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Abstract
The COVID-19 pandemic has placed a great challenge in waste management around the world. While the use of face masks has been shown
to reduce the number of transmissions of COVID-19, it has also generated a high amount of waste, undermining the capacity of authorities
and dumping areas to manage medical waste correctly. Latin American countries are particularly vulnerable because they are not self-
su�cient to ensure adequate used facemasks management during the outbreak. The pandemic has led to poor purchasing practices, use,
and disposal of this type of product, which can cause environmental contamination and health problems. This article focuses on Latin
American using Mexico as a study case since it is one of the countries most affected by the pandemic. That shows the health risks of the
population exposed to social inequalities and evaluates the future environmental implications arising from a lack of legislation for correct
disposal of waste management in several Latin American countries, such as the generation of microplastics or plastic pollution. Since the
pandemic is predicted to last until 2021, this is a good scenario to develop new policies for good urban solid waste management in favor of
human health and the environment.

Introduction
Latin America has become the epicenter of COVID-19 starting in May since the World Health Organization (WHO) declared it a pandemic in
March 2020 (WHO 2020a). At the beginning of February 2021, 108,822,960 con�rmed cases have been registered, of which 48,457,101 to
Americas. The most affected countries are United States (27,309,503 cases), Brazil (9.834, 513 cases), Colombia (2,195,039 cases),
Argentina (2,025,798 cases) and Mexico (1, 992,794) (WHO. 2020b). This situation has led to measures in the Latin American region, such as
social isolation, massive use of antibacterial gel, facemasks, and gloves by the civilian population to face the COVID-19 pandemic. Although
the World Health Organization (WHO) and governments will not agree on whether the use of mouth masks is essential for the entire
population, these items have become one of the most demanded products in the world since the beginning of the coronavirus crisis. But the
widespread use of protective gear throughout the world creates massive waste disposal and health risk problems.

The COVID-19 pandemic has left great challenges in the handling of municipal solid waste and hazardous medical waste that needs to be
managed sustainably. The use of facemasks (FM) will be a continuous measure of protection to stop the spread of saliva and respiratory
droplets to others (Cheng et al, 2020; Moreno et al, 2020). FM are products frequently pathogen-contaminated, and ought to be handled as
hazardous waste (Klemes et al, 2020). On the other hand, patients with mild symptoms who are self-isolated at home will keep generating
contaminated MSW. The MSW and FM in the current pandemic scenario require a substantial structural change in waste management, from
the sorting rules, collecting methods, and waste treatment to the safety protocol of the waste collection for workers.

The effect of the COVID-19 pandemic on the environment has already been pointed out, due to an increase in the use of facemasks and
gloves. Their improper disposition is the greatest environmental concern about pollution in terrestrial and marine ecosystems (Kalina et al.,
2020; Klemes et al., 2020). Besides, there is a risk of exposure to COVID-19, due to the misuse and incorrect disposal of these materials by
the civil population, which has not been analyzed nor addressed, especially in developing countries.

Biohazardous and health waste
Biohazardous waste is a material that includes human and nonhuman primate blood, tissue, body �uids, and cell lines. Since the pandemic
started and FM use was mandatory in some spaces, have been generated more biohazardous waste than before. That implies a new
environmental problem and a new challenge to the current pollution world issue. In this division, Health Waste (HW) includes all generated
waste within health care facilities and waste originated from minor sources, including the one produced during health care undertaken at
home, which is one of the most common cases, given the asymptomatic patients.

Around 75 to 90% of HW could be compared to municipal solid waste. The problem remains in the 10-25% left, posing environmental and
health risks. Minimal exposure to material contaminated with these �uids can result in severe health problems. The HW could be a focus for
the transmission of infectious pathogenic microorganisms to the environment through direct contact with them, like inhalation, ingestion, or
through the food chain. Incineration would reduce the volume of waste and its potential for infection; however, uncontrolled burning could
active toxic emissions of a variety of pollutants (Ferronato and Torreta 2019).

Municipal Solid Waste Management in Latin American
Municipal solid waste management (MSWM) is considered critical public health, as well as economic and environmental concerns,
especially in developing countries. The waste fraction generated by households, shops, restaurants, o�ces, street sweeping, green areas
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maintenance, and other small activities, is disposed of mainly in open dumps (Ferronato and Torretta 2019). There are no technological
facilities for MSWM treatment especially in Latin America (Ferronato et al. 2018). The Pan-American Health Organization developed the
Recommendations for Solid Waste Management, which explains in a very simple way the solid waste management (SWM). It applies to
hospital staff, common waste transportation, and special considerations for waste management to be treated outside of hospital facilities
but does not address waste management in homes (PAHO 2020).

The SWM in developing countries has received less attention from politicians, researchers, and academics than other urban environmental
problems (Cruvinel et al. 2019). The lack of infrastructure for collection, transportation, treatment, and �nal disposal, management planning,
�nancial resources, know-how, and public attitude reduces the chances of improvement (Ferronato and Torretta 2019). This situation is of
particular concern to Latin America because inadequate SWM has effects on the health and quality of life of the population (de Souza et al.
2020).

Use and disposal of facemasks in Latin America
In the USA, it is recommended that facemasks (FM), gloves, tissues, and other contaminated wastes be disposed of in double-bagged by the
risk of contamination with pathogens (Association of Cities and Regions for Sustainable Resource Management, 2020). However, the
scenario in the Latin American and Caribbean areas is different. First, this region is highly dependent on imports of medical products, as less
than 4% of these are sourced within the region itself (ELAC, 2020). Second, this has led to a recurring insu�cient scenario supply due to
shortage, so the civil population has resorted to disinfection processes for lengthy usage or reuse of FM. However, recent evidence shows
that the virus might be especially stable on the surface of surgical masks (one of the most widely used face mask types) for as long as 7-9
days (Chin et al. 2020; Moreno et al. 2020). Third, even more serious, in popular areas of Mexico, there have been reports of the sale of used
FM in popular markets and �ea markets. The authorities have already alerted the population to discard the FM that should be cut and
bagged to prevent others from picking them up from the garbage and selling them again (INFOBAE, 2020). Therefore, in this scenario, the
most vulnerable people to COVID-19 are the low-income population because they cannot cover the cost of convenient FM to protect
themselves in public spaces and workplaces.

Another risk factor in the Latin American and Caribbean region is the incorrect disposal of used FM and gloves. That is of particular concern
for those asymptomatic individuals and patients who do not require hospitalization and are recovered at home. The solid waste generated in
those patients' homes that are not disposed of properly can be a source of infection for the general population and formal and informal
waste collection workers. The WHO published a series of protective measures against COVID-19. Those include avoiding touching surfaces
in public settings, given the fact that someone with COVID-19 could have touched and spread the virus, frequent cleaning of hands with soap
and water, or with an alcohol-based hand rub. In contrast, most waste pickers live with a low daily income or lack of protective equipment
when working, increasing the probabilities of transmission in this scenario (WHO, 2020c).

Use and disposal of FM in Mexico
According to article 18 of the General law for the prevention and integral management of waste (LGPGIR, 2014) in Mexico, municipal
authorities and the corresponding secretaries should create programs for the integral management of dangerous waste generated in
households when disposing of these products, which may contain risk materials. That also applies to o�ces and institutions. Moreover,
states and municipalities that provide the public service of cleaning or that execute programs for the separation, collection, and storage of
the waste that might possess hazardous waste, must observe the management criteria established in the Law, these Regulations, and the
o�cial Mexican standards. Regardless of the last statements, most governmental authorities are not taking action into this, easing the
exposure to infectious and biological waste to the general population.

As stated by some reports from Mexico City, authorities found 3.5 tons of hospital waste were thrown away in the surrounding forests of the
city, and around 6000 cubic meters of medical waste piled up in a clandestine dump in the state of Puebla. Despite that the Federal
Attorney's O�ce for Environmental Protection (PROFEPA, in Spanish) had stated that most of these residues must be incinerated, some
service providers were not responsible for managing correctly this waste, threatening citizens’ health (Deutsche Welle 2020).

Materials And Methods
In this study we estimated the number of masks that can be discarded in the most populated cities of Mexico, all of them with more than one
million inhabitants. To make the estimate, we use with the following equation (Nzediegwu and Chang 2020) with some modi�cations (Urban
and Nakada 2021):
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where:

TDF: Total daily disposable facemasks

Pop.: Total population

Urb.: Urban Population (%)

FAR: Facemask acceptance rate = 80%

ADFPC: Average daily disposable facemasks per capita = 2

Results And Discussion
According to the formula, in Mexico, 43,606,224 facemasks are disposable daily only in its most populated cities (Table 1). Such an amount
of health waste is a challenge for urban waste management because garbage separation is mandatory for citizens in Mexico City only.
Poorly managed medical waste is the major infection source for patients, health care workers, waste handlers, and the general public
(Ferronato and Torretta 2019). The solid waste from patients who are treated for infectious diseases in their homes is a risk to waste
collection workers and the environment, depending on the conditions of transport and disposal of the waste (Ferronato and Torretta 2019;
Gomes y Caldas 2020). In Nicolas Romero town, Mexico, tons of medical residues were thrown away starting in April of 2020. When cleaning
inspectors arrived at the zone on May 4th, around 3.5 tons of material, including biological residues and human tissue partially incinerated
were found. The case of Nicolas Romero town is one example of bad waste management with future environmental implications (Deutsche
Welle, 2020). Environmental contamination due to SWM is as well a global issue. The inadequate SWM has environmental and social
impacts, placing at risk the health and life quality of urban populations. This problem is more severe in developing countries, where less than
30% of domestic garbage is handled appropriately.

Table 1

Estimates of daily disposable FM in cities with more than 1 million people in Mexico, during the COVID-19 pandemic*

State City Total population Masks discarded per day

Ciudad de México Ciudad de Mexico 8,851,080 17, 702,160

Estado de México Ecatepec 1,655,015 3,310,030

Jalisco Guadalajara 1,495,182 2,990,364

Puebla de Zaragoza Puebla 1,434,062 2,868,124

Baja California Tijuana 1,321,004 2,642,008

Chihuahua Ciudad juarez 1,300,983 2,601,966

Guanajuato Leon 1,238,962 2,477,924

Jalisco Zapopan 1,142,483 2,284,966

Nuevo León Monterrey 1,135,512 2,271,024

Tamaulipas Reynosa 1,124,244 2,248,488

Estado de México Nezahualcoyotl 1,104,585 2,209,170

Total 21,803,112 43,606,224

* Considering each person uses 2 units per day, with acceptance by 80% of total population

The health waste and waste pickers in Latin America
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In worldwide, two million informal recyclers work in SWM, particularly in the low- and middle-income countries, where the waste management
is undertaken poorly, causing signi�cant impacts on human health and the environment (Cruvinel et al. 2019; Ferronato and Torretta 2019).
Incorrect SWM intensi�es the risk of problematic health conditions of waste pickers, an informal working group widely recognized in informal
land�lls in Latin America and the Caribbean. This population is the �rst to suffer the consequences of inadequate SWM. Studies have shown
that waste pickers face unhealthy situations, such as poor hygiene practices and lack of access to personal protection equipment, or the
inadequate use of the same (Cruvinel et al. 2019; Ferronato and Torretta 2019). One study in South Sudan, Africa, evidence that waste
pickers working with recyclable materials are at higher risk of developing pulmonary diseases, HIV, and hepatitis C as a result of contact with
sharp items and hazardous health waste (Cowing 2013). More worrying, without adequate management of domiciliary waste infected by
COVID-19 from patients undergoing treatment at home, waste pickers, formal waste collection workers, and the whole population are at risk
of contagion (Ferronato and Torretta 2019; Gomes and Caldas 2020). Furthermore, decomposing organic waste is a rich medium or culture
for the growth of numerous micro-organisms, many of which could drive to zoonotic diseases if passed on to humans (Ziraba et al. 2016;
Fadare and Okoffo 2020).

In addition to the conditions of labor vulnerability, waste pickers present risk factors that make them more vulnerable to suffer the most
severe conditions than the COVID 19 contagion. In a study conducted with waste pickers in Brazil, Colombia, and Mexico, the following
health conditions were found tiredness, coughing, shortness of breath, asthma, allergies, dengue fever, tuberculosis, smoking, hypertension;
bronchitis, diabetes, HIV/AIDS infections, hypertension, respiratory diseases, and obesity. Additionally, to their work conditions, the health of
waste pickers can be worsened if they are living in marginalized areas (slum areas), which do not have a public water supply or sewer
system (Cruvinel et al. 2019). The aforementioned put the waste-pickers within the most vulnerable population to contract COVID-19 or any
other disease spread through poor SWM. According to the WHO guidance on water, sanitation program (WASH), hygiene, safe water,
sanitation, waste management, and hygienic conditions are essential for preventing and protecting human health against infectious
diseases, such as COVID-19. Given the ease of transmission of COVID-19 through contaminated materials or even through feces, waste
pickers are at higher risk due to exposure to biological matter, not just with contaminated FM, but with fecal material (WHOc).

FM as a source of environmental contamination by solid waste
mismanagement
The under-covered issue from these materials is also the generation of microplastics, given the fact that FM is produced from polymers, such
as polypropylene, polyurethane, polyacrylonitrile, polystyrene, polycarbonate, polyethylene, or polyester. Polymers can be
degraded/fragmented into smaller pieces of particles under 5 µm, known as microplastics, under environmental conditions (Fadare and
Okoffo 2020). Besides, microplastics contain toxic chemicals like phthalates, organotin, nonylphenol, polybrominated biphenyl ether, and
triclosan, which can be released during chemical or biological degradation processes in open-air conditions. As a consequence, �ora, fauna,
and the environment are threatened by this kind of contamination. Besides, FM are easily ingested by aquatic organisms, such as �shes
affecting the food web that could end up in human consumption and �nally in human health problems (Aragaw 2020).

Alternatives to reduce the spread of COVID 19 by the incorrect use and
disposition of FM
There are several feasible alternatives for disinfecting FM. Heat and ultraviolet germicidal irradiation, to highlight the main ones standing out
among them. These methods have proven successful for inactivating the virus COVID-19. 15. However, in Latin America and the Caribbean,
this option is not viable for the most vulnerable population and workers involved in formal and informal urban waste management due to the
cost involved in these disinfection methods. However, they are the ones who are most at risk if we assume that about 43,606,224 facemasks
are discarded only in the most populated cities in Mexico

Cheaper disinfection methods such as chemicals like soap, ethanol, or sodium hypochlorite have demonstrated their effectiveness as
methods of disinfecting FM and medical equipment (Reychler et al. 2005). However, for COVID-19 these methods are not recommended
since they would remove the electrostatic mask charge, impairing its �ltration capacities (Moreno et al. 2020). Therefore, chemical
disinfection methods should be avoided by the general population who intend to reuse FM. For the above mentioned, health authorities
should inform the general population about the risks involved in the reuse of FM with or without disinfection. However, chemical methods for
disinfection can be part of the process of disposing of FM at home to reduce the risk of exposure to formal and informal workers related to
urban solid waste management.
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The mandatory use of FM at a global level has been developed as one of the main measures to reduce the contagion risk and dispersion of
COVID-19. These materials should be considered as biological waste. However, health authorities, especially in Latin America, do not provide
adequate information on how to dispose of these materials once they are used. The information could be distributed through social
networks, television, radio, and print media to ensure that it reaches the entire population.

Countries as Rwanda it was introduced a guideline to buffer the environment from potential harm and health risks. According to this
guideline, used FM must be segregated and con�ned from other kinds of waste in domiciliary places or o�ces. This guideline mentions that
the waste should be discarded in a dry place uniquely used for FM disposal away from the population’s houses, workplaces, or any other
spaces close to people, within a 4-meter distance from a sleeping area or where people perform activities, especially at open air. Besides, they
should not be reused and should be used properly (Mugemana 2020).

Due to the waste generated by the Covid-19 pandemic in Mexico was developed the “Cartilla de Mejores Prácticas para la Prevención del
COVID-19 en el Manejo de los Residuos Sólidos Urbanos (RSU)” explains in detail how to handle SUW at home, in public places, and in the
cleaning of public transportation, as well as SUW generated by a household of infected people or a non-hospital organization where one or
more infected people reside (Ministry of Environment and Natural Resources 2020). However, this information has not been understood by
the population since it is frequent to see in the streets and public places the incorrect disposition of used masks (Fig. 1). Which increases the
risk of dispersion of COVID-19 and environmental contamination.

Solid waste mismanagement is a global issue in terms of environmental contamination, social inclusion, and economic sustainability, which
requires integrated assessments and holistic approaches for the solution (Ferronato and Torretta 2019). Universal FM use is a necessary
adjunctive public health measure to decrease the infection risk by COVID-19 in densely populated cities. Among the many adverse
consequences of the COVID-19 pandemic, is the sudden surge in the volume of plastic waste, particularly for medical equipment used for
health professionals and healthcare purposes that should be considered as side effects. The crucial priority is the destruction of residual
pathogens for safe disposal waste. Effective healthcare waste management requires appropriate identi�cation, collection, separation,
storage, transportation, treatment, and disposal.

According to the Sustainable Development Goals (SDGs), the correct SWM is part of the environment and health preservation. Stakeholders
and governments should know that SWM is a complex system that involves environmental, social, and economic issues. New laws and
regulations in Latin America about SWM should include environmental, social, and health bene�cial impacts, which must be prioritized by
decision-makers and researchers.

Conclusions
Latin American countries are particularly vulnerable because they are not self-su�cient to ensure adequate facemasks management during
the outbreak. This situation has led to poor purchasing practices, use, and disposal of these products, which can cause environmental
contamination and health problems. In Mexico, the competent authorities responsible for waste collection and treatment should create
guidelines and procedures to apply during pandemics regarding the correct handling of used FM and biohazardous waste from homes and
public places. This kind of intervention will diminish the incorrect disposition of FM and other biohazard materials on dumped inland �elds.
The correct disposal of used FM can reduce the infection risk for urban solid waste collection workers and the population. Considering that
there are already protocols to follow in hospitals and laboratories to manage biohazardous waste, it is a priority to create one for the
household patients with COVID-19 in México, given to hospitals saturation. This information must be spread on the mass media for the
population.

The COVID-19 pandemic is a good scenario to develop new policies to better SWM in favor of human health and the environment. Good
urban solid waste management will be bene�tting the most vulnerable population as workers in the formal and informal collection of urban
solid waste and look after their health. In the long term, it would also bene�t environmental and health conditions in the urban areas in Latin
America.

Declaration

Declaration of competing interests.
The authors declare that they have no known competing for �nancial interests or personal relationships that could have appeared to
in�uence the work reported in this paper.

References



Page 7/9

1. Aragaw T (2020) Surgical face masks as a potential source for microplastic pollution in the COVID-19 scenario. Mar Poll Bull 159:
111517. https://doi.org/10.1016/j.marpolbul.2020.111517

2. Association of Cities and Regions for Sustainable Resource Management (2020) Municipal waste management and COVID-19.
https://www.acrplus.org/en/municipal-waste-management-covid-19 Accessed 12 November 2020.

3. Cheng VCC, Wong SC, Chuang VWM, So SYC, Chen JHK, Sridhar S, To KK, Chan JFW, Hung IF, Ho PL, Yuen KY (2020) The role of
community-wide wearing of face mask for control of coronavirus disease 2019 (COVID-19) epidemic due to SARS-CoV-2. J Inf 81: 107–
114. https://doi.org/10.1016/j.jinf.2020.04.024

4. Chin A, Chu J, Perera M et al. (2020) Stability of SARS-CoV-2 in different environmental conditions. Lancet 2020 Apr 2.
https://doi.org/10.1016/S2666-5247(20)30003-3

5. Cowing MJ (2013) Health and Safety Guidelines for Waste Pickers in South Sudan. South Sudan: United Nations Environment
Programme: South Sudan. 1st edition. http://unep.org/SouthSudan/ Accessed 10 November 2020.

�. Cruvinel RNV, Marques CP, Cardoso V, Novaes MRCG, Araújo WN, Angulo-Tuesta A, Escalda PMF, Galato D, Brito P, Silva EN (2019) Health
conditions and occupational risks in a novel group: waste pickers in the largest open garbage dump in Latin America. BMC Pub Health
19: 581. https://doi.org/10.1186/s12889-019-6879-x

7. de Souza WM, Buss LF, Candido DDS et al. (2020) Epidemiological and clinical characteristics of the COVID-19 epidemic in Brazil.
Nature Hum Beha 4: 856–865. https://doi.org/10.1038/s41562-020-0928-4

�. Deutsche Welle (2020) Residuos de la pandemia se acumulan en México.

9. ECLAC (2020) COVID-19 Reports. Restrictions on the export of medical products hamper efforts to contain coronavirus disease (COVID-
19) in Latin America and the Caribbean.  Economic Commission for Latin America and the Caribbean (ECLAC). United Nations.
https://www.cepal.org/en/publications/45511-restrictions-export-medical-products-hamper-efforts-contain-coronavirus-disease
Accessed 9 October 2020

10. Fadare OO, Okoffo ED (2020) Covid-19 face masks: A potential source of microplastic �bers in the environment. Sci Total Environ 737:
140279. https://doi.org/10.1016/j.scitotenv.2020.140279

11. Ferronato N, Gorritty PMA, Guisbert LEG, Torretta V, Bezzi M, Ragazzi M (2018) The municipal solid waste management of La Paz
(Bolivia): Challenges and opportunities for a sustainable development. Waste Manag Res 36: 288–299.
https://doi.org/10.1177/0734242X18755893

12. Ferronato N, Torretta V (2019) Waste mismanagement in developing countries: A review of global issues. Int J Environ Res Pub Health
16: 1060. DOI: https://doi.org/10.3390/ijerph16061060

13. Gomes M, Caldas MPS (2020) Can the human coronavirus epidemic also spread through solid waste? Waste Manag Res 38: 485–486.
https://doi.org/10.1177/0734242X20918312

14. https://www.dw.com/es/residuos-de-la-pandemia-se-acumulan-enm%C3%A9xico/a-53490794. Accessed 11March 2021.

15. INFOBAE (2020) Gobierno alerta sobre venta de cubrebocas usados en los tianguis de la Ciudad de México.
https://www.infobae.com/america/mexico/2020/06/21/gobierno-descubre-venta-de-cubrebocas-usados-en-los-tianguis-de-la-ciudad-
de-mexico/ Accessed 15 October 2020.

1�. Kalina M, Tilley E (2020) This is our next problem: Cleaning up from the COVID-19 response. Waste Manag 108: 202–205.
https://doi.org/10.1016/j.wasman.2020.05.006

17. Klemes JJ, Fan YV, Tan RR, Jiang P (2020) Minimizing the present and future plastic waste, energy and environmental footprints related
to COVID-19. Ren Sust Ener Rev 127: 109883. https://doi.org/10.1016/j.rser.2020.109883

1�. LGPGIR (2014) Reglamento de la Ley General para la Prevención y Gestión Integral de los Residuos. Cámara de Diputados del
Honorable Congreso de la Unión.. https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/agenda/DOFsr/DO2007.pdf (accessed
11 October 2020).

19. Ministry of Environment and Natural Resources (2020) Cartilla de mejores prácticas para la prevención del COVID-19 en el manejo de los
residuos sólidos urbanos (RSU). Secretaría de Medio Ambiente y Recursos Naturales. Secretaría de Medio Ambiente y Recursos
Naturales. Secretaria de Salud. Gobierno de Mexico.
https://beta.slp.gob.mx/SEGAM/Documentos%20compartidos/COVID19/Cartilla_de_Mejores_Practicas_para_la_Prevencion_del_COVID-
19.pdf  Accessed 11 March 2021.

20. Moreno SD, Cardona MWD, Londoño AE, Bueno-Sánchez J (2020) The feasibility of generalized face mask usage during the COVID-19
pandemic: a perspective from Latin America. Inf Cont Hosp Epidem 2020: 1–2. https://doi.org/10.1017/ice.2020.227

21. Mugemana H (2020) Govt issues guidelines for disposal of face masks. The New Times | Rwanda.
https://www.newtimes.co.rw/news/govt-issues-guidelines-disposal-face-masks. Accessed 11 March 2021

https://doi.org/10.1016/j.marpolbul.2020.111517
https://www.acrplus.org/en/municipal-waste-management-covid-19
https://doi.org/10.1016/S2666-5247(20)30003-3
http://unep.org/SouthSudan/
https://doi.org/10.1186/s12889-019-6879-x
https://doi.org/10.1038/s41562-020-0928-4
https://www.cepal.org/en/publications/45511-restrictions-export-medical-products-hamper-efforts-contain-coronavirus-disease
https://doi.org/10.1016/j.scitotenv.2020.140279
https://doi.org/10.1177/0734242X18755893
https://doi.org/10.3390/ijerph16061060
https://doi.org/10.1177/0734242X20918312
https://www.dw.com/es/residuos-de-la-pandemia-se-acumulan-enm%C3%A9xico/a-53490794
https://www.infobae.com/america/mexico/2020/06/21/gobierno-descubre-venta-de-cubrebocas-usados-en-los-tianguis-de-la-ciudad-de-mexico/
https://doi.org/10.1016/j.wasman.2020.05.006
https://doi.org/10.1016/j.rser.2020.109883
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/agenda/DOFsr/DO2007.pdf
https://beta.slp.gob.mx/SEGAM/Documentos%20compartidos/COVID19/Cartilla_de_Mejores_Practicas_para_la_Prevencion_del_COVID-19.pdf
https://doi.org/10.1017/ice.2020.227
https://www.newtimes.co.rw/news/govt-issues-guidelines-disposal-face-masks


Page 8/9

22. Nzediegwu C, Chang SX (2020) Improper solid waste management increases potential for COVID-19 spread in developing countries.
Resour Conserv Recycl 104947 https://doi.org/10.1016/j.resconrec.2020.104947

23. PAHO (2020) COVID-19: Recommendations for the management of solid waste. https://www.paho.org/en/documents/covid-19-
recommendations-management-solid-waste-11-may-2020  Accessed 30 August 2020.

24. Reychler G, Aarab K, Van Ossel C, Gigi J, Simon A, Leal T, Lebecque P (2005) In vitro evaluation of e�cacy of 5 methods of disinfection
on mouthpieces and facemasks contaminated by strains of cystic �brosis patients. J Cystic Fib 4: 183-187.
https://doi.org/10.1016/j.scitotenv.2020.142471

25. Urban CR, Nakada KLY (2021) COVID-19 pandemic: Solid waste and environmental impacts in Brazil. Sci Total Environ 755: 142471
https://doi.org/10.1016/j.scitotenv.2020.142471

2�. WHO (2020a) Director-General’s opening remarks at the media brie�ng on COVID- 19 - 11 March 2020.
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-brie�ng-on-covid- 19- 11- march- 2020.
Accessed 10 August 2020.

27. WHO (2020b) WHO Coronavirus Disease (COVID-19) Dashboard.  https://covid19.who.int/ Accessed 16 February 2021.

2�. WHO (2020c) World Health Organization. Advice on the use of masks in the context of COVID-19. Interim guidance (6 April 2020).
https://apps.who.int/iris/bitstream/ handle/10665/331693/WHO- 2019-nCov- IPC _ Masks- 2020.3- eng.pdf?sequence= 1&isAllowed=y
Accessed 10 August 2020

29. Ziraba AK, Haregu TN, Mberu B (2016) A review and framework for understanding the potential impact of poor solid waste management
on health in developing countries. Arch Pub Health 2016: 74:55. https://doi.org/10.1186/s13690-016-0166-4

Figures

https://doi.org/10.1016/j.resconrec.2020.104947
https://www.paho.org/en/documents/covid-19-recommendations-management-solid-waste-11-may-2020
https://doi.org/10.1016/j.scitotenv.2020.142471
https://doi.org/10.1016/j.scitotenv.2020.142471
https://covid19.who.int/
https://covid19.who.int/


Page 9/9

Figure 1

Facemasks and gloves left on the streets of México.


