564713
Grand total 78 141 672

DFM: Total daily disposable masks

Tp: Total population in the region

Up: Urban population in the region (79 %)

Ar: Mask acceptance rate; Arl1=81.4%; Ar2=15.2 %

Ac: Average daily number of disposable face masks per capita (equivalent to 1)
Ep: Economically active population [54].

TABLE I
DAILY ESTIMATION OF TONS OF POLYPROPYLENE GENERATED BY TYPE OF FACE MASK USED IN THE MEXICAN REPUBLIC

Face mask Population Masks (pcs) % of masks Polypropylene (g) Polypropylene (ton)
Two layers 18272033 11330 542 14.5 1.28 14 503 094
N95 41962 670 26 021 177 33.3 10 260211 767
Surgical 21296 370 13 205 943 16.9 5.12 67614 426
Fabric 44 482 950 27584 010 353 0 0
342 329 287

g-Street/Boca delRio
h-Waterfront/Catemaco

i- Vacant lot/Boca del Rio
j-Street/Boca del Rio
K-Street/Boca delRio
1-Street/Boca del Rio
m-Vacant lot/Boca del Rio

Legend/Location
a-Street/Boca del Rio
b-Sidewalk/Boca del Rio
c-Plarter/Boca del Rio
d-Waterfront/ Veracruz
e-Sidewalk/Boca del Rio
- Vacant lot/Boca del Rio

n-Sidewalk/Boca del Rio
#i-Street/Boca del Rio

Fig. 5. Final disposal of facemasks on public roads and beach areas in the coastal
zone of Veracruz

The volume of plastics used in different activities generates
the proposal of strategies for their degradation, such as the use
of some hydrocarbonoclastic microorganisms that have the
capacity to biodegrade petroleum-derived polymers. Among
these, the application of bacterial consortia in aerobic and an-
aerobic conditions stands out. This procedure is feasible for the
management of single-use masks, since these can be used by
bacteria as a carbon source [55]. It has been described that the
degradation capacity of microorganisms depends mainly on hy-
drolytic enzymes that allow breaking polymeric bonds and thus
obtaining carbon. In the case of masks, enzymes attack small
segments, which generates products of lower molecular weight
that can be degraded to carbon dioxide and water [56].

Other alternatives implemented in different regions for the
utilization of the waste coverings include the use of these resi-
dues as raw material to produce hydraulic concrete, which would
improve its resistance. The implementation of this strategy does
not generate modifications in the water-cement ratio because
the material from which the masks are made does not absorb
water.However, the need to disinfect them by methods such as
ultraviolet germicidal radiation has been pointed out due to the
sanitary risk that this alternative represents for public cleaning
collection personnel. The need for tests to determine the effi-
ciency of the optimal disinfection method has been indicated
[57]. Another waste management method considers that pyrol-
ysis allows the reduction of surgical masks and gloves, since it
does not require the separation of plastic waste, and these can



ENFOQUE UTE, VOL. 14, NO. 4, OCTOBER 2023, PP. 19-28, E-ISSN: 1390-6542

be converted into products such as crude oil and coal for energy
generation at elevated temperatures of 400°C during one hour
of operation [58]. The latter is a measure that allows reducing
pollution from PPE waste and can provide energy sources. It
should be noted that this alternative requires further research on
the technical process; as well as determining the economic and
environmental impact of such a method.

The alternatives implemented for the degradation of plastic
require the development of scientific research to allow its im-
plementation in the treatment of large volumes of waste. The
option considered as the most viable would be the degradation
of plastics by means of microorganisms, since the impact on
the environment would be lower, economically the investment
should be considered for its implementation. However, the ap-
plication of microbial consortia has only been carried out at an
experimental level in the laboratory. It is necessary to continue
with the evaluation of this technology on a larger scale.

V. CONCLUSIONS AND RECOMMENDATIONS

Analysis of the management of solid waste such as single-use
masks has shown that large quantities of plastic waste are gener-
ated. These can have a high impact on the aquatic environment
by being incorporated into it by dragging currents and wind, un-
til they are deposited in inadequate places such as the terrestrial
and marine environment, which can contribute to plastic con-
tamination of ecosystems affecting terrestrial and aquatic fauna.

In the analysis of the use of masks, knowledge about the fi-
nal disposal of these is important to establish base information
for the development of strategies. Likewise, it can contribute to
the development of public policies such as NOM-052-SEMAR-
NAT-2005, in relation to the management of this type of bio-
logical-infectious waste generated in homes, which should have
been considered during the COVID-19 pandemic. In the present
investigation, the perspective on sanitary practices in the spread
of the virus was evidenced, which would imply the implemen-
tation of awareness and sensitization actions towards the popu-
lation, for the separation and labeling of waste masks or PPE in
general. All this in order to avoid the infection of public cleaning
personnel and informal collectors.

Strategies for the final disposal of single-use masks gener-
ally consider incineration as the most effective method for the
disposal of plastic waste generated during the COVID-19 pan-
demic. In the case of Mexico, it should be noted that there is
inadequate management of MSW, with a predominance of open
dumps and landfills without separation management measures,
causing environmental contamination. Therefore, knowing the
social dynamics in the use of masks allows a more precise eval-
uation of the implementation of strategies for the treatment of
this type of waste that generate a lower impact on the environ-
ment, such as the degradation of plastics by means of hydro-
carbonoclast microorganisms, which by enzymatic processes
degrade hydrocarbons; therefore, as masks are generally derived
from polypropylene, they could be degraded in the same way.

(1]

(2]

(3]

(4]

(51

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

26

REFERENCES

Ministerio de Salud, “Actualizacién n° 13. Neumonia por nuevo coro-
navirus (2019-nCoV) en Wuhan, provincia de Hubei,Centro de Coor-
dinacién de Espafia, 2020. Disponible es: https://www.sanidad.gob.
es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/
Actualizacion_13_2019-nCoV_China.pdf

M. Ciotti, M. Ciccozzi, A. Terrinoni, W.-C. Jiang, C.-B. Wang and S.
Bernardini, “The COVID-19 Pandemic,” Critical Reviews in Clinical
Laboratory Sciences, vol. 57, no. 6, pp. 365-388, 2020. doi: https://doi.
org/10.1080/10408363.2020.1783198

D. Carr, “Sharing Research Data and Findings Relevant to the Novel
Coronavirus (COVID-19) outbreak,” Wellcome Trust, 31 January 2020.
[Online].  Available: https://wellcome.org/press-release/sharing-re-
search-data-and-findings-relevant-novel-coronavirus-ncov-outbreak.
[Accessed 31 January 2021].

World Health Organization, “Advice on the Use of Masks in the Con-
text of COVID-19: Interim Guidance,” World Health Organization., 6
April 2020. [Online]. Available: https://apps.who.int/iris/bitstream/
handle/10665/331693/WHO-2019-nCov-IPC_Masks-2020.3-eng.pd-
f?sequence=1&isAllowed=y. [Accessed 25 July 2022].

A. Bhargava, E.A. Fukushima, M. Levine, W. Zhao, F. Tanveer, S. M.
Szpunar and L. Saravolatz, “Predictors for Severe COVID-19 Infec-
tion,” Clinical Infectious Diseases, vol. 71, no. 8, pp. 1962-1968, 2020.
doi: https://doi.org/10.1093/cid/ciaa674

C.Z. Wang, S.L. Hu, L. Wang, M. Li and H.T. Li, “Early Risk Factors of
the Exacerbation of Coronavirus Disease 2019 Pneumonia,” vol. 92, no.
11, pp. 2593-2599, 2020. doi: https://doi.org/10.1002/jmv.26071

L. S. Hung, “The SARS Epidemic in Hong Kong: What Lessons Have
we Learned?,” Journal of the Royal Society of Medicine, vol. 96, no. 8,
pp. 374-378, 2003. doi: 10.1258/jrsm.96.8.374

Organizacién Panamericana de la Salud, “El exceso de mortalidad aso-
ciada a la pandemia de la COVID-19 fue de 14,9 millones de muertes
en 2020 y 2021,” Organizaciéon Panamericana de la Salud, 5 May
2022. [Online]. Available: https://www.paho.org/es/noticias/5-5-2022-
exceso-mortalidad-asociada-pandemia-covid-19-fue-149-millones-
muertes-2020-2021. [Accessed 25 July 2022].

I. Kanter-Coronel, “Muertes por Covid-19 en México,” Instituto Belisa-
rio Dominguez, México, 2020. http://www.bibliodigitalibd.senado.gob.
mx/handle/123456789/4927

B. Nussbaumer-Streit, V. Mayr, A. I. Dobrescu, A. Chapman, E. Per-
sad, I. Klerings, G. Wagner, U. Siebert, D. Ledinger, C. Zachariah and
G. Gartlehner, “Quarantine Alone or in Combination with other Public
Health Measures to Control COVID-19: a Rapid Review,” Cochrane
Database of Systematic Reviews, no. 9, pp. 1-69, 2020. doi: https://doi.
0rg/10.1002/14651858.CD013574.pub2

H. A. Rothan and S. N. Byrareddy, “The Epidemiology and Pathogen-
esis of Coronavirus Disease (COVID-19) Outbreak,” Journal of Au-
toimmunity, vol. 109, p. 102433, 2020. doi: https://doi.org/10.1016/j.
jaut.2020.102433

M. Palacios-Cruz, E. Santos, M. Velazquez-Cervantes and M. Le6n-
Juarez, “COVID-19, a Worldwide Public Health Emergency,” vol. 221,
no. 1, pp. 55 - 61, 2021. doi: 10.1016/j.rce.2020.03.001

G. Kampf, D. Todt, S. Pfaender and E. Steinmann, “Persistence of
Coronaviruses on Inanimate Surfaces and Their Inactivation with
Biocidal Agents,” vol. 104, no. 3, pp. 246-251, 2020. doi: https://doi.
org/10.1016/j.jhin.2020.01.022

D. K. Becerra-Paniagua, “Los otros efectos del COVID-19: un panora-
ma ambiental,” Academia de Ciencias de Morelos, 20 July 2020. [On-
line]. Disponible en: https://acmor.org/publicaciones/los-otros-efectos-
del-covid-19-un-panorama-ambiental. [Accessed 25 July 2022].

A. G. Silva-Belascol and C. Dezoti-a Fonseca, “Coronavirus 2020,” Re-
vista Brasileira de Enfermagem, vol. 73, no. 2, 2020. doi: https://doi.
org/10.1590/0034-7167-2020730201

‘World Health Organization and United Nations Children’s Fund, “Water,
Sanitation, Hygiene and Waste Management for COVID-19: technical
brief,” World Health Organization, 3 March 2020. [Online]. Available:
https://apps.who.int/iris/handle/10665/331305. [Accessed 25 July 2022].



ENFOQUE UTE, VOL. 14, NO. 4, OCTOBER 2023, PP. 19-28, E-ISSN: 1390-6542

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(271

[28]

[29]

(32]

[33]

[34]

J. M. Aranaz-Andrés, M. T. Gea-Velazquez de Castro, J. Vicente-Gui-
jarro, J. Beltran-Peribafiez, M. Garcia-Haro, J. L. Valencia-Martin, C.
Bischofberger-Valdés and Grupo de Trabajo COVID-19 del Hospital
Universitar, “Masks as Personal Protective Equipment in the COVID-19
Pandemic: How, When and Which Should be used,” Journal of Health-
care Quality Research, vol. 35, no. 4, pp. 245-252, 2020. doi: 10.1016/j.
jhqr.2020.06.001

S. Lopez-Leon, C. Ayuzo, C. Perelman, R. Sepulveda, I. J. Colunga-Pe-
draza, A. Cuapio and T. Wegman-Ostrosky, “Cubrebocas en tiempo de
pandemia, revision histérica, cientifica y recomendaciones practicas,”
SciELO Preprints Server, 2020. doi: https://doi. org/10.1590/SciELO-
Preprints, 1551.

Mayo Clinic, “;Las mascarillas son una buena proteccion contra la
COVID-19?,” Mayo Clinic, 21 July 2023. [Online]. Available: https://
www.mayoclinic.org/es/diseases-conditions/coronavirus/in-depth/coro-
navirus-mask/art-20485449. [Accessed 20 July 2023].

P. Potluri and P. Needham, “Technical Textiles for Protection,” in Tex-
tiles for protection, UK, CRC Press, 2005, pp. 151-173.

S. Saadat, D. Rawtani and C. Mustansar-Hussain, “Environmental Per-
spective of COVID-19,” Science of The Total Environment, vol. 728,
p. 138870, 2020. doi: https://doi.org/10.1016/j.scitotenv.2020.138870
K. Al-Omran, E. Khan, N. Ali and M. Bilal, “Estimation of COVID-19
Generated Medical Waste in the Kingdom of Bahrain,” Science of
The Total Environment, vol. 801, p. 149642, 2021. doi: https://doi.
org/10.1016/j.scitotenv.2021.149642

M. B. Haddad, G. E. De-la-Torre, .M. R. Abelouah, S. Hajji and A.
A. Alla, “Personal Protective Equipment (PPE) Pollution Associated
with the COVID-19 Pandemic A long the C oastline of Agadir, Moroc-
co,” Science of The Total Environment, vol. 798, p. 149282, 2021. doi:
https://doi.org/10.1016/j.scitotenv.2021.149282

K. S.Khoo, L. Y. Ho, H.R. Lim, H. Y. Leong and K. W. Chew, “ Plastic
W aste Associated with the COVID-19 P andemic: Crisis or O pportuni-
ty?,” Journal of Hazardous Materials, vol. 417, no. 5, p. 126108, 2021.
doi: https://doi.org/10.1016/j.jhazmat.2021.126108

F. O. Sanchez-Gutierrez, *“ Retos pos pandemia en la gestién de residuos
solidos,” CienciAmérica, vol. 10, no. 1, pp. 11- 23, 2021. doi: http://
orcid.org/0000-0002-5995-4402

T. A. Aragaw, “Surgical Face Masks as a Potential Source for Microplas-
tic Pollution in the COVID-19 Scenario,” Marine Pollution Bulletin, p.
111517, 2020. doi: https://doi.org/10.1016/j.marpolbul.2020.111517
K. Schanes, K. Dobernig and B. Gozet , “ Food W aste M atters - A
Systematic Review of Household Food Waste Practices and Their Policy
Implications,” Journal of Cleaner Production, vol. 182, no. 1, pp. 978-
991, 2018. doi: https://doi.org/10.1016/j.jclepro.2018.02.030

M. Mofijur, I. R. Fattah, M. A. Alam, A. S. Islam, H. C. Ong, S. A.
Rahman, G. Najafi, S. Ahmed, M. A. Uddin and T. Mahlia, “Impact
of COVID-19 on the Social, Economic, Environmental and Energy
Domains: Lessons Learnt from a Global Pandemic,” Sustainable Pro-
duction and Consumption, vol. 26, pp. 343-359, 2021. doi: https://doi.
org/10.1016/j.spc.2020.10.016

M. A. Zambrano-Monserrate, M. A. Ruano and . L. Sanchez-Alcal-
de, “Indirect Effects of COVID-19 on the Environment,” Science of
The Total Environment, vol. 728, p. 138813, 2020. doi: https://doi.
org/10.1016/j.scitotenv.2020.138813

A. Savino, G. Soldrzano, C. Quispe and M. C. Correal, “Waste Manage-
ment Outlook for Latin America and the Caribbean,” UNEnvironment,
Panama, 2018.

World Wide Fund for Nature, “Hay que tomar medidas decididas para
frenar la contaminacion de plasticos de un solo uso,” World Wide Fund
for Nature Espana, 02 June 2020. [Online]. Available: https://www.
wwf.es/?54741/Hay-que-tomar-medidas-decididas-para-frenar-la-con-
taminacion-de-plasticos-de-un-solo-uso. [Accessed 25 07 2022].
Secretaria de Medio Ambiente y Recursos Naturales, Secretaria de Sa-
lud y Consejo Nacional de Ciencia y Tecnologia, “Cartilla de Mejores
Practicas para la Prevencién del COVID-19 en el Gobierno de México”,
México, 2020.

Congreso de los Estados Unidos Mexicanos, “Ley General del Equilib-
rio Ecoldgico y Proteccién al Ambiente,” Diario Oficial de la Feder-
acion, México, 2023.

J. A. Toledo- Cervantes, V. L. Diaz- Nufiez and A. D . J. Martinez- Ro-
driguez, “Andlisis de los habitos en el manejo de los residuos Covid-19
en la vivienda y en los puntos limpios. Caso de estudio: Unidad Habita-

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

27

cional Panoramica de Huentitan, Guadalajara,” Topofilia, Revista de Ar-
quitectura, Urbanismo y Territorios, vol. 13, no. 21, pp. 117-138, 2020.
doi: https://topofilia.buap.mx/index.php/topofilia/article/view/103

L. D. Nghiem, B. Morgan, E. Donner and M. D. Short, “The COVID-19
Pandemic: Considerations for the Waste and Wastewater Services Sec-
tor,” Case Studies in Chemical and Environmental Engineering, vol. 1,
p. 100006, 2020. doi: https://doi.org/10.1016/j.cscee.2020.100006

N. M. Jiménez-Martinez, “La gestion de los residuos sdlidos urbanos
en tiempos del COVID-19,” Centro Regional de Investigaciones Mul-
tidisciplinarias., vol. 27, p. 6, 2020. doi: https://ru.crim.unam.mx/han-
dle/123456789/6726

M. A. Susunaga-Miranda, B. Ortiz-Muiioz, M. d. R. Castafieda-Chavez,
F. Lango-Reynoso and M. d. C. Hernandez-Berriel, “Sitios de dis-
posicion final de residuos sdlidos abandonados en la Region de Sotaven-
to del Estado de Veracruz, México, utilizando herramientas SIG,” Enfo-
que UTE, vol. 13, no. 4, pp. 11-28, 2022. doi: https://doi.org/10.29019/
enfoqueute.853

T. D. Timothy-Oyedotun, O. Faith-Kasim, A. Famewo, T. Deborah Oye-
dotun, S. Moonsammy, N. Ally and D.M. Renn-Moonsammy, ‘“Munici-
pal Waste Management in the Era of COVID-19: Perceptions, Practices,
and Potentials for Research in Developing Countries,” Research in Glo-
balization, vol. 2, p. 100033, 2020. doi: 10.1016/j.resglo.2020.100033
United Nations, “Los 13 desafios de la salud mundial en esta década,”
United Nations, 13 01 2020. [Online]. Available: https://news.un.org/es/
story/2020/01/1467872. [Accessed 25 July 2022].

M. Bracho, L. Diaz and L. M. Soto, “Biodegradacion de hidrocarburos
aromaticos policiclicos y heterociclicos por Pseudomonas SPP,” CIEN-
CIA, vol. 12, no. 4, pp. 269-275, 2004. doi: https://produccioncientifi-
caluz.org/index.php/ciencia/article/view/9226

M. A. Lizardi-Jiménez, G. Saucedo-Castaiieda, F. Thalasso and M.
Gutiérrez-Rojas, “Simultaneous Hexadecane and Oxygen Transfer Rate
on the Production of an Oil-Degrading C onsortium in a T hree-P hase
A irlift B ioreactor,” Chemical Engineering Journal, vol. 187, pp. 160-
165, 2012. doi: https://doi.org/10.1016/j.cej.2012.01.114

Y. Barrios-San Martin , A. Acosta S, Sanchez , A. Toled , F. Gonzalez
and R. Garcia , “ Estudio y seleccion de bacterias aerobias degradado-
ras de hidrocarburos del petréleo aisladas de costas de Cuba,  Biotec-
nologia Aplicada, vol. 29, no. 2, pp. 80-86, 2012. doi: http://ref.scielo.
org/6f3h9p

M. d. R. Castaiieda-Chavez, B. Y. Lopez-Sanchez, C. Reyes-Veldzquez,
F. Lango-Reynoso and M. A. Lizardi-Jiménez, *“ Identificacion de espe-
cies dominantes en un consorcio microbiano eficiente en la degradacién
de diésel,” Revista Internacional de Contaminacion Ambiental, vol. 38,
pp. 155-167, 2022. doi: https://doi.org/10.20937/RICA.54235

R. Hernandez- Sampieri , C. Fernandez- Collado and P. Baptista- Lucio,
“Metodologia de la investigacion. Las rutas cuantitativa, cualitativa y
mixta, ” pp. 310-386. McGraw-Hill Interamericana, 2004 .

E. Villavicencio-Capar6, M. C. Alvear-Cérdova, K. Cuenca-Ledn, M.
Calder6n-Curipoma, K. Zhunio-Ordofiez and F. Webster-Carrion, “El
tamafio muestral para la tesis ;cudntas personas debo encuestar?,””
Odontologia Activa Revista Cientifica, vol. 2, no. 1, pp. 59- 62, 2017.
doi: https://doi.org/10.31984/0activa.v2il.175

C. Nzediegwu and S. X. Chang, “Improper Solid Waste Management
Increases Potential for COVID-19 Spread in Developing Countries,” Re-
sources, C onservation, and R ecycling, vol. 161, p. 104947, 2020. doi:
https://doi.org/10.1016/j.resconrec.2020.104947

R. Custodio-Urban and L. Y. Kondo-Nakada, “COVID-19 Pandem-
ic: Solid Waste and Environmental Impacts in Brazil,” Science of The
Total Environment, vol. 755, no. 1, pp. 142471, 2021. doi: https://doi.
org/10.1016/j.scitotenv.2020.142471

F. G. Torres and G. E. De la Torre, “Face Mask Waste Generation and
Management During the COVID-19 Pandemic: An Overview and
the Peruvian Case ,” Science of The Total Environment, vol. 786, pp.
147628, 2021. doi: https://doi.org/10.1016/j.scitotenv.2021.147628
Secretaria de Medio Ambiente y Recursos Naturales, “NOM-052-
SEMARNAT-2005, que establece las caracteristicas, el procedimiento
de identificacion, clasificacion y los listados de los residuos peligrosos
Diario Oficial de la Federacion, México, 2005.

Instituto Nacional de Estadistica y Geografia, “Censo de Poblacién y
Vivienda 2020,” Instituto Nacional de Estadistica y Geografia, Méx-
ico, 2020.



ENFOQUE UTE, VOL. 14, NO. 4, OCTOBER 2023, PP. 19-28, E-ISSN: 1390-6542

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Z. Quist,The Rise of the Face M ask: What’s the E nvironmental I mpact
of 17 M illion N95 M asks?,” Ecochain, 10 August 2020. [Online].
Available:  https://ecochain.com/blog/footprint-face-masks-compari-
son/. [Accessed 10 October 2020].

M. R. Limon, J. P. C. Vallente, A. R. V. Cajigal, M. U. Aquino, J. A.
Aragon and R. L. Acosta, “Unmasking Emerging Issues in Solid Waste
Management: Knowledge and Self-Reported Practices on the Discarded
Disposable Masks During the COVID-19 Pandemic in the Philippines,”
Environmental Challenges, vol. 6, pp. 100435, 2022. doi: https://doi.
org/10.1016/j.envc.2021.100435

R. Elias, “Mar del plastico: una revision del pléastico en el mar,” Revista
de Investigacion y Desarrollo Pesquero, vol. 27, pp. 83-105, 2015. doi:
http://hdl.handle.net/1834/10964

Instituto Nacional de Estadistica y Geografia, “Censo de Poblacién y
Vivienda 2020,” 16 marzo 2021. [Online]. Available: https://www.ine-
gi.org.mx/programas/ccpv/2020/#Resultados_generales . [Accessed 15
November 2022].

C. De La Cruz-Orihuela and A. Arone-Valencia, “Biodegradacion
de polietileno de baja densidad mediante un consorcio microbiano a
condiciones anaerobias y aerobias”, Lima: UNIVERSIDAD PERUANA
UNION, 2020. doi: http:/hdl.handle.net/20.500.12840/3219

S. V. Contreras-Garcia and M. Cubas-Linares, “Biotecnologias bacteri-
anas para la biodegradacion de polimeros,” Una revision sistemdtica y
metaandlisis, Lima: Universidad César Vallejo, 2020. doi: https://repos-
itorio.ucv.edu.pe/handle/20.500.12692/54666

L. N. Arce- Arce and Y. Simanca- Acevedo, *“ Propuesta de alternativa
para la gestion de residuos biosanitarios (tapabocas) generados en el
sector residencial durante la pandemia del Covid- 19 bajo la estrategia
de la economia circular,” Bogotéd: Universidad de La Salle, 2021. doi:
https://ciencia.lasalle.edu.co/ing_ambiental_sanitaria/1928

T. A. Aragaw and B. Ayalew Mekonnen, “ Current Plastics P ollution
T hreats due to COVID-19 and its P ossible M itigation T echniques: a
W aste-to-E nergy C onversion via Pyrolysis,” Environmental Systems
Research, vol. 10, pp. 1-11, 2021. doi: https://doi.org/10.1186/s40068-
020-00217=x

28



