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ABSTRACT 

 

Covid-19 has aroused as the most contentious issues worldwide in 2020. It has caused unexpected effects on various aspects of life, and 

Governments are struggling in combatting this disease with all the efforts and measures possible at individual as well as mass scale. Various 

preventive measures have been recommended, including the use of face-masks for this purpose. This communication presents front and flip sides of 

using face-mask as a preventive measure. Health effects caused because of using face masks have been provided attention. Impact of quantification 

of face mask dumping is presented, along with a value added mechanism for the disposal of used masks as medical waste. 
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INTRODUCTION 

 

Personal hygiene is of utmost importance for prevention against transmission of infectious viruses, especially in case of contagious respiratory 

diseases, such as influenza, severe acute respiratory syndrome (SARS), etc. And, this becomes even more important for healthcare workers 

(HCWs), who are exposed to such types of infections with maximum possibility and intensity. All the countries across the globe have attempted 

various measures and have issued necessary precaution to minimize the spread of Covid-19. This includes social distancing as first and foremost 

step towards prevention from the infection. Other necessary measures include use of hand sanitizers, frequent cleaning of hands, face- masks, face-

shields, personal protective equipment (PPE; especially for healthcare and public workers), gloves, etc. Among variety of measures, face-masks 

have come up as necessary and important utility in this context, especially in the current scenario of Covid-19 pandemic. Corona virus is an acute 

respiratory syndrome virus and is responsible for respiratory illness linked to 2002-2003 outbreak (SARS-CoV-2) [1]; interestingly both the viruses 

have originally come from bats [2]. 

  

Covid patients include fever, cough, breathing problem and fatigue, however it has been observed to be highly contagious leading to severe 

complications, such as damage of important body organs (lungs, liver, heart). It can cause permanent loss of taste and smell, blood clotting, stroke, 

and finally death of the person. These are common symptoms observed in this illness, however extent of the infection can vary from person to 

person [3]; chronic illness and weak immune system further adds to the impact of attack on body [4,5]. 

 

Covid-19 (corona virus disease 2019) emerged during December 2019 in Wuhan, China, has turned up in pandemic. According to World Health 

Organization (WHO) data, captured on 20th May 2021, it has taken >165 million people across the world in its grip, and has resulted in >3 million 

fatalities round the globe [6]. There are number of ways in which this virus can be transmitted from one person to another, viz. simply by touching, 

speaking, sneezing, coughing, and breathing. Single coughing or sneezing expels out thousands of micro-organisms, which causes the virus to be 

spread in the form of aerosol, which travels the respiratory tract to affect the human beings [7-12]. The crucial thing in this process is the spread of 

virus via tiny droplets till many feets and remains active and live for number of days, however depends upon the size of the droplet also. For 
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example larger droplets (>5μm) travels only up to <1 meter and remains in air for short time, while aerosolized droplets (<5μm) travel up to >1 

meter and can exist in air for relatively long duration (around 3 hours); duration of its existence also varies on various surfaces [5, 13-17]. 

 

Face-masks as preventive measure 

 

Prior to Covid-19 also, world has faced number of pandemics caused due to spread of viruses responsible for respiratory diseases; important ones 

being 2009 influenza, Ebola virus [18], avian influenza [19], and Middle East respiratory syndrome coronavirus (MERS-coronavirus) [20-21]. 

Pandemic strains generally have different transmission characteristics than seasonal strains, however both types vary with the age group involved 

too [22]. Controlling respiratory infections by using face- masks is a well-recognized measure. Masks prevent infection by trapping the moisture 

droplets coming out during speaking, sneezing and coughing [14, 23-24]. Use of masks is a subject of research on understanding the severity of 

transmission, especially when the transmission is observed to be air-borne; however the impact of implementing it as a preventive tool is quite 

visible in case of pandemic. Few countries have discouraged the use of face masks for the population, which has not been affected by Covid-19, 

however other countries encourage its usage [25-30]. Few reports state the recommendation of masks only in condition of illness, as its unnecessary 

usage creates a false sense of security in people, which increases the possibility of frequent touching of face and open areas of the body [26]. Team 

of researchers from Texas A&M University strongly recommends the use of masks in decreasing SARS- CoV-2 infection exponentially. Centre for 

Disease Control and Prevention (CDC) and World Health Organization (WHO) are also in complete agreement of this recommendation. 

  

Studies indicate the reduction in the number of infected people by adopting face covering, both by masks and shields, as the single protective 

measure. A recent study indicates that this measure could prove helpful in reducing the number of infections by >78,000 in Italy (from 6th April to 

9th May 2020) and by >66,000 in New York city (from 17th April to 9th May 2020) [31]. Another similar study shows the reduction of Covid-19 

cases between 2.3-13% over 10 days in Germany on making face-masks compulsory to put on [32]. 

 

Indeed, the face-masks are more effective, where it is used regularly as a part of their routines [23, 33]. This is known as public masking, and 

studies indicate its effectiveness in preventing the spread of corona infection exponentially [34-35]. Public masking has been a cultural practice only 

in few Nations earlier, such as Japan, where it originated when it struggled with Spanish flu outbreak in 1918. Wearing mask is considered as a 

sense of security there. Similar few other Asian countries, such as China and South Korea are in regular practice of face masking. Now, under the 

increasing impact of Covid-19, it has become popular among majority of areas in around the globe, however percentage population is varying from 

one Nation to other. For example, citizens in few countries are still using it to a very lower extent than expected, like France (34%), Canada (28%), 

Australia (21%), Germany 20%) and the United Kingdom (16%). On the other hand, in other countries, people are well aware and motivated to use 

mask for the protection of self and others, like Spain (62%), India (76%), Japan (77%), Italy (81%), China (83%), and Vietnam (91%). A sharp 

increase has been observed in the mask users in United States from 11% (12-14th March 2020 - 9-12th April 2020) to 50% [36]. There have been 

certain claims, which are probably responsible for the lesser extent of public masking: 

 

• Masks offer no protection to the wearer as masks are not the appropriate method to prevent the spread of SARS-CoV-2 virus, only 

N95 are the effective measures. 

• Masks may increase risk of infection as masks can become contaminated very quickly, and every time the wearer breathes in, they 

inhale contaminants. 

• Masks may harm the wearer as masks limit oxygen intake and increase carbon dioxide (CO2), and they increase the potential risk of 

CO2 poisoning. 

 

Moving with these claims, a question obviously arises in the minds of public: ‘should we wear mask or not?’ So, to answer this, Governments, 

medical associations, organizations and all the governing bodies at any level have designed policies for the use of face-mask. Complete ‘No’ is not 

feasible for face- masks in the situation of this pandemic, and even under spread of any such infection, but policies need to be followed with 

precautions recommended, detailed in upcoming section of this paper. 

 

Types of face-masks 

 

Variety of face-masks are being used by the end user, governed by various factors, including professional requirement, livelihood status, 

availability, etc. Surgical masks, non-fit-tested P2 masks,home-made masks, 3-layered mask, synthetic masks, etc. are more common types to be 

used for such purposes (Figure-1).  

 

N95 masks 

 

N95 (American standard; equivalent to FFP2 in Europe) is basically a respirator, inbuilt with the provision to filter out aerosols and foreign particles 

[11]. It is named so because it is designed to stop 95% small foreign particles to enter the nose and mouth, if fitted properly. These are made up of 

polypropylene and the filtration efficiency & breathing resistance of these masks are governed by strict regulations, which also involve the shape 

and formation of masks in such a way that these provide perfect fit to users’ face. Owing to the very small pore size, these masks are extremely 

efficient, and are highly recommended for healthcare workers [37, 38]. If applied for proper sterilization, this type of masks can be made reusable, 

which will help in reducing the scarcity of their availability [39]. 

 

Surgical masks 

 

Surgical masks are made up of polypropylene and largely used by medical practitioners, so are also referred to as ‘medical masks’. These are 

approved by the Food and Drug Administration (FDA) for being used in medical services and are relatively loose-fitting disposable masks. Being 

made up of polypropylene, these are efficient for preventing inhalation of larger droplets, however do not filter out airborne particles of sub-micron 

size [36, 40] produced via sneezing or coughing. Controversial statements have been found about the efficacy of surgical masks; at few places it has 

been reported to be sufficient enough, if used properly, while at few places, it has been quoted to around 90% efficient for stopping the transmission 

[27]. 
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 Cloth masks 

 

Cloth masks are simple and economic means of replacing N95 and surgical masks, which people can stich at their own also, thus are very common 

to be employed in developing countries. Originally, cloth masks were only used to protect HCWs from infections [41, 42], later on in around 19th 

century, these were replaced by surgical masks, and then by respirators [43]. Keeping in view the cost and availability of N95, surgical and other 

specified masks, use of simple and economic cloth masks is strongly recommended as a means of transmission control. Cloth masks are effective in 

stopping the infection [34-35], and it is interesting to know that these are proved to be more effective than N95 and surgical masks [14-15]. 

However, another study from Duke University states that N95 respirators are most effective followed by three-layered surgical masks and 

consequently cloth mask made of a combination of cotton and polypropylene [44], which find agreement with lot of other studies also. Cloth masks 

are generally multi-layered with fixed ear loops, and their filtration ability depends upon the type and layers of fabric fixed in it [45-47]. The 

filtration ability of cloth masks is governed by various parameters of cloth which is used to prepare masks, such as pore shape, pore size, pore 

number density and clearance [48]. Commonly available cloth masks display filtration rate of 49-86% for 0.02 μm exhaled particles [49]. Regular 

washing and drying also affects its filtration ability. Although evidences are reported, but the effectiveness of cloth masks is a subject of discussion 

as references also indicate about their in-suitability, which might be due to their continuous and repeated use without proper sterilization [50,51]. 

Due to increase moisture retention, virus may survive on the surface of masks, leading to self-contamination. A detailed study conducted by Mitze 

et al. (2020) on HCWs indicates that the rate of infection has been lowest while using medical masks while highest in case of cloth masks [32]. 

Perhaps, this is the reason why cloth masks have rarely been recommended in policy documents [41-42], and also have not been attempted for 

randomized clinical trials (RCTs) [50]. 

 

 
 

Figure-1: Different types of masks 

 

Worby and Chang (2020) [52] studied the effect of face mask distribution and usage to understand its role in reducing the number of infections and 

deaths due to Covid, optimizing distribution in resource- limited setting, and role of demand and dynamic supply of face masks. They established 

two models for this purpose: (1) ‘reuse allocation model’, in which limited number of masks could be distributed among people, and (2) ‘supply and 

demand model’, in which mask production rate and its dynamic supply was captured (figure-2). Applying various strategies of distributing the 

masks to the infected population, they observed that (1) targeted distribution of masks in limited resource could decrease the death rate, (2) optimal 

distribution helps in controlling the situation to a better level, (3) panic buying increases illness, and (4) universal face covering in public is helpful 

in reducing the number of infected cases to a greater extent. 

 

 
 

 

Figure-2: Models established by Worby and Chang [52] 

 

Covid pandemic has impacted disposable face mask market to an unexpected extent. The 3M Company (US), Honeywell International Inc. (US), 

Kimberly-Clark (US), Owens & Minor, Inc. (US), and Cardinal Health, Inc. (US) are few key market players leading the face mask industry. 

Recently, in August 2020, Honeywell International Inc. (US) has established Fulgaon manufacturing facility at Pune (India) for the production ~2 

million disposable face masks/ month. The global market size for disposable face masks has exceeded USD 74.90 billion in 1st quarter of 2020, and 

is expected to increase at a compound annual growth rate (CAGR) of 53% till 2027 (figure-3) [53]. 
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Figure-3: Market consumption of face masks (2016-2027) 

 

Source: http://www.grandviewresearch.com/ 

 

Handling of face masks 

 

Number of measures are being recommended and taken all over the world to minimize the number of people affected from it, which includes social 

distancing, sanitizers, isolation, face-masks, face shields, PPE kits, etc. Social distancing, sanitizers and isolation decreases direct contact, but is not 

able to prevent air borne transmission. On the other hand, face covering is quite effective in preventing air borne transmission also by blocking the 

shedding and spreading of sneezing/ coughing droplets. An important concern is regarding wearing the mask properly; as many a times it is possible 

that infection, accumulated on the outer surface of mask, in the form of bacteria or virus, can be transferred to hands, which can become its carrier 

to mouth or eyes, and finally inside the body [54,55]. Proper donning and removal of face mask is important for providing effective protection to the 

user [56]: 

 

• Performing hand hygiene before wearing and removing the mask. 

• Choosing appropriate size of mask. 

• Touching only the elastic bands while using it. 

• Avoiding touching the mask, once it is properly fit at mouth and nose. 

• In case mask becomes wet or dirty, change it with the clean one. 

• Keep the dirty/ wet mask in a sealable bag till it is not washed. 

• Removal of mask should be chin upwards. 

• Folding the mask half inward after taking off, and then again folding it half inward to make its roll before disposing off. 

• Disposing the mask properly in plastic/ paper bag in covered bin. 

 

Mask should be perfectly fit at the face and should have no openings from the sides; else instead of decrease, an increase in spread of respiratory 

infection can also be there [57, 58]. Masks should be washed daily, preferably in hot water. Other methods for cleaning the masks include the use of 

isopropyl alcohol or hydrogen peroxide, and bleach. Exposure to ultraviolet (UV) radiations, dry heat, microwave and autoclave helps in sterilizing 

the masks [59]. 

 

Efficacy of face coverings: Side effects of using face coverings 

 

Utilizing face-masks and coverings does not need any proof as these are in continued use for centuries by medical practitioners and scientists in 

sophisticated labs [8-63]. They are safe to use, however certain side effects also remain associated with it [64-66]. The side effects associated with 

the use of face masks vary in the severity of problem. This includes discomfort, rashes, skin irritation, headache, etc. [67]. Headache is more 

common in case of donning N95 [68]. The discomfort and its intensity in the users is due to varied reasons, such as physical exertion, environmental 

factors (temperature, ventilation, size of residing area), and the proper size of mask. It also depends upon the individual daily accessories, like, eye 

glasses, and facial structure as well. Situation is more difficult for the patients experiencing acute pre-existing renal disease, as wearing N95 for 

long time may result in breathing difficulty in them [69]. 

 

For patients with chronic obstructive pulmonary disease (COPD), breathing becomes difficult in the presence of mask; also it causes exhaled carbon 

dioxide to be inhaled again. These factors increase the frequency and deepness of breathing [70]. In continuation to above, persons with physical 

disabilities are not advised to use face-masks as they cannot adjust their mask [24]; also people with respiratory diseases and the children below age 

of 2 years should not use mask [69]. Li et al. has deeply investigated the impact of wearing surgical and N95 masks on the health of the subjects 

under investigation [71]. As a result of their experiments, they concluded that both surgical and N95 masks induce different temperature and 

humidity in the microclimates of face masks, which caused profound effects on heart rates and thermal stress of the patient. Variation in temperature 

inside the face mask creates local thermal stimulus to the skin around the mouth, nose and cheeks. This causes heat exchanges from the respiratory 

tract [72], creating breathing resistances. Due to shortage of oxygen, sympathetic nervous system and increased heart rate is experienced [73]. Ill 

effects on the physiology of body, such as breathing resistance, itching, fatigue, discomfort, etc. is even more prominent in N95 as compared to 

surgical masks [74]. Effect of donning the masks on health of a person has been studied by several other workers also [75-78]. Presence of exhaust 

valve has been recommended to be effective in reducing the temperature and humidity inside the mask, accelerating dry and wet heat loss through 

the nose [79]. Other common problems observed are headaches, acne, and change in skin pigments, dryness and rashes on skin, causing irritation 

[80]. 

  

Certain common behavioural measures have been suggested to prevent from the side effects caused by wearing face-masks. Drinking plenty of 

water, eating fresh vegetables and fruits is common prevention. Using moisturiser, body wash and cream can be helpful in overcoming skin 

problems. Anti-fungal dusting powders are useful in preventing fungal infection caused. Along with this, breathing protocol, as recommended by 

PN Medicals, should be adopted while wearing face-mask. This includes performing five quality breaths prior to putting on mask, immediately after 

putting it on and when it is removed. Quality breath is referred to as four seconds of breathing in through the nose, six seconds of exhaling through 

the mouth and pausing two seconds before repeating. This helps in preventing dysfunctional breathing pattern. Longer and slower breaths should be 

practised while wearing a mask. Respiratory Muscle Training (RMT) should be practized for five minutes in the morning and five minutes in the 

http://www.grandviewresearch.com/


18 

 Shailey Singhal, et al 

 

Der Pharma Chemica, 2021, 13(7): 14-22 

4024445444 

 
evening using a clinically proven device such as The Breather by PN Medical. 

 

Disposal/ Recycling of used masks 

 

Despite of advantage of using face masks in preventing respiratory diseases, used masks are treated as medical waste and as per guidelines issued by 

Government. Disposed masks pose potential social and environmental risks, and need careful disposal in a rubbish bag (zip-locked bag), which in 

turn should be kept in another rubbish bag, tied it properly, and should be kept separate from other waste; else, there is a possibility of their re-use or 

recycling after picking up back. In any case, it should not be thrown open at road sides or in dust bins. Although this method of disposal simply 

leads to the increasing the pile in dumping area. The important thing is that disposable masks come under the category of one- time used plastic, 

which is a menace to the environment. Currently millions of contaminated non- recyclable masks are dumped as the irreversible infectious waste, 

affecting environment and human health in a devastating manner. Sangkham (2020) [81] utilized following equation as suggested by Nzediegwu 

and Chang [82] for the estimation of face mask consumption by people in Asian region: 

 

              
    
    

 

 

Where,  

 

DFM: Daily face mask use (piece) 

P: Population of people 

Up: % of urban population 

FMAR: Face masks acceptance rate (80%) 

FMGP: Assumption that each person under observation uses one face mask per day [83] 

 

He evaluated the scenario of 49 Asian countries and estimated that a total of 2,228,170,832 face masks were used and thrown in all the selected 

countries. Details of few countries with disposal guidelines are presented in table-1. Zone-wise disposal of face-masks in Asia is represented in 

figure-4 [81]. The estimation was based upon the total population, percentage of urban population, percentage of face mask acceptance rate, and 

daily face mask consumption per person (assumed to be one). 

 

Table-1: Face masks disposed off in various countries and preventive guidelines 

Country 
Total 

population 

Urban 

population 

Number of 

Covid cases 

Number of 

face masks 

used/ day 

Recommended disposed face mask 

management 
Reference 

China       1,439,323,776                86 84,292 989,103,299 

Collection in special trash cans/ plastic 

wrapping before disposal 

Medical masks used by healthy people to be 

disposed off with domestic waste Special 

masks and gloves to be used by sanitation 

workers while disposing garbage bags, 

disinfecting bins, and keeping garbage bags 

in collection vehicle 

Vehicles need to be sealed and sterilized 

before entering and leaving a community [84-85] 

India 

 

      1,381,085,714 35 1,643,416 381,179,657 

To wrap used masks in paper bag for 72 

hrs before disposal 

To be strapped into pieces before disposal 

To disinfect the masks with 5% bleach 

solution or 1% hypo solution, followed by 

incineration by Greater Chennai 

Corporation (GCC) [86] 

South 

Korea 51,272,891 36 14,305 14,561,501 

To dispose in garbage bag labelled ‘Waste 

for incineration’ and ‘Waste bag for 

landfill’ 

Segregation by volume-based waste fee 

(VBWF) system before transportation to 

recycling facilities 

Incineration of disposal in landfills without 

recycling [87] 

Thailand 69,814,554 18 3,310 10,220,851 

Placement of special red bins labelled ‘For 

used face mask only’ in highly visible areas 

by Bangkok Metropolitan Administration 

(BMA) 

To keep in Ziploc bags by household before 

disposal in red bins 

To keep special bins in waste collection 

vehicles 

To label the bag with ‘HW’ in case red bins [88-90] 
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Figure-4: Zone-wise disposal of face masks in Asia [81] 

 

Countries generating so much high amount of face mask as medical waste should give a proper concern to its safe management, including 

collection, transportation, segregation, pre-treatment, storage, and disposal. Few countries have issued guidelines for this purpose, concerning socio-

economic conditions and technologies available (table-1). Permanent solution to discard this kind of waste is to incinerate the used cloth mask, 

contaminated with infected droplets and germs in electrical incinerators available in market. This is a biologically safe process, where used masks 

are incinerated at 1100°C for 3 minutes [95-96]. 

 

Special consideration needs to be given to N95 and surgical masks, made up of polymeric propylene (PP)/ urethane (PU)/ esters. These come under 

the category of single used plastic, leading to severe environmental consequences. It is estimated that during the peak of Covid in Wuhan alone, 

>240 tons of medical waste was generated per day, including appreciable amount of face masks in it [97]. Recent studies estimate that 129 billion 

face masks are thrown in garbage globally every month, most of which are made from plastic microfibres [98-99]. Being contaminated with micro-

sized germ particles, these are even more dangerous than regular plastic waste. 

 

It is well explored that these polymeric materials, especially polypropylene cannot be decomposed easily due to high hydrophobicity, high 

molecular weight, no functional group at the surface. These properties simply cause its accumulation in the environment, which causes the gradual 

generation of large number of nano-sized polypropylene particles (<1mm) due to in-situ weathering [100]. 

 

A scientific and feasible solution is necessary to address the waste generated by disposal of polymer based face masks. These can be subjected to 

thermal cracking and pyrolysis under controlled conditions, which converts this material to liquid hydrocarbons with preponderance in gasoline to 

diesel range hydrocarbons and other petrochemicals of industrial significance (figure-5) [101-110]. 

 

 
 

are not available around Incineration at 

specialist facilities in 

Nong Khaem and On Nut 

Taiwan 23,820,377 37 467 7,050,832 

Folding mask in half with contaminated 

side inwards in case of reusing the mask 

Lidded trash can to be used for disposal 

Mandatory wearing of face mask in public 

Fine of 122 USD for improper disposal 

under The Waste Disposal Act by 

Environmental Protection Administration [91-92] 

Malaysia 32,398,441 27 8,964 7,049,901 

Hygienic disposal by folding the mask with 

contaminated part inwards, rolling it up, 

wrapping in plastic and placing in rubbish 

before disposal collection by 

Kepong MP Lim Eng. [93] 

Singapore 5,854,053 93 51,809 4,364,782 

To be treated as ordinary non- contaminated 

municipal waste 

Disposal in residential and public areas [94] 
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Figure-5: Possible thermochemical conversion of waste face masks [110] 

 

Supercritical water depolymerisation can be a suitable choice for managing polyolefin waste, as it is carried out under moderate temperature/ 

pressure without utilizing any catalyst, and generate high quality products. Recently, Chen et al. [111] have converted polypropylene to gasoline 

range hydrocarbon oil using supercritical water at 380-500°C for 0.5-6hrs at 23 MPa. The hydrocarbon oil obtained was comprising the calorific 

value 48-49MJ//kg. Thus, thermochemical conversion can be presented as sustainable solution for managing this menace after sterilization. 

 

CONCLUSION 

 

Due to contradictory reports and ambiguous guidelines, use of masks is a matter of discussion to be used in case of infectious diseases. Policy 

makers need to take decisions and issue guidelines for proper usage of face-masks clearly under varying conditions of infections. Guidelines are 

also required for production, distribution and sanitization procedures of masks for their effective usage for prescribed duration. Proper disposal of 

face-masks also needs concern and attention by Governments to allow its acceptance and implementation. Thermochemical conversion of face 

masks to liquid fuels and value added petrochemicals seems to be an effective and sustainable route to dispose off face-masks, while converting it to 

liquid fuels. This will not only manage the problem of waste management, but will also serve as an important step towards producing energy and 

securing the environment. 
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