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The World Health Organization declared the novel coronavirus disease (COVID-19) a global pandemic on 11 

March 2020 (WHO 2020). Now two years into the pandemic, there have been more than 370 million confirmed 

cases, including 5.7 million deaths around the globe, making it the largest public health crisis in the past hundred 

years (WHO 2022). With the recent emergence and spread of new variants (DeSimone 2021; WHO 2021; Wang 

and Han 2022), global weekly new infections have surged to above 20 million cases since the beginning of 2022 

(WHO 2021b). The eradication of the novel coronavirus remains a distant goal in a near future. 

Therapeutic agents, most notably synthetic pharmaceuticals, play a pivotal role in managing the global public 

health crisis. Sales of prescription and over-the-counter drugs surged in Europe, Brazil, and North America since 

the onset of the pandemic (Smith and Elsayed 2020). The strong demand for pharmaceutical products persisted 

in regions experiencing re-emergent outbreaks with massive new infections. In India, pharmaceutical sales were 

boosted through the second quarter of 2021 as the 'second wave' of COVID-19 swept across the country, 

resulting in year-on-year growth of 134% in anti-infectives (Leo 2021). In the United States, sales of 

pharmaceutical drugs reported strong growth in 2020, with the largest increases recorded in antivirals (78.3%), 

hormones (16.7%), and diabetes (11.5%) compared with the previous year (Tichy et al. 2021). Pharmaceuticals 

used for treating mental disorders also experienced high demand. In December 2020, more than 42% of adults 

(n = 3,904) surveyed by the U.S. Census Bureau reported depression or anxiety (Abbott 2021), and 34.0%–

71.5% of healthcare workers in China reported mental disorders related to COVID-19 (Moses 2020). 

While concerns have been raised on the discharge of sanitary wastes containing antiviral drugs and metabolites, 

which are often inadequately treated at municipal wastewater treatment plants and pose threats to the receiving 

aquatic environments (Kumar et al., 2020; Kuroda et al., 2021), a wider and potentially more far-reaching issue 

has been overlooked. The enormous quantities of pharmaceuticals dispensed to or purchased by the general 

public that are left unused or expired throughout the COVID-19 pandemic may have created an unintended yet 

massive legacy of potent bioactive substances that are destined for the environment (Fig. 1). These include 

expired, unused (e.g., from recovered or deceased owners), and excess pharmaceuticals due to over-prescription, 

patient incompliance, panic buying, or stockpiling (i.e., hoarding). Without proper management and regulatory 

oversight, these may culminate an ecological disaster given their enormous quantities and prominent toxicities 

to aquatic and terrestrial biota. 
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Fig. 1 An enormous quantity of pharmaceuticals dispensed to or purchased by the general public are left unused 

or expired throughout the novel coronavirus (COVID-19) pandemic, creating a hidden and toxic environmental 

legacy that requires urgent regulatory oversight for safe disposal. 
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In an awakening paper, Daughton and Ternes described pharmaceuticals as 'agents of subtle change' (Daughton 

and Ternes 1999). Since then, numerous studies have reported their adverse effects and risks on environmental 

and public health. Pharmaceuticals constitute a notorious class of anthropogenic wastes with high toxicities and 

persistence in the environment if disposed of inappropriately (Aydın 2021; Manocha 2020; Nibamureke and 

Wagenaar 2021). At parts per trillion levels, those bioactive substances can elicit biological responses in aquatic 

or terrestrial biota (Nakada et al. 2006; Miège et al. 2009; Velpandian et al. 2018), bioaccumulate, and pose 

risks to humans through food and drinking water (Wee et al., 2020). Unwanted household pharmaceuticals, in 

particular, pose longstanding challenges to environmental regulators due to their low collection rates and 

improper disposal by owners (Law et al. 2015; Manocha 2020). An earlier survey of U.S. households revealed 

that about two-thirds of prescription drugs remained unused after being dispensed to patients (Law et al. 2015). 

As a result of not knowing how to properly dispose of unwanted drugs, close to one in three (29%) Americans 

would place their unused or expired medications in the trash, and about one in four (26%) flushed them down 

the drain (Stericycle 2020). Surveys in developing countries painted an even bleaker picture. A recent survey in 

India (n = 956) showed that the majority of the survey respondents threw their unused or expired medicines in 

the trash (73%) or flushed them down the drain (20%), and only 6% returned their unused medicines to local 

pharmacies (Manocha 2020). Similar findings were reported in China where both awareness and collection 

programs are lacking for managing unwanted pharmaceuticals in households (Anonymous 2022). 

A significant portion of pharmaceuticals thrown into household trash ends up in municipal solid waste landfills. 

A recent report by the U.S. Environmental Protection Agency stated that more than 50% of municipal solid 

wastes were landfilled across the country (EPA 2021a). Under the selected pressure exerted by pharmaceuticals, 

landfills provide favorable environments for the growth of antimicrobial resistance in microbes, which can 

transmit antibiotic-resistant genes to other pathogens that eventually reach their surrounding outer environments 

through leachates or bioaerosols (Anand et al. 2021). Leakages from landfills or inappropriate management of 

leachates are known to cause pollution in adjacent groundwater (US GAO 2019; Yu et al. 2020). Active 

pharmaceutical ingredients have been detected at elevated or alarming levels in groundwater near municipal 

landfill sites (Velpandian et al., 2018). Meanwhile, pharmaceuticals flushed into sewers often show persistence 

to biological treatment processes at wastewater treatment plants, where removal efficiencies vary wildly for 

pharmaceutical compounds (Kuroda et al. 2021; Nakada et al. 2006; Miège et al. 2009). Reported removal rates 

for COVID-19 drugs ranged from less than 6% to 47–92% for antivirals and antibiotics approved for treating 

COVID-19 and bacterial co-infections (Kuroda et al. 2021). Much of the pharmaceutical compounds and 

transformational products are accumulated in the sludge (Tarazona et al. 2021), which can re-enter the 

environment via the application of biosolids on agricultural soils, a widespread practice in EU member states 

and OECD countries (ECHA 2019; OECD 2022).  
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In light of their adverse effects and risks, regulatory bodies have taken actions to mitigate the inappropriate 

disposal of unwanted pharmaceuticals in households. While those efforts received overall positive responses, 

they achieved varying degrees of success in the past and now, under the impact of COVID-19, have either been 

hindered or come to a stall (DEA 2020). Furthermore, these programs are only available in countries and regions 

with stringent environmental regulations. Prior to COVID-19, Sweden was the only member state in the EU 

requiring that, by law, all unused drugs must be returned to local pharmacies (Meddisposal 2021; SMPA 2019). 

In most countries, there is no such mandate in place, and participation in these programs requires voluntary 

efforts (DHTGA 2019; EPA 2021b). Like other waste recycling programs (Zand and Heir 2021; U Michigan 

2020), lockdowns, reduced trips, and the perceived risk of infection at public facilities during COVID-19 could 

severely hinder the will and actions of the public to return their unwanted pharmaceuticals to collection points. 

The National Prescription Take Back Day, the largest collection event for expired and unwanted prescription 

drugs in the U.S. that is held twice a year, was canceled on 25 April 2020 due to the ongoing COVID-19 

pandemic (DEA 2020). While the event was resumed in October 2020 and 2021, the number of collection sites 

were among the lowest compared with those in the past five years, and the total weight of drugs (ca. 372 tons) 

collected in the most recent event was the lowest since April 2016 (DEA 2022). 

While recent discussions focused on the mounting wastes of single-use plastics (e.g., face masks) discarded into 

the environment during COVID-19, a less visible and perhaps more toxic environmental legacy is the enormous 

amounts of excess and unwanted pharmaceuticals that are left with individual owners in common households. 

US House Committee reported that prescription drug spending exceeded US$500 billion a year and was growing 

three times faster than inflation rates even prior to the current pandemic (Kovner 2020). Around the globe, an 

estimated total of US$1,270 billion were spent on pharmaceuticals in 2020 (Mikulic 2021). With the active 

community transmission of COVID-19 and strict infection prevention and control measures in place, it will not 

be surprising to find that the old 'throw-in-the-trash' and 'flushing-down-the-drain' methods gained favor again 

in common households in the current pandemic. We call for regulators to promote the awareness of the public 

to keep or dispose of their unwanted pharmaceuticals in a safe manner and, where resource permitting, initiate 

or reinstate drug take-back programs in communities (e.g., at vaccination sites). As an emergency response, 

pharmaceutical companies and public health authorities can provide households with paid mail-back envelopes 

to collect non-liquid pharmaceutical products for centralized treatment or safe disposal (e.g., incineration with 

medical wastes). Meanwhile, we urge individuals not to throw their expired or unwanted pharmaceuticals into 

the household trash or flush them into the toilet, and when necessary to do so, do these in a safe manner by 

following the instructions to reduce their harm and impact on the environment (FDA 2018, 2020). 

Acknowledgement. This work is supported by the Young Talent Support Plan of Xi'an Jiaotong University. 

Conflict of Interest. The authors declare no conflict of interest in this work. 

  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4032172

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



5 
 

References 

Abbott A (2021) COVID’s mental-health toll: how scientists are tracking a surge in depression. Nature 

590:194–195. https://doi.org/10.1038/d41586-021-00175-z 

Anand U, Reddy B, Singh VK, Singh AK, Kesari KK, Tripathi P, Kumar P, Tripathi V, Simal-Gandara J 

(2021) Potential Environmental and Human Health Risks Caused by Antibiotic-Resistant Bacteria (ARB), 

Antibiotic Resistance Genes (ARGs) and Emerging Contaminants (ECs) from Municipal Solid Waste (MSW) 

Landfill. Antibiotics 10(4) 374. https://doi.org/10.3390/antibiotics10040374 

Anonymous (2015) Expired Drug Recycling. http://opinion.china.com.cn/event_3893_1.html Accessed 1 Feb 

2022 

Aydın S, Bedük F, Ulvi A, Aydın ME (2021) Simple and effective removal of psychiatric pharmaceuticals 

from wastewater treatment plant effluents by magnetite red mud nanoparticles. Sci Total. Environ 

784:147174. https://doi.org/10.1016/j.scitotenv.2021.147174 

Daughton CG, Ternes TA (1999) Pharmaceuticals and personal care products in the environment: agents of 

subtle change? Environ Health Perspect 107(6):907–38. https://doi.org/10.1289/ehp.99107s6907 

Department of Health Therapeutic Goods Administration (DHTGA) (2019) Safe disposal of unwanted 

medicines. https://www.tga.gov.au/safe-disposal-unwanted-medicines Accessed 1 Feb 2022 

DeSimone DC (2021) What's the concern about the new COVID-19 variants? Are they more contagious? 

https://www.mayoclinic.org/diseases-conditions/coronavirus/expert-answers/covid-variant/faq-20505779 

Accessed 1 Feb 2022 

Drug Enforcement Administration (DEA) (2020) https://www.dea.gov/press-releases/2020/03/27/national-

prescription-drug-take-back-day-postponed Accessed 1 Feb 2022 

Drug Enforcement Administration (DEA) (2022) National Take Back Day Results. 

https://takebackday.dea.gov Accessed 1 Feb 2022 

European Chemicals Agency (ECHA) (2019) Table 10 in Annex XV Restriction Report: Proposal for a 

restriction; Substance name: intentionally added microplastics (ver. 1.2), pp 44. 

https://echa.europa.eu/documents/10162/05bd96e3-b969-0a7c-c6d0-441182893720 Accessed 1 Feb 2022 

Environmental Protection Agency (EPA) (2021a) National Overview: Facts and Figures on Materials, Wastes 

and Recycling. https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-

overview-facts-and-figures-materials Accessed 1 Feb 2022 

Environmental Protection Agency (EPA) (2021b) Collecting and Disposing of Unwanted Medicines. 

https://www.epa.gov/hwgenerators/collecting-and-disposing-unwanted-medicines Accessed 1 Feb 2022 

Food & Drug Administration (FDA) (2018) Dispose "Non-Flush List" Medicine in Trash 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4032172

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed

https://doi.org/10.1038/d41586-021-00175-z
https://doi.org/10.3390/antibiotics10040374
https://doi.org/10.1016/j.scitotenv.2021.147174
https://doi.org/10.1289/ehp.99107s6907
https://www.tga.gov.au/safe-disposal-unwanted-medicines
https://www.mayoclinic.org/diseases-conditions/coronavirus/expert-answers/covid-variant/faq-20505779
https://www.dea.gov/press-releases/2020/03/27/national-prescription-drug-take-back-day-postponed
https://www.dea.gov/press-releases/2020/03/27/national-prescription-drug-take-back-day-postponed
https://takebackday.dea.gov./
https://echa.europa.eu/documents/10162/05bd96e3-b969-0a7c-c6d0-441182893720
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overview-facts-and-figures-materials
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overview-facts-and-figures-materials
https://www.epa.gov/hwgenerators/collecting-and-disposing-unwanted-medicines


6 
 

https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-dispose-non-

flush-list-medicine-trash Accessed 1 Feb 2022 

Food & Drug Administration (FDA) (2020) FDA’s Flush List for Certain Medicines. 

https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-fdas-flush-list-

certain-medicines#1/ Accessed 1 Feb 2022 

Kovner G (2020). US prescription drug spending tops $500 billion a year, looms over 2020 elections. 

https://huffman.house.gov/media-center/in-the-news/us-prescription-drug-spending-tops-500-billion-a-year-

looms-over-2020-elections Accessed 1 Feb 2022 

Kragholm K, Torp-Pedersen C, Fosbol E (2021) Non-steroidal anti-inflammatory drug use in COVID-19. The 

Lancet Rheumatology 3(7):465–466. https://doi.org/10.1016/S2665-9913(21)00144-2 

Kumar M, Kuroda K, Dhangar K, Mazumder P, Sonne C, Rinklebe J, Kitajima M (2020) Potential Emergence 

of Antiviral-Resistant Pandemic Viruses via Environmental Drug Exposure of Animal Reservoirs. Environ Sci 

Technol 54:8503−8505. https://dx.doi.org/10.1021/acs.est.0c03105 

Kuroda K, Li C, Dhangar K, Kumar M (2021) Predicted occurrence, ecotoxicological risk and 

environmentally acquired resistance of antiviral drugs associated with COVID-19 in environmental waters. 

Sci Total. Environ 776:145740. https://doi.org/10.1016/j.scitotenv.2021.145740  

Law AV, Sakharkar P, Zargarzadeh A, Tai BWB, Hess K, Micah Hata, Mireles R, Ha C, Park TJ (2015) Taking 

stock of medication wastage: Unused medications in US households. Res Soc Adm Pharm 11(4):571–578. 

https://doi.org/10.1016/j.sapharm.2014.10.003  

Leo L (2021) April drug sales up on low base effect, Covid-19 drug demand. 

https://www.hindustantimes.com/business/april-drug-sales-up-on-low-base-effect-covid-19-drug-demand-

101620434819818.html/ Accessed 1 Feb 2022 

Lin AY, Yu T, Lateef SK (2009) Removal of pharmaceuticals in secondary wastewater treatment processes in 

Taiwan. J Hazard Mater 167(1-3):1163–1169. https://doi.org/10.1016/j.jhazmat.2009.01.108  

Manocha S, Suranagi UD, Sah RK, Chandane RD, Kulhare S, Goyal N, Tanwar K (2020) Current Disposal 

Practices of Unused and Expired Medicines Among General Public in Delhi and National Capital Region, 

India. Current Drug Safety 15(1):13–19. https://doi.org/10.2174/1574886314666191008095344 

Meddisposal (2021) Disposal of medicines in Europe. http://medsdisposal.eu/#sweden Accessed 1 Feb 2022. 

Mekonnen B, Solomon N, Wondimu W (2021) Healthcare Waste Status and Handling Practices during 

COVID-19 Pandemic in Tepi General Hospital, Ethiopia. J Environ Public Health. 2021: 6614565. 

https://doi.org/10.1155/2021/6614565 

Miège C, Choubert JM, Ribeiro L, Eusèbe M, Coquery M (2009) Fate of pharmaceuticals and personal care 

products in wastewater treatment plants - conception of a database and first results. Environ Pollut 157:1721–

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4032172

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed

https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-dispose-non-flush-list-medicine-trashA
https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-dispose-non-flush-list-medicine-trashA
https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-fdas-flush-list-certain-medicines#1/
https://www.fda.gov/drugs/disposal-unused-medicines-what-you-should-know/drug-disposal-fdas-flush-list-certain-medicines#1/
https://huffman.house.gov/media-center/in-the-news/us-prescription-drug-spending-tops-500-billion-a-year-looms-over-2020-elections
https://huffman.house.gov/media-center/in-the-news/us-prescription-drug-spending-tops-500-billion-a-year-looms-over-2020-elections
https://doi.org/10.1016/S2665-9913(21)00144-2
https://dx.doi.org/10.1021/acs.est.0c03105
https://doi.org/10.1016/j.scitotenv.2021.145740
https://doi.org/10.1016/j.sapharm.2014.10.003
https://www.hindustantimes.com/business/april-drug-sales-up-on-low-base-effect-covid-19-drug-demand-101620434819818.html/
https://www.hindustantimes.com/business/april-drug-sales-up-on-low-base-effect-covid-19-drug-demand-101620434819818.html/
https://doi.org/10.1016/j.jhazmat.2009.01.108
https://doi.org/10.2174/1574886314666191008095344
http://medsdisposal.eu/#sweden
https://doi.org/10.1155/2021/6614565


7 
 

1726. https://doi.org/10.1016/j.envpol.2008.11.045 

Mikulic M (2021) Global pharmaceutical industry - statistics & facts. Global pharmaceutical industry - 

statistics & facts https://www.statista.com/topics/1764/global-pharmaceutical-industry/ Accessed 1 Feb 2022 

Moses S (2020) A pandemic within a pandemic: The importance of mental healthcare for our healthcare 

workers. https://www.iqvia.com/blogs/2020/11/a-pandemic-within-a-pandemic Accessed 1 Feb 2022 

Nakada N, Tanishima T, Shinohara H, Kiri K, Takada H (2006) Pharmaceutical chemicals and endocrine 

disrupters in municipal wastewater in Tokyo and their removal during activated sludge treatment. Water Res 

40(17):3297–3303. https://doi.org/10.1016/j.watres.2006.06.039 

Nibamureke UMC, Wagenaar GM (2021) Histopathological changes in Oreochromis mossambicus (Peters, 

1852) ovaries after a chronic exposure to a mixture of the HIV drug nevirapine and the antibiotics 

sulfamethoxazole and trimethoprim. Chemosphere 274:129900. 

https://doi.org/10.1016/j.chemosphere.2021.129900 

Organisation for Economic Co-operation and Development (OECD) (2021) Management of pharmaceutical 

household waste: Guidance for efficient management of unused or expired medicine. 

https://healthsteward.ca/wp-content/uploads/2021/08/ENV-EPOC-WPRPW2020_Management-of-

Pharmaceutical-Household-Waste.pdf Accessed 1 Feb 2022 

Romano S, Galante H, Figueira D, Mendes Z, Rodrigues AT (2021) Time-trend analysis of medicine sales 

and shortages during COVID-19 outbreak: Data from community pharmacies. Res Social Adm Pharm 

17(1):1876–1881. https://doi.org/10.1016/j.sapharm.2020.05.024 

Smith C, Elsayed M (2020) The Impact of the COVID-19 Pandemic on Global Pharmaceutical Growth. 

https://www.iqvia.com/-/media/iqvia/pdfs/library/publications/the-impact-of-the-covid-19-pandemic-on-

global-pharmaceutical-growth.pdf?_=1617106659894 Accessed 1 Feb 2022 

Stericycle (2020) Curbing the Opioid Epidemic through Proper Drug Disposal. 

https://www.stericycle.com/en-us/resource-center/blog/curbing-the-opioid-epidemic-through-proper-drug-di. 

Accessed 1 Feb 2022 

Swedish Medical Products Agency (SMPA) (2019) Sopsortera läkemedel och förpackningar. 

https://fragor.lakemedelsverket.se/org/lakemedelsverket/d/sopsortera-lakemedel-och-forpackningar Accessed 

1 Feb 2022 

Tarazona JV, Martínez M, Martínez MA, Anadón A (2021) Environmental impact assessment of COVID-19 

therapeutic solutions. A prospective analysis. Sci Total Environ 778:146257. 

https://doi.org/10.1016/j.scitotenv.2021.146257 

Tichy EM, Hoffman JM, Suda KJ, Rim MH, Tadrous M, Cuellar S, Clark JS, Wiest MD, Matusiak LM, 

Schumock GT (2021) National trends in prescription drug expenditures and projections for 2021. Am J 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4032172

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed

https://doi.org/10.1016/j.envpol.2008.11.045
https://www.statista.com/topics/1764/global-pharmaceutical-industry/
https://www.iqvia.com/blogs/2020/11/a-pandemic-within-a-pandemic
https://doi.org/10.1016/j.watres.2006.06.039
https://doi.org/10.1016/j.chemosphere.2021.129900
https://healthsteward.ca/wp-content/uploads/2021/08/ENV-EPOC-WPRPW2020_Management-of-Pharmaceutical-Household-Waste.pdf
https://healthsteward.ca/wp-content/uploads/2021/08/ENV-EPOC-WPRPW2020_Management-of-Pharmaceutical-Household-Waste.pdf
https://doi.org/10.1016/j.sapharm.2020.05.024
https://www.iqvia.com/-/media/iqvia/pdfs/library/publications/the-impact-of-the-covid-19-pandemic-on-global-pharmaceutical-growth.pdf?_=1617106659894
https://www.iqvia.com/-/media/iqvia/pdfs/library/publications/the-impact-of-the-covid-19-pandemic-on-global-pharmaceutical-growth.pdf?_=1617106659894
https://www.stericycle.com/en-us/resource-center/blog/curbing-the-opioid-epidemic-through-proper-drug-di
https://fragor.lakemedelsverket.se/org/lakemedelsverket/d/sopsortera-lakemedel-och-forpackningar/
https://doi.org/10.1016/j.scitotenv.2021.146257


8 
 

Health-Syst Ph 78(14,15):1294-1308. https://doi.org/10.1093/ajhp/zxab160 

United States Government Accountability Office (US GAO) (2019) Prescription Opioids: Patient Options for 

Safe and Effective Disposal of Unused Opioids. https://www.gao.gov/assets/gao-19-650.pdf Accessed 1 Feb 

2022 

University of Michigan (2020) COVID-19 Has Laid Waste to Many US Recycling Programs. 

https://scitechdaily.com/covid-19-has-laid-waste-to-many-us-recycling-programs/ Accessed 1 Feb 2022 

Urquhart L (2021) Top companies and drugs by sales in 2020. Nat Rev Drug Discov 20:253. 

https://doi.org/10.1038/d41573-021-00050-6 

Velpandian T, Halder N, Nath M, Das U, Moksha L, Gowtham L, Batta SP (2018) Un-segregated waste 

disposal: an alarming threat of antimicrobials in surface and ground water sources in Delhi. Environ Sci Pollut 

R 25:29518–29528. https://doi.org/10.1007/s11356-018-2927-9  

Wang CQ, Han J (2022) Will the COVID-19 pandemic end with the Delta and Omicron variants? Environ 

Chem Lett. https://doi.org/10.1007/s10311-021-01369-7 

Wee SY, Haron DEM, Aris AZ, Yusoff FM, Praveena SM (2020) Active pharmaceutical ingredients in 

Malaysian drinking water: consumption, exposure, and human health risk. Environ Geochem Hlth 42:3247–

3261. https://doi.org/10.1007/s10653-020-00565-8 

WHO (2020) WHO Director-General's opening remarks at the media briefing on COVID-19 

https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-

briefing-on-covid-19---11-march-2020 Accessed 1 Feb 2022 

WHO (2022) Tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-

variants/ Accessed 1 Feb 2022 

WHO (2022) Coronavirus (COVID-19) Dashboard. https://covid19.who.int Accessed 1 Feb 2022 

Yu X, Sui Q, Lyu S, Zhao W, Liu J, Cai Z, Yu G, Barcelo D (2020) Municipal solid waste landfills: An 

underestimated source of PPCPs in the water environment. Environ Sci & Technol 54:9757–9768. 

https://doi.org/10.1021/acs.est.0c00565 

Zand AD, Heir AV (2021) Emanating challenges in urban and healthcare waste management in Isfahan, Iran 

after the outbreak of COVID-19. Environ Technol 42(2):329–336. 

https://doi.org/10.1080/09593330.2020.1866082 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4032172

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed

https://doi.org/10.1093/ajhp/zxab160
https://www.gao.gov/assets/gao-19-650.pdf
https://scitechdaily.com/covid-19-has-laid-waste-to-many-us-recycling-programs/
https://doi.org/10.1038/d41573-021-00050-6
https://doi.org/10.1007/s11356-018-2927-9
https://doi.org/10.1007/s10311-021-01369-7
https://doi.org/10.1007/s10653-020-00565-8
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://covid19.who.int/
https://doi.org/10.1021/acs.est.0c00565
https://doi.org/10.1080/09593330.2020.1866082

