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ABSTRACT
As COVID-19 becomes fast spread, safe disposal of infectious and hazardous COVID-19 waste 
that has mixed with municipal waste is now becoming a major environmental challenge. In many 
cities in Nigeria, such wastes are often disposed of in landfills or incinerated openly. Though, 
significant attention has been paid to policy and management of COVID-19 in the health sector, 
little has been done in managing COVID-19 waste. Effective handling and disposal techniques 
of these wastes must be harnessed in sustaining the environment and curbing the spread of 
this disease. This paper is aimed at evaluating the two major precautionary measures taken 
against the spread of COVID-19; face covering and hand sanitizer, their chemical composition, 
use, disposal and impacts of their improper disposal on the environment. Common medical 
and disposable face masks are made of non-biodegradable plastic materials containing toxic 
additives that are carcinogenic, mutagenic and contribute significantly to climate change. 
Prolong or misuse of commonly used hand sanitizers can cause oral and dermal toxicity especially 
in children. Safer, economical and reusable materials to replace hitherto toxic materials used 
in curbing the spread COVID-19 should be made available. Aside from frequent washing of 
hands with soap and water, this paper recommends that attention should also be focused on 
public awareness on proper handling and disposal of all waste. Hospitals and municipal waste 
management should adopt the art of autoclaving before incineration of waste.
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INTRODUCTION
The widespread of COVID-19 has affected 
the total wellbeing of human societies. The 
pandemic has led to major environmental 
challenges as new kinds of waste have been 
introduced into the environment. These 
include used face masks and hand gloves, 
empty hand sanitizer containers and other 
plastic materials generated as a result of bulk-
buying in cities and states across the country 
(Ilechukwu, 2020). Safe disposal of infectious 
and hazardous waste due to COVID-19 that has 
mixed with municipal waste now becomes an 
environmental issue. Government in various 
countries has put different measures in place 
to curtail the virus and its further spread. 
The quarantine and lockdown policies 
established in most countries, have led to 
increase in municipal waste generated at 
homes and safe management of household 
waste has become critical (United Nations 
Environment Programme, 2020). Chemicals 
and disinfectants are now the new norm, some 
of which can be dangerous to human health 
and the environment (Guzman, 2020).

The precautionary measures put in place 
by the government may directly impact the 
environment negatively as well as improper 
disposal of waste generated by these 
measures. There has been an increase in 
waste from the use of Personal Protective 
Equipment (PPE) by individuals and frontline 
health workers and this requires critical wastes 
management in relation to COVID-19 (UN-
Habitat 2020; Calma, 2020). Along this same 
line, the UN Environment Program has urged 
governments to treat waste management, 
including medical, domestic, and other waste, 
as an urgent and essential public service 
to minimize possible secondary health and 
environmental effects (ARCplus, 2020).

The outbreak of covid-19 has led to an 
increase in the use and disposal of plastic 
products, even for non-medical applications. 

Single-use plastics are seen by consumers as 
a safe alternative for many applications in 
household and restaurants. These materials 
including; plastic packaging materials, 
drinking bottles, and fast food containers 
have been identified as a significant source 
of plastics and plastic particle pollution in 
the environment (Fadare et al., 2020). Their 
disposal is indirectly accompanied by a wide 
range of environmental issues, such as soil 
erosion, deforestation, air, and water pollution 
(Mourad, 2016; Schanes et al., 2018).

As the number of infected people increases, 
so does the amount of infectious medical 
waste. Hospitals in Wuhan produced an 
average of 240 metric tons of medical waste 
per day during the outbreak, compared to 
their previous average of fewer than 50 metric 
tons (Calma, 2020). In many cities in Nigeria, 
medical waste are often mixed with municipal 
solid waste and disposed of in residential waste 
landfills or incinerated openly (Awodele et al., 
2016). Although significant attention has been 
paid to policy and management of COVID-19 
in the health sector, little attention has been 
paid to waste management under COVID-19 
pandemic in spite of the clear connection 
between solid waste management, health 
and development (Gonzenbach and Coad 
2007; UN-Habitat 2020). It has been noted that 
strategies to manage solid wastes, during and 
after the COVID-19 pandemic, are lacking in 
Nigeria (Nzediegwu and Chang, 2020).

This paper is aimed at evaluating the two 
major preventive measures; face covering and 
hand sanitizer; their chemical composition, 
use, means of disposal and impacts of their 
improper disposal on the environment.

Face Coverings: Types, 
Composition and Use

Medical and Disposable Facemasks
The science around the use of masks by the 
general public to prevent its transmission is 
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advancing rapidly (Howard et al., 2020). In 
spite of the widespread usage of face masks, 
there has been a great deal of anomalies in 
the handling and disposal (New Straits Times, 
2020; The Conversation, 2020). Virtually 
all medical and disposable face masks 
(single use face masks) are derived from 
non-biodegradable substances produced 
from polymers, such as polypropylene, 
polyurethane, polyacrylonitrile, polystyrene, 
polycarbonate, polyethylene, or polyester 
(Potluri and Needham, 2005; Ecowatch, 2020). 
Plastic polymers are not considered as toxic, 
but the additives that are typically blended 
with the monomer are hazardous and toxic.

Additives, such as flame retardants, heat 
stabilizers, antioxidants, light stabilizers, 
lubricants and acid scavengers are added 
for polymerization to take place (Rosato, 
1998). These additives are hazardous to the 
environment and human health because they 
are carcinogenic, mutagenic, toxic with long 
lasting effects. They are of low molecular 
weight and are either weakly bound or not 
bound at all to the polymeric macromolecules 
and so, can be emitted from the plastic 
products (Crompton, 2007; OECD, 2004) to 
air, water or other contact media, for example 
food. Some of these have been evaluated for 
the endocrine disrupting properties (Groshart 
and Okkerman, 2000).

Reputable scientific studies have revealed the 
possibility of widespread that may ensue if 
mishandling of the masks persists; the level 
of environmental pollution resulting from 
the poor disposal of face protective coverings 
may be alarming if not checked (New Straits 
Times, 2020; The Conversation, 2020). In as 
much as the Centre for Disease Control and 
Prevention (CDC) does not recommend the use 
of N95 mask for the general public (FDA, 2020), 
several people have resorted to it including 
government officials, politicians, though, to 
safeguard themselves against contacting the 
deadly COVID-19 disease but these protective 

wears are not properly disposed. A study 
estimated that a single use of face mask daily 
for a year by a person would amount to about 
70,000 tonnes of contaminated wastes and 
60,000 tonnes of plastic packaging (Weforum, 
2020). It has been estimated that the number 
of plastic protective wear (PPW) such as face 
masks used daily in Africa is about seven 
hundred million (Nzediegwu and Chang, 2020).

Face shield
Face shield, which comes in various forms, 
provides a transparent plastic wall that guards 
the face. These shields are derived from 
common materials found in craft or office 
supply stores (Perencevich et al., 2020). As a 
result, they are not as scarce as medical masks. 
In addition to this, face shields are more 
durable, can be reused and sanitized with 
disinfectants, or soap and water (Perencevich 
et al., 2020). It requires no removal if one has 
to communicate coherently with another 
even through facial signals, in comparison 
to medical and fabric masks. It is worn with 
comfort and has strong shielding against viral 
entry, including COVID-19 and influenza viruses 
(Perencevich et al., 2020).

ECOLOGICAL AND 
ENVIRONMENTAL 
IMPLICATION OF 
IMPROPER DISPOSAL OF 
COVID-19 WASTES
A boomeranging problem associated with the 
use of face coverings is not only the sudden 
surge in the volume of plastic waste but 
also the issue of disposal (Earth.org, 2020b; 
Klemeš et al., 2020). Waterlogged masks and 
other wastes linked with COVID-19 are being 
identified on sea-beds, and eroded into other 
water bodies (see Fig. 1-3) adding to the daily 
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debris in the aquatic ecosystems (Weforum, 
2020).

Fig 1: Mask Pollution

(Source: connexionfrance.com; accessed 
25th Oct. 2020)

The environmental implication and the 
adverse effects of improper disposal of plastics 
and plastic particles include;  threat to aquatic 
lives, which constitute a major part of the 
food web and support to human existence 
(Fadare et al., 2020), reduction in aesthetic and 
recreational worth which are vital to human 
social and mental stability.

The presence of plastics in the environment is 
contributing significantly to climate change due 
to carbon emission and a greater risk to the 
global food chain (Reid et al., 2020; Shen et al., 
2019). Another implication of indiscriminate 
disposal of used plastic face masks or PPE in 
the environment is the possibility of acting 
as a medium for disease outbreak, as plastic 
particles are known to propagate microbes 
such as invasive pathogens (Reid et al., 2020). 
When these are remained discarded in an 
animal’s natural habitat in both land and ocean 
this could cause animals to mistakenly eat this 
as food which may lead to death (Hellewell 
et al., 2020). There is currently no unified 
international regulation on plastics regulation 
and pollution management. Some inhabitants 
in developing countries drop their waste in 

run-off water during rain, thereby, clogging 
water ways leading to flooding.

Cleaners and waste-collectors amongst other 
groups of health workers in their quest to 
make a living among communities are more 
susceptible to the negative effects from 
exposure to these wastes (see Fig. 2) (Wilson 
et al., 2006; Samson 2020). Health workers 
and cleaners are not provided with adequate 
protective wears and this has exposed many 
of them to the disease. Usually, COVID-19 
waste is usually mixed with general household 
waste, which may put waste collectors at risk 
of contracting disease (Nzeadibe and Ejike-
Alieji, 2020; Chuks et al., 2013).

Fig. 2: Mask Waste from Hong Kong Beach

(Source: bangkokpost.com; accessed 25th Oct. 
2020)

The mass retrieval of different types of nose 
masks in Hong Kong (see Fig. 2) in February, 
2020 New South Wales beach (Fig. 3) and 
along an expressway and drainage in Ile-Ife, 
Nigeria in May, 2020 is a proof that facemasks 
are environmental litters on land and in water, 
and the pandemic is continuously increasing 
plastic pollution; thus, indicating a menace 
trend in the environment (Fadare and Okoffo, 
2020; Ecowatch, 2020). These plastic wastes 
can be easily eroded into water bodies and 
if not controlled, may probably emerge as 
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new origin of microplastic fibres, due to 
their degradability and fragmentation under 

environmental conditions (Fadare and Okoffo, 
2020).

Fig. 3: Mask Waste from New South Wales (NSW) Beach

(Source: au.news.yahoo.com; accessed 15th Nov., 2020)

Burning of plastics usually produces some 
noxious gases like furans and dioxins, which 
are dangerous greenhouse gases that play 
important role in ozone layer depletion (Verma 
et al., 2016). In fact, dioxins specifically disrupt 
the functioning of the human endocrine 
hormone and thus are major concern for 
the human health. Substances released from 
various plastic products include; phthalates 
(Tonning et al., 2010), brominated flame 
retardants (Kim et al., 2006), bisphenol A 
(Geens et al., 2010), lead, tin and cadmium 
(Al-Malack, 2001), formaldehyde and 
acetaldehyde (Özlem, 2008), 4-nonylphenol 
(Fernandes et al., 2008) and benzene (Skjevrak 
et al., 2003).

Green House Gases (GHG) is emitted during 
production and incineration of cotton and 
plastic face masks (Klemeš et al., 2020). Also, 
landfilling of plastic wastes may generate 
microplastics which are present in landfill 
leachates and may be released to the 
surrounding environment (Silva et al., 2021). 
Waste water from hand washing is not usually 
treated and when washed into water bodies 

can cause eutrophication, foaming, and 
altering water physicochemical parameters 
such as temperature, salinity, turbidity, and 
pH (Mousavi and Khodadoost 2019).

Most PPE including gloves, aprons, long 
sleeved gowns, goggles, fluid-repellent surgical 
masks, eye, nose and mouth protection, face 
visors and respirator masks used in healthcare 
and during the burial of deceased COVID-19 
victim oftentimes are not properly disposed. A 
good example of this is a viral video clip which 
showed how one of the pall bearers after the 
burial of a prominent government official in 
Nigeria was seen carelessly disposing off his 
PPE in the open environment (Isine, 2020).

Handling regulations for 
Face Coverings
The World Health Organization (2020) 
stipulates guidelines for handling of face 
coverings, specifically medical masks. Used 
tissues and face masks must be disposed in 
closed litter receptacles while other medical 
equipment must be sterilized and incinerated 
at high temperatures (WHO, 2020). Many 
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hospitals do not have the ability to correctly 
tackle the abrupt surge in medical wastes 
engendered by the pandemic because most 
of them especially in developing nations are 
not equipped with the modern incinerators 
operating within 800 to 1200oC in line with 
international emission standards (Earth.org, 
2020a).

Disposal of moist masks should not be delayed 
and should be replaced. Perhaps due to the 
availability and affordability of fabric masks 
to the general public, guidelines on its usage 
have been provided by different authorized 
health agencies across the world. The Nigeria 
Centre for Disease Control (NCDC, 2020) has 
recommended frequent washing of hands 
with soap under running water to prevent 
contamination, social distancing and mask 
wearing before leaving for essential services. 
Other regulations include not pulling down the 
mask to cough or sneeze as well as not leaving 
a used facemask on dirty surfaces or in the 
proximities of children. It also recommends 
the use of tissue or bent elbow over the mask 
until one is able to safely remove the mask for 
washing.  Furthermore, washing or sanitizing 
the hands before removing the mask by the 
straps is advised. Fabric mask should be 
immediately washed with soap or detergent 
and sundried, followed by ironing before 
reuse.

It also emphasizes the use of three-layer fabric 
masks but should be avoided for below two 
years old. New masks purchased from vendors 
need not be immediately worn but after 
washing. Reuse of fabric mask must always 
come after sufficient washing and drying. 
Furthermore, washing or sanitizing the hands 
before removing the mask by the straps is 
advised.

Hand Sanitizers: Types, 
Composition and Use
After the outbreak of COVID-19 in December 
2019 usage of hand sanitizer was suggested 

by WHO as a preventive measure to control 
this pandemic, which leads to exponentially 
increased usage of alcohol based hand 
sanitizers as hand hygiene. Adaptation of 
effective hand hygiene is vital, where one of 
the best advices by WHO is to wash hands 
frequently with soap and water or sanitize 
with >60% alcoholic hand sanitizer. Two 
compositions of hand sanitizer were suggested 
by WHO mainly made up from ethanol, 
isopropyl alcohols, hydrogen peroxides in 
different combinations (WHO, 2020), one with 
ethanol (96%) and the other with isopropyl 
alcohol (99.8%). Final product concentration 
suggested by WHO for household or local 
production is ethanol (80% v/v), hydrogen 
peroxide (0.125% v/v) and glycerol (1.45% 
v/v) for formulation A and isopropyl alcohol 
(75% v/v), hydrogen peroxide (0.125% v/v) and 
glycerol (1.45% v/v) for formulation B.

Prolong or wrong use of these chemicals can 
lead to toxicity and NCDC has even announced 
that many sanitizers in the market are fake 
(Premium Times, 2020). Information on 
the label of some hand sanitizer are usually 
incomplete, abbreviated while some only 
indicated that ‘alcohol’ is the main ingredient, 
without stating the specific alcohol used 
(Nyamweya and Abuga , 2020)

These preparations may become toxic to 
human health and environment when misused 
or when released by evaporation (Slaughter 
et al., 2014). Some hand sanitizers contain 
methanol which show oral and dermal toxicity 
and have been mandated not to be use in hand 
hygiene products (Chan and Chan, 2018).

Ethanol and Isopropyl alcohol Toxicity
Consistent use of ethanol based hand 
sanitizer have been associated with increase 
in concentration of urinary ethyl glucuronide 
(Salomone et al., 2018) and its responsible for 
skin and eyes irritation or contact dermatitis 
(Lachenmeier, 2008). Toxicity from the use of 
Isopropyl based is more intense compared to 
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ethanol due to its higher molecular weight 
(Wilson et al., 2015). Toxicity may be as a 
result of accidental (especially in children) 
or suicidal ingestion or absorption through 
dermal contact. About 90% of ingested ethanol 
metabolized to acetaldehyde and acetyl CO-A 
(Ellis-Caleo and Burstein, 2017). Ingestion of 
one ounce (oz) of isopropanol solution has 
been reported to result in serious clinical 
effects in children under age of six years 
(Stremski and Hennes, 2000). Possible lethal 
dose of isopropanol for adults is approximately 
240 ml (Gosselin et al., 1984).

Common symptoms that appear after 
ingestion of ethanol based hand sanitizer are; 
nausea, vomiting, epigastria pain, and varying 
degrees of central nervous system depression 
(Archer et al., 2007). Ethanol toxicity has 
been linked with respiratory diseases such 
as; hypothermia, cardiac dysrhythmias 
with possible cardiac arrest, hypoglycemia, 
ketoacidosis and hypotension (Gormley et al., 
2012). Isopropyl alcohol also irritates mucosal 
lining in gastrointestinal tract (Slaughter et al, 
2014) and contributes to gastritis (Matteucci, 
2011), associated to cause ketosis (Trummel et 
al., 1996), respiratory depression, and increase 
in the serum cretinine (Zaman et al., 2002).

Toxicity due to dermal absorption can result if 
ethanol or isopropanol-based hand sanitizer 
is continuously used for months and several 
times a day, as currently happening for 
COVID-19 prevention (Bouthoorn et al., 2011; 
Gormley et al., 2012; NJH, 2016; Salomone et 
al., 2018).

Triclosan Toxicity
Hand sanitizers void of alcohol may contain 
triclosan, a powerful antibacterial agent often 
used in the production of pesticides (Glaser, 
2004). It is readily absorbed by the skin which 
can directly impact thyroid function and is 
deleterious to the liver and muscles when in 
contact (Glaser, 2004; Ley et al., 2017). Studies 
reveal that many individuals have transitioned 

from the use of soap and water to clean up 
the hands before picking up foods or fruits to 
the use of hand sanitizers. The implication of 
this is adverse on the body system, especially 
individuals with low immunity, as they not only 
consume the edibles but do that in conjunction 
with the ingestion of the harmful chemicals 
the sanitizers contain (Weatherly and Gosse, 
2017). Triclosan, when ingested, reduces the 
effectiveness of the body’s immunity, thereby 
making the victims more vulnerable to even 
genital dysfunction (Glaser, 2004; Weatherly 
and Gosse, 2017).

Hand Sanitizer: Risk 
Factor for Children
Most of the available hand sanitizers are 
available in brightly hued bottles and have 
appealing smell like candy or any food flavor 
which is very tempting to young children. Most 
scented hand sanitizers contain toxins and 
ingestion of small amount of sanitizer may 
pose no health risk but ingesting any more 
than a taste could lead to alcohol poisoning in 
children (AAPCC, 2020). Recent reports have 
recognized serious concerns, including apnea, 
acidosis, and coma in young children who 
ingested alcohol-based (alcohol) hand sanitizer 
(Santos et al., 2017). In early five months of 
2020, American Association of Poison Control 
Center reported 9504 alcoholic hand sanitizer 
exposure cases in children under the age of 
12 years and recognized that even a small 
amount of alcohol can cause alcohol poisoning 
in children that is responsible for confusion, 
vomiting and drowsiness, and in severe cases, 
respiratory arrest and death (AAPCC, 2020).

Increased Risk of Other Viral Diseases
Medical experts have started to warn that 
excessive use of alcohol based hand sanitizer 
as a preventive measure against coronavirus 
indirectly increase the risk of infection through 
skin disorders. Too much use of sanitizer 
against new corona virus is responsible for 
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skin damage and reduce its ability to work 
as a barrier against other harmful viruses 
(Tachikawa, 2020). Excessive use of alcohol 
based sanitizer increased permeability of skin 
(Schuster, 2014) and deprives oil and water 
from skin and leads to skin roughness and 
irritation. Dry and damaged skin is hotbed for 
many diseases causing bacteria with increased 
risk of virus entry into skin (Tachikawa, 2020). 
Research reports have indicated that overuse 
of sanitizers in some cases may increase risk of 
viral outbreaks (Vogel, 2011).

Flammability of Hand Sanitizers
Alcohol-based sanitizers are highly flammable; 
as such, individuals who put it on their hands 
are susceptible to serious burn if they are in 
close proximity to any fire (Jing at al., 2020). 
It is important therefore to have all hand 
sanitizer containers airtight to minimize or 
eliminate the risk for flammability.

Graphene Materials as Safe 
Precautionary Measures 
against SARS-CoV-2
Graphene oxide (GO), a 2D nanomaterial that 
is environmental friendly has shown strong 
inhibitory activity against many viruses 
including coronavirus. This is attributable 
to its unique physicochemical, electronic 
and biological properties (Palmieri and Papi, 
2020; Raghav and Mohanty, 2020). It has 
high negative charge and through hydrogen 
bonding and electrostatic interactions can 
adsorbed positively charged lipid bilayer of 
feline coronavirus (Song et al., 2015) causing 
structural disruption and cytotoxic effects to 
the viral membrane (Frost et al., 2012; Rui 
et al., 2015). Based on technology, different 
precautionary materials against COVID-19 
have been produced. An economical and 
reusable graphene mask was produced by 
Bonbouton (https://www.bonbouton.com/
COVID-mask). Composite ink of GO and silver 
nanoparticles that effectively eradicates 

strains of coronavirus was proposed by Zen 
Graphene Solutions Ltd (Mining, 2020). The 
mist spray of this composite can be used 
as body spray to sanitize nasal or mouth by 
masking the S-protein of SARS-CoV-2 (Raghav 
and Mohanty, 2020).

Also, surface cleaner wipes coated with 
graphene or graphene-based nanomaterials 
have been used as disinfectant (Raghav and 
Mohanty, 2020). Graphene-based nano-drugs 
conjugated with antivirals are being postulated 
to be effective against SARS-CoV-2. Reusable 
PPE coated with modified nanomaterials with 
enhanced capacity to repel the SARS-CoV-2 
has been postulated to prevent aerosol 
transmission in medical healthcare workers. 
Multiple layer nanomaterials with modified 
positive charge filters installed in the air 
purification and air-conditioning devices can 
prevent aerosol transmission of COVID-19 
(Graphene-info, 2020; Raghav and Mohanty, 
2020).

CONCLUSION AND 
RECOMMENDATIONS
Management of COVID-19 PPE waste is 
everybody’s business, major stakeholders 
include; health workers, waste collectors, 
waste management companies and the general 
public at large. The potential implications of 
the negligence of Covid 19 control wastes can 
be deleterious if care is not taken promptly.

 It is therefore recommended that washing of 
hands with soap and water regularly; keeping 
the sanitizer away from children; storing it in 
an airtight bottle in a cool dry place, non-usage 
in the kitchen or in an environment close to 
fire; and cleaning the face coverings with soap 
and water are adopted.

An eco-friendly and cost effective methods 
of plastic degradation by microbes or 
modification with natural polymers can be 
adopted. Plastic waste can also be recycled 
into new useful materials. For instance in 
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Bangalore, India, plastic asphalt produce from 
churned plastic waste blended with bitumen is 
used as an alternative road material (Khullar, 
2009; Gulati, 2010).

Public awareness should be focus on proper 
disposal/sorting of all COVID-19 wastes from 
household waste. Training of local waste 
collectors on proper handling of COVID cum 
household waste should be encouraged. 
The art of autoclaving before incineration of 
waste should be adopted while all laboratories 
and hospitals should be mandated to have 
incinerators.

Technology should be geared towards the 
development of eco-friendly and affordable 
(and perhaps reusable) materials to curb 
the spread of the diseases coupled with the 
amelioration of recycling streams to guarantee 
suitable end-of-life for those products. In 
all, actions that support environmental 
sustainability should be put in place and 
communicated to the general public. Only if 
these and many more associated innovations 
are put into practice would we prevent the 
next probable pandemic from surfacing: Plastic 
pollution!
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