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INTRODUCTION

Enabling innovative, collective action to provide timely, meaningful 
solutions to critical humanitarian challenges, the COVIDActionCollab 
(CAC) championed a unique model of collaboration called Impact 
Canvas (IC). The Collaborative was incubated by the Catalyst Group 
of Institutions which prioritizes the most vulnerable and has been 
active for over 25 years now. The Impact Canvas model brings 
together multi-sectoral, impact-focused partners, who can rally 
around one ultimate outcome to provide effective, meaningful 
solutions that mitigate the effects of the pandemic and achieve scale, 
impact, and sustainability in a collective fashion. 

Amongst other miscreants, PPE-related plastics wreaked havoc in our 
under prepared ecosystems. The Pandemic Plastic impact canvas is 
engaging a diverse range of stakeholders - hospitals, medical centers, 
testing facilities, public utility areas, clinical experts, bio-waste 
aggregators, academia, design thinkers, etc. –  to (a) comprehensively 
understand the problem using Socrates’ “Solution Circle” approach, 
and (b) create sustainable solutions that work at scale and have buy-in 
from all key stakeholders.

The Catalyst Group facilitated 3 rounds of Solution Circles with 
industry experts from the field of plastics, research, policy, medicine, 
design and bio-waste to to comprehensively discuss and understand 
the PPE waste crisis at various stages of its lifecycle. These 
discussions focused on a) general problem gauging b) broad problem 
classification, and c) specific problem fixing. 

After a series of conversations with these experts, three overarching 
problem statements were identified for devising a long term 
solution  - a) Cross-sectoral overuse and wasteful use of PPE, b) 
Exposure dangers for PPE waste handlers, and c) Safe disposal of PPE 
Thereafter, Vihara Innovation Network conducted a rapid evidence 
review to validate the problem statements and vet the PPE lifecycle. 
The key findings from this evidence review have been outlined in this 
report. 



55 |     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       |     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       Pandemic Plastics

The plastic menace has been here for decades with catastrophic 
threats to us and the larger environment. 13 million tons of total 
plastic is dumped into the oceans every year (source: UN).

Prior to the ongoing pandemic, the world had waged a steady 
war against single use plastics with various regulatory methods 
like banning certain types of polythene bags monitoring, and 
disincentivizing plastic consumption. While alternatives to plastic had 
been gathering steam, one of the most contagious viruses of our time 
hit us square in the jaw and the challenge grew stronger 
than ever.
 
To protect ourselves from the infection,  masks, gloves, face shields, 
PPE (personal protective equipment) kits were being extensively used 
everyday. Masks and gloves were being replaced twice or even thrice 
a week. As a result, the ongoing COVID-19 pandemic aggravated the 
use of single-use plastics worldwide and led to yet another pandemic 
in our landfills and waterways. 

The average mask (surgical/ 95 /disposable) consists of layers of a 
melt blown polymer: polypropylene (PP) and non-woven fabrics which 
are arranged in layers to stop microbes from entering our system. 
The average medical gloves contain different polymers including 
latex, nitrile rubber, polyvinyl chloride (PVC) and neoprene. Given 
the overall composition of different single-use PPE components, 
they would take years to degrade and harm the environment in the 
process. According to the World Health Organization, every month 
the world needs 89 million plastic medical masks and 1.6 million 
protective goggles, and may take even 500 years to degrade in 
the ocean. 

BACKGROUND

So far the use, disposal, collection and recycling of used PPE are 
unregulated and informal, but the disposal rate is increasing, 
compounding the problem. In India, a total of about 101 MT per day 
of COVID-19 related biomedical waste is being generated which is 
in addition to normal biomedical waste generation of about 609 MT 
per day. In the last seven months, the country has generated around 
33,000 tonnes of COVID-19 biomedical waste, with Maharashtra 
contributing the maximum (3,587 tonnes) to it. 

Short term response may provide band-aid relief but it is essential to 
find long term solutions to properly mitigate the problem. Therefore, 
COVIDActionCollab has designed this impact canvas to find a long 
term solution for safe PPE disposal as well as add value to PPE at each 
stage of its life cycle, through collective thinking.
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KEY CHALLENGES

Three problem statements identified as a result of Solution Circles 
with industry experts were — a) Cross-sectoral overuse and wasteful 
use of PPE, b) Exposure dangers for PPE waste handlers, and c) Safe 
disposal of PPE. 
 

01 CROSS-SECTORAL OVERUSE AND WASTEFUL USE OF PPE

The first problem statement focused on the inappropriate use i.e. 
overuse/wasteful use of PPE by individuals irrespective of their field 
of work. Here, two main problems emerged - a) shortage of PPE, 
and b) inappropriate use of PPE. In the beginning of the outbreak 
of COVID-19, the cascading country-wide lockdowns limited PPE 
production due to disrupted supply chains and led to an insufficient 
global stockpile of PPE. Several compounding factors contributed to 
the inappropriate use of PPE such sudden increase in PPE demand; 
misuse by using a different or higher level of PPE than is required; 
rumour, confusion, misinformation or lack of information around PPE; 
and panic buying and improper use/stockpiling PPE by common 
people in fear of contracting COVID-19. These factors escalated the 
problem of PPE shortage further and put healthcare professionals 
at risk. Despite relaxations in lockdown, wasteful use of PPE still 
continues, primarily due to misinformation or lack of awareness 
around appropriate PPE usage.

02 EXPOSURE DANGERS FOR PPE WASTE HANDLERS
 
The second problem statement focused on exposure dangers for 
people who handle PPE waste, particularly informal workers, who 
might face the dangers of reinfection via secondary handling. The 
systemic inefficiencies and inadequacies put sanitation workers, 

especially informal workers, at an extremely high risk to injuries and 
exposure to pollution and infections/diseases through contaminated 
objects, as they pick biomedical waste from landfills or waste disposal 
sites as well as during waste sorting and treatment processes without 
the right procedures or protective gears. Medical experts and waste 
management specialists suggest that the key source of risk is the 
unsegregated or unmarked medical waste generated from households 
with quarantined COVID-19 patients, where people throw away PPE 
components into the general household bins. 

03 SAFE DISPOSAL OF PPE

The third problem statement focused on safe disposal (including 
incineration) of PPE and consequent environmental & social problems 
that follow. One of the key challenges that the waste management 
sector faces is the problem of unsegregated waste, especially by 
waste generators in non-healthcare establishments. Experts say lack 
of awareness and accountability on waste segregation, and weak 
waste management system is the main issue. This inadequate disposal 
of waste leads to heaps of waste piles which become contagious 
hotspots for COVID-19 and other diseases, contaminate soil and 
groundwater due to slurry formation, may cause urban waterproofing 
and aggravate the problem of floods in cities through the clogging 
of manholes, PPE end up in water bodies and cause grave harm to 
the marine environment, and even lead to unethical use of PPE for 
monetary gains by selling used PPE without proper reprocessing.
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In the beginning of the outbreak of COVID-19, there was a surging 
global demand for PPE which was difficult to meet due to the 
cascading country-wide lockdowns around the world. Two main 
problems emerged - a) shortage of PPE, and b) inappropriate use of 
PPE. Disrupted supply chains caused by the lockdown, limited PPE 
production which in turn  led to an insufficient global stockpile of 
PPE for healthcare workers. An online survey conducted by a team 
of independent public health researchers highlights the inadequate 
supply of PPE in India (Devi et al., 2020). Several instances also 
surfaced where healthcare workers were compelled to reuse masks, 
gloves, and gowns without proper reprocessing, and resorted to 
making their own protective medical gear. 

In addition to disrupted supply chains, there were other compounding 
factors that contributed to inappropriate use of PPE leading to further 
shortage, making healthcare workers more vulnerable, such as:

• Sudden increase in demand due to increasing COVID-19 
cases

• Misuse by using a different or higher level of PPE than is 
required

• Rumour, confusion, misinformation or lack of information 
around type of PPE to be used based on exposure, quantity, 
duration (overuse leading to misuse), etc. The online survey 
conducted with healthcare workers in India noted lack of 
training and awareness on PPE use, where 90% respondents 
reported to be unaware of which PPE to be worn in their 
particular setting, 50% reported not undergone any training 
on proper use protocols, and 20% respondents reported 
to have learnt PPE use through videos on YouTube and 
WhatsApp or with help from their colleagues.

• Panic buying

Inappropriate use i.e. overuse/wasteful use of PPE 
by individuals irrespective of their field of work.

• Improper use/stockpiling PPE by common people in fear of 
contracting COVID-19

As lockdowns were relaxed and supply chains resumed, the increasing 
demand for PPE was met. However, overuse/wasteful use of PPE 
continues primarily due to misinformation or lack of awareness around 
appropriate PPE usage, especially for domestic usage by common 
people. This may be due to negligible/improper dissemination of 
government guidelines around PPE usage for domestic purposes.

RATIONAL USE OF PPE

The World Health Organization (WHO) published a guideline for the 
rational use of PPE for COVID-19 in healthcare and home-care settings 
during severe shortages (WHO, 2020). Strategies to optimize the 
availability of PPE include: 

• Minimizing PPE need
• Using PPE appropriately
• Coordinating PPE supply chain
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WHO recommendations for barrier precautions of healthcare 
workers, based on type of exposure: 

The guideline also suggests that decisions around PPE usage should 
be based on the setting, target audience, risk of exposure (e.g. type 
of activity) and the transmission dynamics of the pathogen (e.g. 
contact, droplet, or aerosol), since overuse or misuse of PPE impacts 
supply shortages to a great extent.

Recommendations for barrier protection of healthcare workers based 
on potential mode of viral transmission (Cook, 2020): 

WHO RECOMMENDATIONS

S. No. Type of Exposure Advised PPE Equipment

1. Close contact (<1 m) with 
potential API-infected 
patient within or outside of 
the isolation room or area

Gloves, gown, N95 mask 
(or equivalent particulate 
respirator), eye protection

2. Cleaning Gloves, either gown of 
apron

3. Patient transport within 
healthcare facilities

Gown, gloves

4. Specimen transport and 
processing

Not defined except to use 
‘safe handling practices’, 
interpreted as use of 
gloves (minimum) and 
gown if opening specimen 
bag

S. No. Mode of Viral 
Transmission Advised PPE Equipment

1. Contact Gloves, apron

2. Droplet Gloves, Apron, Fluid 
resistant surgical mask, +/- 
Eye protection - Goggles 
or visor (risk assess)

3. Airborne Gloves, Fluid repellent 
long sleeved gown, Eye 
protection, FFP3 mask
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Informal workers such as scavengers/rag pickers, waste collectors and 
other unregulated waste operators are an integral part of the Indian 
waste management sector as they help achieve very high collection 
rates, thereby increasing the ecosystem’s efficiency. The informal 
recycling industry and the waste management sector at large is a 
major source of livelihood for them. 

However, the systemic inefficiencies and inadequacies put sanitation 
workers at an extremely high risk as they pick biomedical waste from 
landfills or waste disposal sites as well as during waste sorting and 
treatment processes without the right procedures or protective gears. 
Healthcare workers may be aware of the necessary precautions to be 
taken, however, sanitation workers aren’t aware which makes them all 
the more vulnerable. There are several risks associated with handling 
biomedical waste that sanitation workers are prone to, such as:

Exposure

• Exposure to contaminated surfaces leading to contraction of 
COVID-19

• Exposure to toxic pharmaceutical drugs such as substances 
with mercury components or dioxins, cytotoxic drugs and 
antibodies

• Air pollution arising from incineration 
• Handling or incineration of medical waste from disinfection, 

sterilization or treatment activities  

Injury

• Injuries from sharp edges of broken materials and 
hypodermic needles not disposed of properly

• Injuries from sharps contaminated with human blood could 

Exposure dangers for people who handle PPE waste, particularly informal 
workers, who might face the dangers of reinfection via secondary handling

lead to transmission of diseases such as typhoid, cholera, and 
hepatitis 

• Punctures, cuts, lacerations, and abrasions using specialized 
knives and other tools to sort trash

• Thermal injuries from open burning 

Occupational risk for sanitation workers may not only impact their 
health but may have other consequential challenges. Infected workers 
would be compromised to care for a family member dependant on 
them or care for their children’s needs. They may also find themselves 
with insufficient PTO time or paid medical leave, compelling them to 
continue reporting for work in order to keep their jobs and livelihood, 
and thus increasing other’s risk. Continued risk exposure may lead to 
an increase in ill sanitation workers leading to limited manpower which 
in turn may altogether disrupt the waste management system. Limited 
manpower may lead to additional burden borne by remaining workers 
to make up for lost productivity from a decreased workforce and 
eventually lead to fatigue and burn-out, further disrupting the waste 
management system. 
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“Face masks used by the general public could be a source of infection for sanitation 
workers as well as the environment if not discarded properly,” said Renu Bharadwaj, 
former dean and head of the microbiology department at the Byramjee Jeejeebhoy 
Government Medical College in Pune. “These could be points in hotspots for the 
viruses to multiply because they have microorganisms sitting on them. We need to 
decontaminate the waste with sanitisers before throwing them or put them in paper 
bags. The ideal solution is to use reusable cloth masks that can be washed and reused.”

“Sanitation workers are highly at risk, like the medical professionals, police and 
community health workers who deal with COVID-19 patients,” said Shaileshkumar 
Darokar, faculty member at the Centre for Study of Social Exclusion and Inclusive Policies 
at the Tata Institute of Social Sciences in Mumbai. “Doctors, nurses and other health 
workers know about the precautions to be taken but sanitation workers do not and that 
makes them vulnerable.”

“It is very critical to manage this waste related to COVID-19, be it mask, gloves, the 
hazmat suit,” said Satish Sinha, associate director at Toxics Link, an NGO that works on 
municipal, hazardous and medical waste management and food safety. This waste could 
infect rag pickers, children or the poor living on the streets, he added.
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The current guidance from the CDC and U.S. Occupational Safety 
and Health Administration (OSHA) says no additional precautions 
are needed for handling solid waste that might be infected beyond 
normal PPE used for medical waste. However, certain common steps 
that collectors/recyclers can take for their safety have been outlined 
by CDC which are as follows:

WHAT TO DO WHEN YOU EXPERIENCE SYMPTOMS

• Notify your supervisor and stay home if having symptoms.
• Follow CDC-recommended steps if you are sick. You should 

not return to work until the criteria to discontinue home 
isolation are met, in consultation with healthcare providers 
and state and local health departments.

• Follow CDC recommended precautions and notify your 
supervisor if you are well but have a sick family member at 
home with COVID-19.

HOW TO KEEP YOUR HOME AND WORKPLACE SAFE

• Practice routine cleaning and disinfection of frequently 
touched surfaces, such as steering wheels, door handles, 
levers, and control panels. Key times for cleaning include:

 º At the beginning and end of every shift
 º After anyone else uses your vehicle or workstation
 º Wear your normal personal protective equipment 

(PPE) as you go about your day. This may include 
work gloves, eye protection (such as safety glasses), 
and a work uniform or coveralls.

 º Use the Environmental Protection Agency (EPA) 
registered disinfectant external icon to clean eye 

STRATEGIES TO PROTECT 
PPE WASTE COLLECTORS

protection at the beginning and end of your shift.
 º Replace work gloves when they become damaged.

• Wash your hands regularly with soap and water for at least 20 
seconds or use an alcohol-based hand sanitizer containing at 
least 60% alcohol. Key times to clean hands include:

 º Before and after work shifts and work breaks
 º After blowing your nose, coughing, or sneezing
 º After using the restroom
 º Before eating or preparing food
 º Before putting on, touching, or removing cloth face 

coverings
• Avoid contact with body fluids, if possible. Use gloves if you 

have to touch surfaces contaminated by body fluids.
• Stay up to date on your company’s current policies on 

COVID-19. Follow the social distancing guidance provided 
by your employer.
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HOW TO PREVENT INFECTION DURING PUBLIC ACTIVITIES

• Limit close contact with others by maintaining a distance of at least 6 feet when possible.
• CDC recommends wearing cloth face coverings in public settings where other social distancing measures are difficult to maintain, 

especially in areas of significant community-based transmission. These face coverings are not surgical masks or respirators and are not 
appropriate substitutes for them in workplaces where masks or respirators are recommended or required.

• Practice proper hand hygiene and cough and sneeze etiquette.
• Avoid touching your eyes, nose, or mouth. Be extra careful when putting on or taking off PPE.

Some other recommendations for safety of sanitation workers includes taking proactive measures to restrict access of waste pickers to its 
landfills (Ugom, 2020); decontaminating waste with sanitiser, wrapping it in 2-3 bags and putting it in a separate bin; placing special waste 
collection buckets in buildings (residential, government and hospitals) and in public places to collect disposable PPEs which could be emptied 
daily by trained personnel who would then decontaminate or dispose the PPE following country guidelines (Ugom, 2020); and creation of an 
environmental department to be supervised by Environmental Health Officers in all hospitals as a measure to ensure effective enforcement of the 
guidelines on safe disposal of bio-medical waste (Ugom, 2020). 
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According to the World Health Organization, every month the world 
needs 89 million plastic medical masks and 1.6 million protective 
goggles, which are made of polypropylene and may take even 500 
years to degrade in the ocean. According to the Government of 
India sources, the Central government had distributed about 21.32 
lakh PPE kits in early 2020, and 15.96 lakh kits were kept as a buffer. 
A government hospital bed would generate around half a kg of 
biomedical waste per day pre-COVID which has now gone up 
to 3-5 kg per day. 

Recent data from Central Pollution Control Board (CPCB) suggests 
that India generated around 33,000 tonnes of COVID-19 biomedical 
waste in the last seven months, with Maharashtra contributing the 
maximum (3,587 tonnes) to it. This waste includes PPE, gloves, face 
masks, head cover, plastic coverall, hazmat suit, syringes among other 
gears and medical equipment used by both healthcare providers 
and patients. As per the CPCB guidelines, there are 2,907 hospitals, 
20,707 quarantine centres, 1,539 sample collection centres and 264 
testing laboratories involved in generation of COVID-19 waste. About 
101 MT per day of COVID-19 related biomedical waste is being 
generated in the country, which is in addition to normal biomedical 
waste generation of about 609 MT per day. 

Top 8 States to generate the maximum amount of COVID-related 
biomedical waste in the past seven months are Maharashtra (5,367 
tonnes) followed by Kerala (3,300 tonnes), Gujarat (3,086 tonnes), 
Tamil Nadu (2,806 tonnes), Uttar Pradesh (2,502 tonnes), Delhi (2,471 
tonnes), West Bengal (2,095 tonnes) and Karnataka (2,026 tonnes). 

About 195 CBWTFs are providing the services of collection, 
transportation and disposal of COVID-19 biomedical waste from 
hospitals, isolation wards, quarantine centres, home quarantines, 

Safe disposal (including incineration) of PPE and consequent 
environmental & social problems that follow

homecare, sample collection centres and testing laboratories. 
However, the available capacity for incineration of COVID-19 
biomedical waste in the country is about 840 MT against the total 
generation of about 710 MT per day. It is estimated that about 55% 
of cumulative incinerator capacity in the country is being utilised. 
However, there may be capacity limitations in specific areas or cities 
when the available capacity of CBWTFs in a coverage area of 150 
Km may not be adequate due to a spike in generation of biomedical 
waste. 

CPCB also developed a mobile application called ‘COVID19BWM’ 
in mid 2020 to monitor COVID-19 related biomedical waste and 
to compile the data through electronic manifest system. It tracks 
COVID-19 waste at the time of generation, collection and disposal. 

Both Android Mobile and Web versions of software application were 
designed for waste generators, Common Biomedical Waste Treatment 
and Disposal Facility (CBWTF) Operators, State Pollution Control 
Boards / Pollution Control Committees and Urban Local Bodies. 
Health Care facilities/Hospitals (HCF), Quarantine Centres, Isolation 
wards, Testing Labs, Covid-19 Sample Collection Centres 
and Urban Local Bodies monitoring quarantine centres/homecare 
report generation of waste, whereas collection and disposal is 
reported by Transporter (waste handler) and CBWTF operator 
respectively. The app also provides a dashboard for monitoring 
daily waste collection and disposal including tracking of vehicles. 
Additionally, there’s provision for SPCBs to monitor State’s data 
and report daily status to CPCB.
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lack of awareness and accountability on waste segregation, and weak 
waste management system is the main issue.

Proper segregation of waste will also increase disposal capacity 
of incinerators. However, the sudden spike in biomedical waste 
may create a critical situation in States with 70% or more capacity 
utilization of incinerators. Therefore such States need to identify stand-
by facilities such as common hazardous waste incinerators, industrial 
captive incinerators and captive disposal facilities at healthcare 
facilities, according to CPCB guidelines. Use of deep-burial pits may 
be considered as a last option. States like Goa and Kerala were better 
placed in managing the magnitude of COVID-biomedical waste 
generated as they had a relatively better segregation system in place 
even before the pandemic and had to just add another vertical to 
cope during the current crisis.

The pandemic has increased the quantities of waste multifold 
over the past few months, but one key factor that has been 
attributed to increased levels of biomedical waste generation is 
improper segregation by healthcare facilities and non-healthcare 
establishments. Further, this increases the chances of spreading 
infection, quantum of waste generated and results in additional 
load on CBWTF incinerators, which are not designed for domestic 
solid waste. 

India has a poor record for clinical waste disposal with many violations 
of government rules reported, including the mixing of clinical and 
general waste and illegal dumping. These problems have exacerbated 
during the pandemic and large amounts of used PPE have been 
found dumped in open spaces of New Delhi and significant volumes 
stored by workers in the informal sector for potential resale. There 
have been cases of illegal dumping at odd hours in isolated, open 
spaces and water bodies across both developed and developing 
countries. In the United Kingdom, illegal waste disposal (“fly-tipping”) 
has risen by 300% during the pandemic. 

THE NEED FOR PROPER WASTE SEGREGATION

As per the provisions under Biomedical Waste Management Rules, 
2016 and CPCB’s COVID-19 guidelines, segregation of waste is 
essential for effective management of waste. The biomedical waste 
should be collected in yellow bags and given to authorised waste 
collectors at door steps, as per the CPCB guidelines. However, 
people are still not segregating toxic bio-medical waste from 
household waste as mandated. Estimates from Delhi in 2020 suggest 
roughly 32-40% people properly segregate dry and wet waste, and 
only ~10% people segregate domestic hazard waste. Experts say 

DISPOSAL PRACTICES 



18|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       18Pandemic Plastics

“When it comes to proper segregation of waste, people in Delhi are not following 
the rules. They are still not segregating toxic bio-medical waste from household 
waste as mandated, since there is no proper awareness or accountability. The 
government needs to actively promote the use of cloth masks so that consumption 
of single-use disposable plastic masks is reduced. There is a need to understand 
that for sustainable waste management, it is important to focus on waste 
reduction,” said Chitra Mukherjee, Head - Advocacy and Policy, Chintan, 
a Delhi-based NGO. 

“In Delhi, roughly 32-40 per cent people properly segregate dry and wet waste. 
If we also take into consideration domestic hazard waste, not more than 10 
per cent of the people in the national capital would be doing it. If everyone 
starts segregating waste properly at home, then we will reduce the chance of 
getting infected through waste,” said Swati Singh Sambyal, a Delhi-based waste 
management expert.
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Fisherman from the Thiruchinakuppam road in Tiruvottiyur, Chennai 
found masks, syringes, blood bags and testing equipment dumped 
along the seacoast in early July 2020. Additionally, biomedical 
waste has been traced in the Anakaputhur and Manivakkam lakes 
in Chennai, and water bodies of Vandalur, Otteri Nalla, Porur, 
Maduravoyal, Muttukadu and Puzhal. 
 

Waste plastic makes up 80% of all the marine litter from surface 
waters to deep-sea sediments. Studies suggest that with the 
rising demand of PPEs, with no clear instructions and disposing 
mechanisms, PPE are found stranded in the beaches, coastlines, 
rivers, and littering cities (Canning-Clode et al., 2020), and thus 
become the main source of plastic debris leading to marine pollution. 
Around 70% of marine litter is a result of mismanagement on land. 
Estimates indicate, if inappropriate disposal continues, the oceans will 
have more plastic than fish by 2050. 

Even though 198 Common Bio-medical Waste Treatment Facilities 
(CBWTFs) are involved in the treatment and disposal of COVID-19 
bio-medical waste across India, the majority of this biomedical waste 
ends up in water bodies as a result of improper disposal. Studies 
suggest that Asian rivers are responsible for 86% of the total global 
plastic emission to the ocean, which has exacerbated during the 
pandemic as a result of the mass usage of PPE. There have been 
several instances of waste being found in Indian water bodies. The 
CounterMEASURE project aims to find how plastic waste enters river 
Ganga and the types of single-use plastics that have increased due to 
Covid-19. 

Subhash Chandra, a scuba diver, accompanied by four others found 
N-95, surgical and cloth masks and other biomedical waste floating 
in the seabed at Rushikonda beach in Visakhapatnam in September 
2020. As a result of their first underwater clean-up post lockdown, 
they removed over 1500 kg of waste over three rounds till September 
27, 2020 and 17,000 kg of wet plastic over 57 days in November 
2020. Braja Kishore Pradhan, founder, Aahwahan Foundation claims 
that they found 10,000 masks, 1050 gloves and PPE kits discarded 
along the coastline during their Mumbai’s Juhu beach clean-up drives 
in May-August 2020. 

IMPLICATIONS FOR MARINE LIFE
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Inadequate disposal of waste leads to heaps of waste piles which 
become contagious hotspots for COVID-19 and other diseases, 
contaminate soil and groundwater caused by slurry formation, may 
cause urban waterproofing and aggravate the problem of floods in 
cities through the clogging of manholes, and even lead to unethical 
use of PPE for monetary gains by selling used PPE without proper 
reprocessing as reported in Thane, India.

Like most plastic litter, PPEs are mostly composite materials made 
of different synthetic non-degradable polymers (Fadare and Okoffo, 
2020). Fate of PPE in marine environment depends on the multiple 
materials involved in manufacturing common PPE, their non-
degradability and persistence in the environment. Implications of 
PPE in marine life include ingestion and entanglement of PPE items 
by marine megafauna and apex predators A horrific example of the 
visible impact of ‘pandemic plastics’ on marine life is from last year 
where a Magellanic Penguin was found dead on a beach in the city of 
São Sebastião, Brazil where the cause of its death was a mask found 
in its stomach during necropsy. PPEs are likely to become a source of 
secondary microplastics in the marine environment as a result of micro 
and nanofibers likely to be released under degradation conditions.
(Aragaw, 2020; Fadare and Okoffo, 2020).  They can be a suitable 
habitat and vector of invasive species and microbial pathogens 
and also serve as a vector and source of chemical contaminants 
(Mantelatto et al., 2020; Rech et al., 2018; Wu et al., 2019). Other 
effects of PPE waste in the marine environment include leaching of 
toxic additives like flame retardants and polychlorinated biphenyls as 
a result of weathering of plastic in PPEs (Bejgarn et al., 2015; De-la-
Torre et al., 2020b; Teuten et al., 2009). 
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“We removed 1000 kg of plastic in Kodi beach in a four-week 
cleanup drive since July. There weren’t many masks as villagers 
prefer cloth over single-use masks,” said Bharath Bangera, a Clean 
Kundapura Project volunteer, Udupi district, Karnataka.

 “In our Mumbai’s Juhu beach clean-up drives during May-August, 
we found 10,000 masks, 1050 gloves and PPE kits discarded along 
the coastline,” claimed Braja Kishore Pradhan, founder, Aahwahan 
Foundation

“It is an ocean of plastic and biomedical waste, flowing through 
open drainage systems from hospitals and litter on the beach,” 
Subhash Chandra said.
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waste generation as per the prescribed color coding:
 º Segregate: Waste items such as PPE used for 

patient care e.g. (gloves/aprons/masks) should be 
stored in Orange color bins or bags. The bag should 
not be full more than its ¾ capacity.

 º Place: Such contaminated bags should be placed 
in a second appropriate bag. While handling the 
clinical waste, the staff should wear appropriate PPE. 

 º ed for patient care e.g. (gloves/aprons/masks) 
should be stored in Orange color bins or bags. The 
bag should not be full more than its ¾ capacity.

 º Close: The bags with waste should be tied securely 
and tagged properly. These bags should also be 
sealed securely with a suitable plastic tie or secure 
knot. The recommended method of tying the knot is 
Swan knot. 

• Final disposal of the waste 
There are several systems available to treat clinical waste 
which use heat, chemicals, irradiation or combinations of 
these methods. Either of the following methods may be used 
to treat waste:

 º High temperature processes: Incineration, pyrolysis, 
plasma technology, gasification

 º Non-burn/low temperature alternative technologies: 
Heat (thermal) disinfection systems, autoclave, 
steam auger, dry heat, microwaves, macrowaves

 º Chemical disinfection systems 
 º Other chemical disinfection systems
 º Landfills

As per CPCB guidelines, used PPEs like face shields, goggles, 
hazmat suits, plastic coverall, used masks, head cover, shoe cover 
etc generated from healthcare facilities are to be segregated by 
being disposed of in colour coded categories - yellow, red, white 
and blue and then sent to Common Facilities for disposal as per 
Bio-medical Waste Management Rules, 2016 (BMWM Rules). On the 
other hand, COVID-biomedical waste generated by non-healthcare 
establishments (common households, commercial establishments, 
institutions, etc) which can be potentially contaminated, is currently 
being discarded as dry waste. However, these are required to be 
stored separately for a minimum 72 hours for disposal along with 
solid waste after cutting or shredding. Such shredded used masks 
from households can be collected as dry solid waste by Urban Local 
Bodies (ULBs). The International Solid Waste Association (ISWA) 
also recommends putting the waste into two closed bags, not filling 
them up (around three-quarters of the total capacity of the bag), and 
putting in the mixed waste (trash) with a label “COVID-19”, not in the 
selective collection.

According to the Health Technical Memorandum 07-01, waste 
disposal involves a number of activities such as classification and 
segregation of waste, storage and packaging, transport and treatment 
of the waste and finally the disposal (NHS, Department of Health, UK, 
2013). Some important measures to adhere to when handling waste 
are as follows:

• Doffing PPE 
It’s important to follow the right sequence of removing PPE 
from the body to reduce the spread of infection.  

• Handling the contaminated PPE 
The biomedical waste should be segregated at the source of 

SAFE DISPOSAL MECHANISM
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One of the key challenges that the waste management sector faces is 
the problem of unsegregated waste by waste generators. A primary 
reason for this is the lack of knowledge around proper segregation 
of waste, especially among non-healthcare workers. People need 
to know what goes in their yellow bins/bags and general waste. 
Recyclables which can be isolated for up to 3-5 days after quarantine 
is over can be stored and not rejected as bio-medical waste.  This will 
help reduce waste burdens of bio-medical waste to be handled via 
municipalities. Apart from this, they need to be made aware about 
the following:

According to the Health Technical Memorandum 07-01, waste 
disposal involves a number of activities such as classification and 
segregation of waste, storage and packaging, transport and treatment 
of the waste and finally the disposal (NHS, Department of Health, UK, 
2013). Some important measures to adhere to when handling waste 
are as follows:

• Cutting used masks and gloves and keeping them in 
paper bags for a minimum of 72 hours before discarding 
it as dry general solid waste, as per the CPCB guidelines. 
The same rule applies for discarding PPEs (Personal 
Protective Equipments) by the general public at commercial 
establishments, shopping malls, institutions, and offices.

• Segregation of COVID-related waste into a yellow bag by 
people in home quarantine, so that it goes for incineration.

• Similarly, all health facilities need to segregate the waste into 
four streams as per the Guidelines for Quarantine Facility 
COVID-19 issued by the Ministry of Housing and Urban 
Affairs:

 º Eye protection goggles, recyclable materials like 
pens, plastic water bottles and bed sheets are to 

Education and awareness as a strategy 
to cope with non-segregation of waste 

be kept in red bins. The collected waste is to be 
disinfected through autoclave or microwave or 
hydroclave and sent for recycling.

 º Sharp waste including metals is to be discarded in 
white bins. For the treatment, sterilisation is to be 
followed by shredding or container mutilation or 
encapsulation.

 º Glassware, tube light, CFL bulbs, LED used in 
quarantine facilities are to be kept separately in 
a cardboard box marked blue. The waste is to be 
disinfected and sent for recycling.

 º Used PPE, gloves, shoe covers, head covers, 
disposable bed sheets, and PPE with spill is to be 
discarded in a yellow bin and incinerated or buried 
in deep pits.
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RECYCLING

Given the gravity of the situation, many researchers, engineers, 
environmental activists, etc rose up to the challenge of ‘Pandemic 
Plastics’ and came up with various solutions to recycle PPE. One such 
example is of Binish Desai (an environmental activist and innovator) 
who came up with a solution to recycle used PPE into bricks for 
buildings. He has made more than 40,000 such bricks for projects 
including homes and factories, and is gearing up to produce 15,000 a 
day. The process involves isolating all PPE components for three days, 
sanitizing the materials and shredded. Thereafter, it is mixed with 47% 
paper sludge and a binding agent, and pressed by hand into various 
molds, with each brick weighing ~3 pounds and costing ~4 cents.

Another such example is of a research being conducted by the 
University of Petroleum and Energy Studies (UPES) in Uttarakhand 
which suggests that billions of disposable PPE can be converted from 
its polypropylene (plastic) state into biofuels. This transformation into 
biocrude will not just cut short the environmental pollution caused by 
these PPEs but also produce a source of energy heat local buildings 
or to produce electricity. Their conclusive findings suggest PPE waste 
to be converted into fuel using pyrolysis which is the most sustainable 
method of recycling compared with incineration and landfill.

Another way to recycle PPE apart from converting it into other 
products, is by using sterilization or high-level disinfection for 
reprocessing PPE. Eco-friendly technologies for sterilization have 
been deployed in various countries such as vaporised hydrogen 
peroxide (VH2O2) for filtering facepiece respirators, UV irradiation 
and High-level liquid disinfection (Actichlor+). 

INNOVATIVE PROTECTIVE GEAR / PPE ALTERNATIVES 
As a way to tackle with PPE shortage and surplus waste caused by 
the pandemic, people have come up with innovative protective 
gears / PPE alternatives such as washable and reusable face shields 
by Henry Ford Health System’s Innovation Institute; and 3D printed 

PPE for hospitals by institutions like Stony Brook University, Columbia 
Medicine and CoxHealth, and Dr. Mehmet Toner (a biomedical 
engineer and professor of biomedical engineering) at Massachusetts 
General Hospital.

SUPPLY CHAIN MANAGEMENT

Countries like Ireland have incorporated smart communication 
channels to meet shortfall in PPE and infection prevention and control 
(IPC) methods. REA-PPE team have developed a PPE mobile phone 
app to track stock usage that uses (1) backend database to save 
all information on PPE stock and distribution running on a cloud, 
such as AWS, (2) web-server as a gateway between the mobile app 
and the database, such as AWS, and (3) two functions for updating 
the database with latest PPE status along with querying the same 
database.

ALTERNATIVE MATERIALS / MODES OF PRODUCTION

People have resorted to using non-traditional funding streams for 
PPE and medical equipments for COVID-19 patients. For example, 
in Ireland, a group of international collaborators (researchers and 
scientists) raised €134,000 through crowdfunding to develop an 
easy-to-build and inexpensive ventilator for COVID-19 patients. 
Use of alternative materials for protective gear such as Continuous 
Positive Airway Pressure (CPAP) helmets for use in intensive care; and 
alternative modes of production such as 3D printing (Facial visors, 
and easy-to-assemble ventilators by researchers in University College 
Dublin and IT Sligo) have been found.

Various countries have adopted different strategies to cope with 
surplus medical waste caused by the pandemic. For instance, Norway 
has allowed temporary change in landfill permit and grants permit 
to carry waste elsewhere, and China has adopted onsite and mobile 
treatment as a means of responding to shifting demands. 
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PPE USE

• Making tailor-made suggestions for the healthcare sector 
based on the hierarchy of ‘Rethink, Refuse, Reduce and 
Recycle’. These may include:

 º Encourage appropriate use of PPE based on 
exposure levels of the health care worker

 º Encourage reusable alternatives without 
compromising the safety

 º Encourage PPE materials that have easily available 
recycling options. 

• Tailor-made suggestions for the non-healthcare sector, in 
addition to the above include educating and making people 
aware about the importance of hand hygiene and social 
distancing over the unnecessary use of PPE especially the 
hazmat suits. 
 

PPE RECYCLING AND DISPOSAL

• Using reusable PPE instead of disposable one by cleaning 
them between uses which would reduce the amount of 
biomedical waste generated. Alternatives for chemical 
cleaning may need to be sought as this may have other 
environmental impacts.

• UV irradiation inside the BSC, which further reduces the 
bioload before the BMW team collects them for disposal.  

• Constituting a separate collection and disposal system for 
masks and gloves at source, without leakages.

• Introduction of technology that sterilises waste and 
separation techniques which reduce the mixing of infectious 
waste with general waste and therefore reducing the risk of 
infection. This would open up more recycling options for 
such non-infectious wastes. 

• Having sensor based or foot operated large sized covered 
and clear demarcated bins in healthcare facilities which use 
high level disinfectant such as 1% Virkon®, accelerated 

hydrogen peroxide based disinfectant (Oxivir®) when 
compared to those commonly used in disinfection of high 
touch surfaces (0.5-1% sodium hypochlorite).

• Separate labelled containers to facilitate disinfection and 
maintenance of reusable components of PPE like powered 
air purifying respirator (PAPR), other high end respirators and 
face shields.

• Doffed PPE kept in bio-safety cabinets (BSC class 2 and 
above), in which HEPA filtered uni-directional air flow pattern 
is maintained. 

• Implementation of robot based systems or conveyor belts to 
carry the potentially infective load (discarded PPE) from the 
doffing zone to the terminal disinfection zone which offers an 
opportunity to reduce further exposure of healthcare workers 
involved in biomedical waste management.

• French recycling firm Citeo France advises throwing 
handkerchiefs, masks and gloves into a resistant plastic bag.  
 

TRAINING AND CAPACITY BUILDING

• Strengthening of Panchayati Raj institution, effective 
communication till the grassroots, and decentralisation of 
responsibilities and funding

• Incentivising small and medium enterprises and laying more 
emphasis on local initiatives.

• Looking at avenues to make biomedical waste disposal 
lucrative enough for hospitals as they in turn have to pay 
recyclers and therefore end up going for illegal dumping.

• Appropriate training and capacity building on proper 
segregation of waste at source to help reduce bio-medical 
waste that is to be incinerated and further reducing the 
environmental burden. 

• Creating larger awareness among waste generators and 
managers. Reusable masks, gloves and other PPEs for the 
general public can help reduce waste burden.



28|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       28Thank you

References 
Ahuja, A., Bhaskar S. (2020). India Generated Over 18,000 Tonnes Of COVID-19 Related Bio-medical Waste In 4 Months, Experts Call To 
Reduce, Reuse And Segregate. NDTV. Retrieved from https://swachhindia.ndtv.com/india-generated-over-18000-tonnes-of-covid-19-related-
bio-medical-waste-in-4-months-experts-call-to-reduce-reuse-and-segregate-52901/

Aragaw T.A. Surgical face masks as a potential source for microplastic pollution in the COVID-19 scenario. Mar. Pollut. Bull. 2020;159:111517. 
doi: 10.1016/j.marpolbul.2020.111517.

Association of Cities and Regions for sustainable Resource management. (2020). Survey on the impact of the COVID-19 on municipal waste 
management systems. Retrieved from https://www.acrplus.org/en/municipal-waste-management-covid-19

Bejgarn S., MacLeod M., Bogdal C., Breitholtz M. Toxicity of leachate from weathering plastics: an exploratory screening study with Nitocra 
spinipes. Chemosphere. 2015;132:114–119. doi: 10.1016/j.chemosphere.2015.03.010.

Bhattacharya, S., Hossain, M. M., & Singh, A. (2020). Addressing the shortage of personal protective equipment during the COVID-19 pandemic 
in India-A public health perspective. 
AIMS public health, 7(2), 223–227. https://doi.org/10.3934/publichealth.2020019

Business Today. (2021). India generated 33,000 tonnes of COVID-19 biomedical waste in last 7 months: CPCB. Retrieved from https://www.
businesstoday.in/current/economy-politics/india-generated-33000-tonnes-of-covid-19-biomedical-waste-in-last-7-months-cpcb/story/427521.
html

Canning-Clode J., Sepúlveda P., Almeida S., Monteiro J. Will COVID-19 containment and treatment measures drive shifts in marine litter 
pollution? Front. Mar. Sci. 2020;7:2018–2021. doi: 10.3389/fmars.2020.00691.

Central Pollution Control Board. (2020). Consolidated Status Report in the matter of O.A. NO. 72 of 2020 In re: Scientific Disposal of Bio-
Medical Waste arising out of Covid-19 treatment - Compliance of BMWM Rules, 2016 before Hon’ble National Green Tribunal, Principle Bench, 
New Delhi. Retrieved from https://greentribunal.gov.in/sites/default/files/news_updates/Status%20Report%20in%20O.A%20No.%2072%20
of%202020.pdf 

Centers for Disease Control and Prevention. (May 7, 2020). What Waste Collectors and Recyclers Need to Know about COVID-19. Retrieved 
from https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/waste-collection-recycling-workers.html

Cook, T.M. Personal protective equipment during the COVID -19 pandemic – a narrative review. doi: 10.1111/anae.15071



29|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       29Thank you

References
Creative Safety Supply. What is the proper way to dispose of PPE? Retrieved from https://www.creativesafetysupply.com/qa/ppe/what-is-the-
proper-way-to-dispose-of-ppe

Daily Dump. What is the purpose of waste in cities?. Retrieved from https://www.dailydump.org/learn/index.html

de Sousa FDB. Pros and Cons of Plastic during the COVID-19 Pandemic. Recycling. 2020; 5(4):27. https://doi.org/10.3390/recycling5040027

Duer, J. (2020). The plastic pandemic is only getting worse during COVID-19. World Economic Forum. Retrieved from https://www.weforum.
org/agenda/2020/07/plastic-waste-management-covid19-ppe/

Dutta, T. (2020). The pandemic is generating tons of discarded PPE. This entrepreneur is turning them into bricks. Washington Post. 
Retrieved from https://www.washingtonpost.com/road-to-recovery/covid-ppe-waste-recycling-india/2020/11/24/298a5c12-285f-11eb-9c21-
3cc501d0981f_story.html

Economic Times EnergyWorld. (2020). Indian researchers show how Covid-19 PPE can turn into biofuel. Retrieved from https://energy.
economictimes.indiatimes.com/news/oil-and-gas/indian-researchers-show-how-covid-19-ppe-can-turn-into-biofuel/77366476

Fadare O.O., Okoffo E.D. Covid-19 face masks: a potential source of microplastic fibers in the environment. Sci. Total Environ. 2020;737:140279. 
doi: 10.1016/j.scitotenv.2020.140279.

Fletcher, C. (2020). How is Used PPE Disposed of During the Coronavirus Pandemic?. Global Biodefense. Retrieved from https://
globalbiodefense.com/2020/05/12/how-is-used-ppe-disposed-of-during-the-coronavirus-pandemic/

Fram, D. S., Escudero, D., Matias, L. O., Coelho, W., Antonelli, T. S., Ferreira, D. B., & Medeiros, E. A. (2020). Personal protective equipment: 
Shortage or waste?. Infection control and hospital epidemiology, 1–2. Advance online publication. https://doi.org/10.1017/ice.2020.354

Gabriel E. De-la-Torre, Tadele Assefa Aragaw. What we need to know about PPE associated with the COVID-19 pandemic in the marine 
environment. Marine Pollution Bulletin. Volume 163, 2021, 111879, ISSN 0025-326X. https://doi.org/10.1016/j.marpolbul.2020.111879.

Haque, M. S., Uddin, S., Sayem, S. M., & Mohib, K. M. (2021). Coronavirus disease 2019 (COVID-19) induced waste scenario: A short overview. 
Journal of environmental chemical engineering, 9(1), 104660. https://doi.org/10.1016/j.jece.2020.104660

Joseph, J.P. (2020). India COVID-19: Online Survey Shows Not All Is Well on PPE Availability Front. The Wire Science. Retrieved from https://
science.thewire.in/health/india-covid-19-online-survey-ppe-availability-training-containment-zones/



30|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       30Thank you

References 
Kumar, H., Azad, A., Gupta, A. et al. COVID-19 Creating another problem? Sustainable solution for PPE disposal through LCA approach. Environ 
Dev Sustain (2020). https://doi.org/10.1007/s10668-020-01033-0

Lifecycle of a Plastic Product. American Chemistry Council. Retrieved from  https://plastics.americanchemistry.com/Lifecycle-of-a-Plastic-
Product/

Mallapur, C. (2020). Sanitation Workers At Risk From Discarded Medical Waste Related To COVID-19. IndiaSpend. Retrieved from: https://www.
indiaspend.com/sanitation-workers-at-risk-from-discarded-medical-waste-related-to-covid-19/

Mantelatto, M.C., Póvoa, A.A., Skinner, L.F., Araujo, F.V. de, Creed, J.C., 2020. Marine litter and wood debris as habitat and vector for the range 
expansion of invasive corals (Tubastraea spp.). Mar. Pollut. Bull. 160, 111659. doi:10.1016/j.marpolbul.2020.111659.

Mertz, R. (2020). FAQ: Experts share what we should know about masks. Vox Magazine. Retrieved from https://www.voxmagazine.com/news/
science/faq-life-cycle-mask/article_1f4bcf1a-25c6-11eb-8fd6-93e794185fb2.html

MCR Safety. (2020). Waste Management PPE and Safety Solutions. Retrieved from https://www.mcrsafety.com/blog/waste-management

Ministry of Textiles. (2020). Export of PPE Suits. Retrieved from https://pib.gov.in/PressReleasePage.aspx?PRID=1656231

Mishra, L. (2020). Experts stress on proper disposal of PPEs. The Hindu. Retrieved from https://www.thehindu.com/news/national/experts-stress-
on-proper-disposal-of-plastic-ppes/article31475746.ece

MSN Lifestyle. (May 24, 2020). Infographic: The life cycle of the humble face mask. Retrieved from https://www.msn.com/en-za/health/medical/
infographic-the-life-cycle-of-the-humble-face-mask/ar-BB14wmfB

National Engineering Policy Centre, & Royal Academy of Engineering. (2020). Considerations for PPE reprocessing based on international 
practices. Retrived from https://www.raeng.org.uk/publications/reports/considerations-for-ppe-reprocessing

Ortiz, J. M.Y. R. Waste collectors are Coronavirus Frontliners, too. Inter-American Development Bank. Retrieved from https://www.iadb.org/en/
improvinglives/waste-collectors-are-coronavirus-frontliners-too

Prata, Joana & Patricio Silva, A.L. & Walker, Tony & Duarte, Armando & Santos, Teresa. (2020). COVID-19 Pandemic Repercussions on the Use 
and Management of Plastics. Environmental Science & Technology. XXXX. 10.1021/acs.est.0c02178. 



31|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       31Thank you

References
PTI. (2020). Disposal of PPE kits, other biomedical waste challenge during COVID-19 pandemic: Govt. The Hindu. Retrieved from https://www.
thehindu.com/news/national/disposal-of-ppe-kits-other-biomedical-waste-challenge-during-covid-19-pandemic-govt/article32653451.ece

Ravichandran, N. (February 11, 2020) Plastic Masks, PPEs, Biomedical Waste Choke Water Bodies In Maharashtra, Andhra, Tamil 
Nadu. HuffPost. Retrieved from https://www.huffpost.com/archive/in/entry/plastic-masks-ppes-biomedical-waste-water-bodies-india_
in_5f9faeadc5b658b27c3c289d

Ries, J. (2020, March 25). There Isn’t Enough Medical Gear for Doctors and Nurses: What People Are Doing to Help. Healthline. Retrieved from 
https://www.healthline.com/health-news/to-get-medical-gear-doctors-and-nurses-get-creative

Rosengren, C. (2020). Coronavirus poses multiple safety risks for waste and recycling workers. Waste Dive. Retrieved from https://www.
wastedive.com/news/coronavirus-covid-waste-recycling-safety-collection-mrf/574359/

Rowan, N. J., & Laffey, J. G. (2020). Challenges and solutions for addressing critical shortage of supply chain for personal and protective 
equipment (PPE) arising from Coronavirus disease (COVID19) pandemic - Case study from the Republic of Ireland. The Science of the total 
environment, 725, 138532. https://doi.org/10.1016/j.scitotenv.2020.138532

Sansom, C. (Dec 14, 2020). Sustainable Covid-19 protection. Chemistry World. Retrieved from https://www.chemistryworld.com/features/
sustainable-covid-19-protection/4012826.article

Saran S, Gurjar M, Garg A. Identifying and Implementing Strategies to Reduce the Risk of Self-Contamination of Health Care Workers Caused 
by Doffing of Personal Protective Equipment During the COVID-19 Pandemic. Disaster Med Public Health Prep. 2020 Oct 22:1-4. doi: 10.1017/
dmp.2020.396. Epub ahead of print. PMID: 33087198; PMCID: PMC7737112.

Singh, G. (2020). Improper handling of bio-medical waste in homes increasing Covid threat in Delhi, fear experts. The Hindu, Business Line. 
Retrieved from https://www.thehindubusinessline.com/news/national/improper-handling-of-bio-medical-waste-in-homes-increasing-covid-threat-
in-delhi-fear-experts/article32162077.ece

Singh, N., Tang, Y., & Ogunseitan, O.A. (2020). Environmentally Sustainable Management of Used Personal Protective Equipment. Environ. Sci. 
Technol. 54, 14, 8500–8502. https://doi.org/10.1021/acs.est.0c03022

Szczepanski, M. (April 2, 2020). COVID-19 Work Practices for Waste, Recycling Workers. Waste 360. Retrieved from https://www.waste360.com/
safety/covid-19-work-practices-waste-recycling-workers



32|     The Upsurge of Single-Use Plastics During COVID-19 Pandemic       32Thank you

References
Tiwari, M. (2020). How to Dispose PPE Safely - The New Challenge to the World. Online Clothing Study. Retrieved from https://www.
onlineclothingstudy.com/2020/05/how-to-dispose-ppe-safely-new-challenge.html

Teuten E.L., Saquing J.M., Knappe D.R.U., Barlaz M.A., Jonsson S., Björn A., Rowland S.J., Thompson R.C., Galloway T.S., Yamashita R., Ochi D., 
Watanuki Y., Moore C., Viet P.H., Tana T.S., Prudente M., Boonyatumanond R., Zakaria M.P., Akkhavong K., Ogata Y., Hirai H., Iwasa S., Mizukawa 
K., Hagino Y., Imamura A., Saha M., Takada H. Transport and release of chemicals from plastics to the environment and to wildlife. Philos. Trans. 
R. Soc. B Biol. Sci. 2009;364:2027–2045. doi: 10.1098/rstb.2008.0284.

Ugom M (2020) Managing Medical Wastes During the Covid-19 Pandemic in Nigeria, Int J Waste Resour 10: 386. doi: 10.35248/2252-
5211.20.10.386

United Nations Development Programme. A tidal wave of plastic. 

Vozzola E, Overcash M, Griffing E. An Environmental Analysis of Reusable and Disposable Surgical Gowns. AORN J. 2020 Mar;111(3):315-325. 
doi: 10.1002/aorn.12885. PMID: 32128776.

World Health Organization. (2020, 6 April). Rational use of personal protective equipment for coronavirus disease (COVID-19) and 
considerations during severe shortages: Interim guidance. Retrieved from https://apps.who.int/iris/bitstream/handle/10665/331695/WHO-2019-
nCov-IPC_PPE_use-2020.3-eng.pdf?sequence=9&isAllowed=y


