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Abstract
Sanitization is a preventive and strategic method to contain the spread of SARS-CoV2. Since there is no foolproof method 
to tackle the present COVID-19 pandemic, sanitization has a central role to play. The present article briefly reviews various 
methods of sanitization for individuals, surfaces and ambience. The article reviews different approaches toward sanitization 
and examines the historicity of the methods employed.
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Introduction

On 11 February 2020, WHO announced the name of the 
new disease from the virus of Coronaviridae family in the 
Nidovirales order known as the “COVID-19”. The virus is 
named corona (Latin name crown) due to the presence of 
the crown-like structure on its outer surface (Shereen et al. 
2020). The symptoms of COVID-19 may include fever, 
coughing, shortness of breath, sure throat, runny nose, etc. 
Chamola et al. (2020) list the common symptoms. There 
are three different routes of the transmission of COVID-
19 viruses from the contagious person to a healthy person. 
These are the direct route, indirect contact, and airborne 
transmission (Fig. 1). Figure 1 lists the route of transmis-
sion and possible sanitization employed.The direct mode 
transmission implies the transfers of virus between infected 
and susceptible hosts via person-to-person contact. While 
the indirect mode of transmission indicates the transmission 
of the virus from the objects used by the infected person or 
the immediate environment of the infected individual (WHO 
2020a; Ong et al. 2020). The airborne transmission of the 

virus occurs through the droplet spray formed during natural 
human exhalation flows (Asadi et al. 2020).

Ordinary breathing and speech generate a large amount 
of potentially infectious aerosols (Asadi et al. 2020; Duguid 
1946; Papineni and Rosenthal 1997). The particle generated 
during human exhalation flows such as coughing, sneezing, 
and breathing are two-phase buoyant jet emerging from the 
mouth and/or nose (Mittal et al. 2020; Tang et al. 2013). 
Asadi et al. (2019) reported that the rate of particle emis-
sion during normal human speech is up to 50 particles/s. 
Further, the velocity, number, and size distribution of the 
infectious droplet play an important role in virus transmis-
sion. The number of particles and their velocity is a function 
of the different modes of breathing, speech loudness, sneez-
ing, and coughing (Mittal et al. 2020; Asadi et al. 2019). 
Natural human breathing and talking produce a jet velocity 
of 4.5 m/s (Tang et al. 2013). Han et al. (2013) determined 
the size distribution of sneeze droplets exhaled immedi-
ately at the mouth and observed that a sneeze produces an 
order of 104 droplets moving with an average velocity of 
20 m/s. Coughing produces 10–100 times lesser droplets 
than sneezing. The cough droplets travel with a lesser veloc-
ity of approximately 10 m/s (Asadi et al. 2019; Mittal et al. 
2020). The average diameter of a coronavirus is 65–125 nm 
(Shereen et al. 2020). The respiratory droplets are in the size 
of  > 5–10 μm (WHO 2020c), i.e., one small viral droplet 
carrier can hold around 77 Coronaviruses. Further, the rate 
of particle emerging during human exhalation flows would 
be around 77 × 50 ≈ 3850 viruses/s. These airborne viruses 
contaminate the ambience and settle on surfaces. Huang 
et al. (2020) explain how fomites formed from deposited 
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droplets are potentially infectious. The pathways for infec-
tion explained by Huang et al. (2020) creates a need for an 
understanding of the process of reducing the fomites and 
virus laden airborne droplets to break the spread of COVID-
19. Diwan et al. (2020) simulated dry cough and showed 
a drop in temperataure of cough-fluid along with a lateral 
spread of flow due to turbulent entrainment. Dbouk and Dri-
kakis (2020) used multiphase computational fluid dynamics 
to explain the airborne droplet transmission of viruses. They 
examined ambience contamination at different wind speeds 
by taking into account humidity, dispersion, phase change, 
and droplet interactions. Bhardwaj and Agrawal (2020) ana-
lysed the drying time of respiratory droplets from COVID-
19 infected subjects. Their work explains the relationship of 
evaporative rate of a droplet and the spread of COVID-19. 
This indirectly hints at the capacity of the infected surface in 
spreading the virus. Since salivary droplets take longer time 
to evaporate than water droplets—the works of Bhardwaj 
and Agrawal (2020) and Dbouk and Drikakis (2020) cau-
tion about the viral spread from droplet bearing ambience 
and surfaces.

At present, there are no vaccines available and it is of 
utmost importance to curb the deadly coronavirus spread by 
prevention and protection itself. Although social distancing 
has contained the spread of virus as a passive mechanism, 
a pragmatic look at the method to contain the virus by dis-
infecting and deactivating it is necessary. Almost all areas 
of research have come forward on a war footing and con-
tributed towards the know-how to mitigate the spread and 
restore a regular life. By the time, vaccine is developed and 
distributed there is a need to protect ourselves and prevent 
the virus from further harming people. Sanitization has so 
far played an important role in containing the spread and in 
restoring everyday life albeit on a smaller scale. The mecha-
nism involved in sanitization uses either one or both of these 
steps: (i) mechanical or thermal treatment and/or (ii) use of 
virucidal/anti-microbial agents to decontaminate the body 
part, object or surfaces. The overall sanitizing action is to 
weaken the virus by depleting the lipid membrane using a 
disinfectant and remove it from the surface.

We briefly review the existing measures of sanitizing 
individuals, objects and spaces to inhibit the virus’s life and 
to stop/break the spread of viruses. Figure 1 explains the 
transmission routes along with the categories of sanitization. 
Figure 2 gives a detailed list of methods used for sanitiza-
tion and disinfection of COVID-19 infected people, objects 
and spaces.

In the following section, we review the different catego-
ries of sanitization and stress on the developments done so 
far. We propose the possible methods of improvement and 
acknowledge the harm of obsessive use of any particular 
sanitization process.

Individual Sanitization

Sanitization is a pragmatic approach to tackle the issues 
associated with infection and contamination. The crucial 
requirement of sanitization in recent pandemic paves an 
area of active research to cater to any health crisis in the 
future spread of unpredictable disease(s). Sanitization as an 
area of interdisciplinary research needs a central focus in the 
longer run. One should address the community level spread 
of disease at individual scales before handling it on a social 
scale. Individual sanitization helps in reducing the mammoth 
spread of virus and prevents it from taking a colossal shape 
for the society as a whole. Crowd is made of individuals 
who are a part of a crowd, so it is incumbent on every indi-
vidual to act for the benefit of the larger group. Masks and 
etiquettes of sneezing have largely been promoted since the 
outbreak of a pandemic. Different regulatory bodies have 
also stressed the central role of hand sanitization.

Hand Sanitization

For the disinfection of the hand, alcohol-based hand rub or 
soap with water are preferred (WHO 2020b). The alcohol-
based hand rubs are mainly formulated with ethanol, pro-
pan-2-ol or propan-1-ol. Some of the hand sanitizers also 
contain additional chemicals such as triclosan, chlorhexidine 

Fig. 1   Routes of COVID 19 
transmission and their mode of 
sanitization
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digluconate, benzalkonium chloride, polyhexanide, hydro-
gen peroxide, DDAC, peracetic acid, and/or octenidine 
dihydrochloride (Kampf 2018). Alcohol based hand rubs 
inactivate the virus (Kratzel et al. 2020). Hand wash con-
taining 62–70% alcohol has been found to be effective in 
inactivating avian flu influenza A H5NI virus (Bondi et al. 
2007). Pradhan et al. (2020) suggests some commercially 
available sanitizers and provides details about their chemi-
cal constituents. However, there are the localities lacking 
alcohol-based sanitizer or water and soap facilities. It is the 
usual practice of using ash, mud, and or rubbing of hand on 
the ground in rural areas of the Indian subcontinent (Hoque 
and Briend 1991). A survey in Kolkata India reported that 
41% of slum residents and 26% of rural villagers use ash for 
hand washing (Anuradha et al. 1999; Ray et al. 2006).

Mathur (2011) explains the importance of hand hygiene 
and elaborates the methods for hand washing. Mathur 
(2011) has recommended rinsing of hand with water, lath-
ering with soap and then washing with running water fol-
lowed by drying with single use towel or hot air blower. 
Miller et al. (2011) studied the effects of wash time, friction 
and soap on hand sanitization and concluded that washing 
ones hand running water with friction for 20 s is effective 
with marginal improvement on using soap. In the process 
of hand sanitization, mechanical removal is followed by 
disinfection using sanitizing agents. The sanitizing agents 
like alcohol and soap inactivate the virus by destroying the 
lipid membrane and exposing the intracellular content (Jing 
et al. 2020). Jing et al. (2020) have listed five different types 
of hand sanitizers: (i) gel, (ii) foam, (iii) cream, (iv) spray 
and (v) wipes. They explain the mechanism of inactivation 
of the viruses and bacteria using sanitizers and highlight the 
adverse effect of excessive use on the epidermis. Contact 
dermatitis and deterioration of lipid barriers of the skin are 

serious concern of excessive use of sanitizers. Emami et al. 
(2020) too explains the problematic effects of non-standard 
formulas for alcohol based hand sanitizers in causing skin 
dryness and irritation. Overuse of surfactants and soaps too 
harm the epidermis by negatively affecting the lipids, pro-
teins and keratin composition.

Hoque and Briend (1991) analyse the efficacy of different 
hand washing using ash, soap, mud, or plain water. They 
found that mud and ash are even more efficient than soap. In 
addition, there are the studies suggesting that the soil and ash 
may be used as hand disinfectants (Pittet et al. 2009; WHO 
2020b). Bloomfield and Nath (2009) reviews the efficacy 
of mud and ash in removing the pathogens. Hand hygiene 
is a product of proper mechanism of hand washing, which 
include removal of microbes using soap or other materi-
als, rubbing to remove dislodge the microbes, use of clean 
water for rinsing and drying. The efficacy of mud is directly 
dependent on the cleanness and dryness of the soil used for 
washing and the mechanical action of rubbing during hand 
washing. The obvious drawbacks for mud is that contami-
nated mud can transmit many other forms of disease.

Baker et al. (2014) tested the role of pH value of ash and 
water slurry and found that preparing the ash and water slur-
ries increases the pH value, which inactivates the pathogens. 
Alternate non-alcohol based hand sanitization is important 
for patients undergoing alcohol treatment. De Sousa (2020) 
presented a case of 43 years old (on abstinence using 250 mg 
of disulfiram per day) who experienced Disulfiram Ethanol 
Reaction (DER) due to excessive exposure to alcohol based 
sanitizers. Although the allergic reaction was due to inhaled 
alcohol, the medical case hints at the damage excessive use 
can cause especially in a confined and poorly ventilated 
space (Huynh-Delerme et al. 2012; Brewer and Streel 2020). 
Hand sanitization and other modes of sanitization that use 

Fig. 2   Categories of sanitiza-
tion to contain the spread of 
COVID 19



620	 Transactions of the Indian National Academy of Engineering (2020) 5:617–627

123

surfactants and disinfectants are bound to create a sludge 
of surfactant overload on the water bodies. Earlier work by 
Lewis (1991) has reviewed the effect of surfactant toxicity 
on aquatic animals. Xue et al. (2012) investigated the toxic 
effect of surfactant and disinfectant on rats and explained 
how the lungs and kidneys are vulnerable organs.

Oral Precautions

With masks, being a mandatory precaution during this 
pandemic active sanitization of inspired and expired air is 
required. Huang et al. (2020) suggested chemical modulation 
of respiratory exhales to impregnate the virion-laden drop-
lets with anti-viral/sanitizing molecules. Panda et al. (2020) 
propose a modified anatomical facemask that clubs heat and 
moisture exchanger bacterial/viral filter (HME + bv) with the 
anatomical face mask. Anitviral and virucidal tendencies 
of fatty acids and lipids against viruses (Hilmarson et al. 
2007) have been an area of research which seems to provide 
tangible protective measures against COVID-19 (Park and 
Gallagher 2017; Ghaffari et al. 2020). Dayrit and Newport 
(2020) have suggested the antiviral characteristic of Lauric 
acid found in coconut oil as a safeguard against the virus. 
Ministry of AYUSH, Government of India (2020), suggests 
nasal applications of coconut oil as a protective measure. 
Although the claim is traditional and untested, the science 
in support of antiviral nature of fatty oils can be used as a 
prop of AYUSH’s suggestion as an added protective measure 
along with facemasks. The traditional practice of oil pulling 
too can be used alongside masks to capitalise on the viru-
cidal ability of fatty acid.

Alongside the proposed active sanitization of breath 
flows regular cleaning and disinfection of masks is impor-
tant. Cloth facemasks can be detergent washed and cleaned. 
Special masks need care and disinfection using one or many 
methods listed under different headings below. N95 masks 
have found wide use as medical masks and they need regu-
lar disinfection and decontamination. Mackenzie (2020) 
proposes the following methods to disinfect and reuse N95 
masks: (i) ultraviolet irradiation, (ii) fumigation, (iii) hot 
water heating, (iv) steaming and (v) baking. Microwave, 
alcohol and bleach destroys the effectiveness of N95 masks. 
Saini et al. (2020) has developed a vaporised hydrogen per-
oxide based decontamination method for PPE, coveralls 
and N-95 masks. It has been shown using scanning electron 
microscopy (SEM) that the treatment alters neither the per-
meability nor the fibre thickness. Li et al. (2020a, b) pro-
posed steam treatment of surgical and N95 masks. Ji et al. 
(2020) lists the treatment level required to get acceptable 
filtration and antimicrobial performance for various methods 
of decontamination of masks. Vaporised hydrogen peroxide 
requires around 10–30 min, microwave generated steam (for 
microwave models: 1100–1250 W) needs 2 min, microwave 

steam bags (for microwave model: 1100 W with 60 mL tap 
water in the bags) needs 90 s and moist heat incubation 
needs treatment for 15–30 min at 60 °C. Rubio-Romero et al. 
(2020) too have reported vaporised hydrogen peroxide, ultra-
violet radiation, moist and dry heat to be effective. Zulauf 
et al. (2020) have proposed use of microwave-generated 
steam to decontaminate N95 masks using commonly avail-
able materials like glass container, commercial mesh bag, 
rubber band a 1100 W commercially available microwave. 
They have established that the process of decontamination 
retains the respirator fit and function.

The methods established for sanitizing facemasks, need 
an optimal operation. Over exposure of any of the above-
mentioned processes, will deteriorate the filtration function 
and fitness of the masks.

Space Sanitization

Sanitization for surfaces and for ambience can tackle the 
spread of COVID-19 virus in professional and domestic 
spaces. The following sections briefly review the required 
sanitization process.

Surface Treatment

A spray of respiratory droplets from an infected individual 
may also land on surfaces where the virus could remain 
viable and can serve as a source of transmission (WHO 
2020a; b, c). The study by Kampf et al. (2020) shows that 
viruses can persist on surfaces from 2 h to 9 days. The sur-
vival time depends on the type of surface, relative humid-
ity, temperature, and the strain of the virus (WHO 2020b; 
Dbouk and Drikakis 2020). Doremalen et al. (2020) deter-
mined the stability of the COVID-19 virus and their decay 
rate on different surfaces (plastics, stainless steel, copper, 
and cardboard). They reported that viruses on plastics and 
stainless surfaces could be viable for up to 72 h. While, on 
copper and cardboard surface, the virus is less stable and can 
survive only for 4 h and 24 h, respectively. Furthermore, the 
same study reported that the virus titer reduces with time. 
Kampf et al. (2020) have reported the persistence of vari-
ous stains of viruses on a different type of intimate surface. 
These surfaces infected with viruses are fomites and provide 
the indirect route of transmission.

The contaminated surfaces can be decontaminated within 
a minute using common surface disinfection procedures with 
62–71% ethanol, 0.5% hydrogen peroxide, or 0.1% sodium 
hypochlorite (WHO 2020b; Kampf et al. 2020). Further, 
the same study explains that the degree of effectiveness of 
all the surface disinfect is dependent on their concentration 
and exposure time. Therefore, it is imperative to clean the 
surface with soap and water before applying any surface 
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disinfectant. In a review on intervention to prevent COVID-
19 Pradhan et al. (2020), provide the ‘list N’ based disin-
fectants as per the United States Environmental Protection 
Agency (USEPA). Although the disinfectants have not been 
specifically tested for COVID-19, USEPA expects them 
to be effective based on their demonstrated performance 
against other hard to kill viruses. Doremalen et al. (2020) 
reported that the half-life of SARs-COV 2 on stainless steel 
was 5.6 h and it was 6.8 h on plastic. The half-life is lesser 
on copper surfaces, indicating that in the long run copperi-
zation and copper plating to be a safer alternative for metal 
surfaces of daily use. The following methods can be adopted 
for sanitizing surfaces: (i) mops, (ii) sprays and (iii) UV Led 
based treatment.

Wet Mops

Chemical disinfectants applied to floors, doorknobs, table 
surfaces and surfaces in domestic and office use can be used 
to deactivate the corona spread. The measure to contain the 
spread of virus needs application of a fluid layer that has dis-
infectant added to it. One can wash the surfaces with water, 
soap and/or USEPA identified disinfectants. The film formed 
after washing would be thicker because water spreads 
and attains thickness according to the capillary length (a 
= 
√

(�∕�g) where � is surface tension and ρ is the density of 
water), since beyond this the gravity effect helps in spread-
ing the fluid over the surface (De Gennes et al. 2013). For 
water air interface, the capillary length is 2.71 mm, which 
is much larger than the size of one virus (~ nm). One can 
use mopping to uniformly spread the water-disinfectant fluid 
mixture. Using a mop one can shear the fluid in a thin film 
(~μm); this will have dual effect of reducing the envelope 
of water around the corona virus and at the same time cre-
ate a film of disinfectant on the surface being sanitised. The 
process will even lead to an increase in the evaporation rate 
since the fluid film will evaporate faster than the fluid layer. 
So mopping is an efficient sanitization mechanism. Andersen 
et al. (2009) compared the effectiveness of (i) dry, (ii) spray, 
(iii) moist and (iv) wet mopping, in removing organic mate-
rials from hospital room floors. Wet and moist mopping out 
performed all other methods. Wet mops moistened with dis-
infectants perform the dual role of mechanical removal and 
disinfection due to inactivation of the virus. Untreated sani-
tizing fluid and wet mops can be a counterproductive method 
of sanitization, since the used mop will become an active 
carrier of pathogens. Westwood et al. (1971) recommended 
regular laundering and drying of wet mops for proper decon-
tamination. The process also helps avoid overuse of disin-
fectants for sanitization. Overuse of disinfectants can harm 
the environment, besides having other drawbacks mentioned 
earlier in section “Hand Sanitization”.

Jets and Sprays

Surfaces that are not accessible for mopping can be cleaned 
using jets and sprays. An aerosol created using disinfect-
ant and the base fluid combination can be used to spray the 
inaccessible areas. The nanometer-sized corona embedded 
in micron sized cough droplets can easily reach inaccessi-
ble areas when an infected person coughs or sneezes. So a 
proper use of spray and jet should be employed to disinfect 
such inaccessible surfaces. Misters and wide-angle noz-
zles used in aeroponics can be employed for spray forma-
tion. Still, the spread of the sessile droplets on the surface 
will heavily depend on the coagulation of droplets and the 
curvature of the surface. Schneiderman and Cartee (2020) 
suggest a two-step method of disinfection: cleaning the sur-
face followed by spray. Better disinfection is obtained when 
large dust particles on the surfaces are removed using wipes 
or detergent followed by spraying of EPA-registered disin-
fectant. Cadnum et al. (2015) have demonstrated the use of 
1.4% improved hydrogen peroxide spray for soft surfaces 
and inaccessible parts to reduce contamination. The process 
does not need any mechanical wiping.

UV LED‑Based Treatment

As explained earlier for disinfecting N95 masks (Mackenzie 
2020) ultraviolent irradiation is an option to disinfect and 
decontaminate surfaces and inanimate objects, like clothes, 
utensils, medical instruments. Tseng and Li (2007) demon-
strated the susceptibility of SARS-CoV at various relative 
humidity. The effect of ultraviolet germicidal irradiation to 
inactivate surface viruses were demonstrated. Kim and Kang 
(2018) measured the effectiveness of UVC LED in inacti-
vating viruses. Moore in an article in ieeespectrum (dated 
16th April 2020) explains how UVC LED makers claim to 
eliminate corona virus using a 30 s dose from a 3 cm dis-
tance. Although the UVC LEDs are useful in decontaminat-
ing influenza viruses including the recent novel coronavirus, 
their effectiveness decreases with increasing relative humid-
ity (Tseng and Li 2007; McDevitt et al. 2012).

Ambience Treatment

The contagiousness of COVID-19 is acute due to its long 
half-life and airborne spread. Exhaled breathe from infected 
person, cough, sneeze, etc., aid in infecting the air (Dbouk 
and Drikakis 2020). Li et al. (2020a, b) used airflow simula-
tions to establish the evidence of probable aerosol transmis-
sion of SARS-CoV-2. This vulnerability of an ambience and 
associated likelihood of transmission of the virus by airborne 
route creates the necessity for ambience sanitization. On a 
colony or street level, infected areas and containment zone 
become difficult regions for human involved sanitization.
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The use of technology especially the newly evolving area 
of UAV is an apt alternative. Agriculture spraying drones can 
be used for the sanitization of public places (Fig. 3). It can 
carry upto16 litres spraying tank and can cover a 100,000 
square meter area (Singla 2020). Smaller ambience can be 
sanitised by (i) fogging, (ii) fumigation and (iii) ventilation 
and filtering of contaminated air. Treatment of an area using 
fogging and fumigation need proper ventilation as recom-
mended in the study of the aerodynamics of SARS-CoV-2 
in two Wuhan hospitals (Liu et al. 2020). Similar environ-
mental contamination has been reported in two healthcare 
settings of South Korea (Ryu et al. 2020). USEPA does not 
recommend use of chemical disinfectants for fumigation and 
fogging unless the product label specifically permits such 
practice (FAQ-USEPA 2020).

Fumigation

Fumigants have been traditionally employed for a long time 
for their germicidal tendencies (Chen et al. 2013). Appen-
dix 3 of an edited volume on Anthrax for humans and ani-
mals (Turnbull 2008) explains the sporicidal tendencies 
of fumigants and provides details about the methods, dis-
infectants and safety measures for fumigation. Numerous 
research in the past have focused on the virucidal tendencies 
of fumigants.

Fumigation using ozone gas (Tanaka et al. 2009) and 
chlorine dioxide (Miura and Shibata 2010) have been found 
to be effective for the influenza virus. Human noroviruses 
(HuNoV) which also transmits through human contact and 
contaminated surfaces can be disinfected using hydrogen 

peroxide fumigant (Zonta et al. 2016). Cha et al. (2016) 
tested the use of paraformaldehyde for highly pathogenic 
avian influenza (HPAI) virus as a fumigant to decontami-
nate surfaces in laboratory settings. Meszaros et al. (2005) 
recommends use of vaporised hydrogen peroxide (VHP) as 
a safer alternative than formaldehyde especially to decon-
taminate enclosed areas. McDonnell et al. (2007) used (i) 
dehumidification, (ii) conditioning, (iii) disinfection and (iv) 
aeration and ventilation as four stages of fumigation using 
VHP units. As mentioned earlier, Mackenzie (2020) explains 
the use of hydrogen peroxide as a fumigant to disinfect N95 
masks.

Since most of the fumigants proposed earlier are for 
closed room disinfection, fluid dynamical investigation 
can help model and design an efficient fumigation unit. 
Chayaprasert et al. (2010) provides a CFD based modelling 
approach for structural fumigation. Open-air fumigation of 
bigger areas are risk prone due to tangential toxicity of the 
disinfectants employed. If there is an alternate, safer and 
non-toxic fumigant, a full air fumigation can be employed 
using the concept proposed by Xu et al. (1997). Any fumiga-
tion method employs chemical disinfectant and has potential 
risk for people around. It is advisable to properly ventilate 
the ambience and renew the air before human use.

Fogging

The fogging device spray disinfectant mist of various par-
ticle sizes and disperse into the air as aerosol (fog). It can 
be used for both surface and ambience sanitization. The 
effectiveness of the generator depends on the particle size, 
humidity, and contact time of disinfectant (Burfoot et al. 
1999). Hoffmann et al. (2008) reported that the droplet 
size of the aerosol is one of the most significant factors that 
decide the success of spraying insecticide. The fogging tech-
nique is frequently used in agriculture for the application of 
pesticide (WHO 2003), mosquito control (Rose 2001), and 
the food industry (Burfoot et al. 1999). In addition, fogging 
is used for generating the seeding particles (sizes 0.2–5 μm) 
application in particle image velocimetry technique (Presser 
et al. 2006; Anufriev et al. 2013; van Hout et al. 2018).

The fogging technique is a rapid approach to control the 
outbreak of the infectious disease in epidemic situations and 
to control flying insect pests or vectors (WHO 2003). This 
technique requires the minimum exposure time to kill the 
insect or disease’s virus (Chung et al. 2001). However, it is 
an expensive method and may not be perfect for all situations 
(WHO 2003). Lal et al. (2020) suggested that sanitization 
of surface of OPD rooms through the fogging technique is 
not an effective method during the COVID-19 epidemic, 
as it does not properly clean the affected surface. During 
COVID-19 epidemic, it is used for the decontamination of 
the suspected area, which cannot be properly cleaned with 

Fig. 3   Application of drones for sanitization during COVID-19 pan-
demic (Singla 2020)
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mopping. According to Hoffmann et al. (2008), there are 
two types of ground or aerial sprayers: thermal and cold fog 
generators. Thermal fog requires a carrier fluid generally oil 
to dilute the concentration of insecticide. A hot gas heats 
the oil decreasing its viscosity which emerges from the fog 
generator’s nozzle as a vapour (Fig. 4a). Whereas spray from 
the cold fog is generated by mechanical means without using 
any heat source (WHO 2003) (Fig. 4b). The selection of 
the type of fog generator depends on the applications, such 
as type of space and accessibility of the target area (WHO 
2003). The size of the aerosol coming out from the nozzle 
should be in the range of 10–30 μm, which can remain in 
the atmosphere for a longer time (Himel 1971; WHO 2003; 
Hoffmann et al. 2008). Even with the limitations attached 
to fogging it is an alternative to disinfect closed ambience 
using approved disinfectants (FAQ-USEPA 2020).

Ventilation and Filtering Contaminated Air

Understanding the flow pattern in a building is an important 
necessity to manage the quality of indoor airs and to have 
an efficient exchange of air with the surroundings. The air 
flow inside, stratification and buoyancy induced due to tem-
perature define the driving mechanism for natural ventilation 
(Linden 1999). The case of infection due to aerosol transmit-
ted SARS-CoV2 in a restaurant (Li et al. 2020a, b) and two 
Wuhan hospitals (Liu et al. 2020) due to poor ventilation 
necessitate a need of proper ventilation with adequate air 
filtering. Villafruela et al. (2013) employed computational 
fluid dynamics to propose a design of ventilation system 
for isolation rooms. The relative location of air droplets 
and outlet was analysed. The overall study accounted for 
renewal of air, risk of airborne transmission and removal 

of contaminant. Novoselac and Srebric (2003) reported 
that the choice of ventilation strategy defined the correla-
tions between the removal of contaminant and air-exchange 
efficiency. Singh and Tripathi (2020) propose experimental 
and computational fluid dynamics models to establish an 
understanding for improved ventilation design for hospitals, 
isolation rooms and enclosed spaces. Better ventilation when 
combined with efficient filtering of air will help sanitize 
and improve the quality of air in living rooms and isolation 
rooms. USEPA too recommends the use of proper ventila-
tion and suggests the use of air purifiers and at the same 
time stresses their effectiveness only—“when used along 
with other best practices recommended by the Centers for 
Disease Control and Prevention”. Ultraviolet C treatment 
of air is another technique that can be used to decontami-
nate ambience. The characteristics employed is similar to the 
method stated earlier for surface treatment. McDevitt et al. 
(2012) proposed use of UV-C for air disinfection in public 
buildings and contain the spread of influenza virus in the air.

In addition to the sanitization processes listed above, 
public places have seen sprouting of sanitization chambers 
or disinfection tunnel. Although this is not a preferred pub-
lic space sanitization mode as explained by Biswal et al. 
(2020). The disinfection tunnel can be installed at crowded 
public places such as shopping malls, vegetable markets, 
hospitals, industry, etc. The entry of the people to the com-
mon place should be restricted through the tunnel only. The 
design of tunnel in such a way that it even allows a man 
ridded on two-wheelers. There are two type of tunnel has 
been developed (Biswal et al. 2020): (i) a static type tunnel 
in which person stays inside the tunnel for 10–15 min and 
a disinfectant sprayed from the nozzle, (ii) a dynamic type 
of disinfectant tunnel where individuals walk in 16–25 ft 

Fig. 4   Type of the fog generator (WHO 2003)
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long passage and disinfectant is sprayed throughout the path. 
The spray used in the tunnel is sodium hypochlorite solution 
(Biswal et al. 2020). Defence Research and Development 
Organisation (DRDO) laboratory developed ‘Personalised 
Sanitization Enclosure’ working with mist spray of chemical 
solution (DRDO 2020). Plast Grup, a Turkish firm modified 
a hotel shower system into a sanitization device (Dereagzi 
2020). The device named Ikarus uses chemical disinfect-
ants, ultraviolet cleaning and has in built body temperature 
detection unit using thermal camera. A report by Malaysian 
Health Technology Assessment Section (MaHTAS) under 
Ministry of Health (Malaysia) tabulates different types of 
sanitization chamber developed in Turkey, China, Indonesia, 
Thailand, Malayasia and India (MaHTAS 2020). This report 
did not find any evidence for the effectiveness of sanitiza-
tion tunnels. Biswal et al. (2020) warms against developing 
complacence and avoidance of other difficult and cumber-
some modes of sanitization especially due to excessive use 
of disinfection tunnel.

Object Sanitization

The genres of sanitization mentioned earlier can be directly 
and/or indirectly applied for object sanitization. Ultravio-
lent irradiation and cleaning of surfaces using approved 
disinfectants are crucial modes of sanitization of objects in 
domestic and office spaces. Marinella (2020) proposes the 
use of alcohol wipes to disinfect stethoscopes. Similarly, 
alcohol based soap/detergent wipes can be used to clean 
tables, computers and other inanimate objects. Clothes can 
be sanitized by proper wash. Vegetables and fruits can be 
sanitized using water, although alcohol based vegetable 
wash are becoming news too. So far, there is no conclusive 
proof of their added effectiveness over normal wash of veg-
etables and fruits using water. As explained in the section on 
hand washing, rubbing is an effective mode of cleaning due 
to which the pathogens are dislodged and later soap brings 
out minimal improvement (Miller et al. 2011). Similarly, 
vegetables are decontaminated by rubbing properly under 
running water tap. The process will use the frictional mode 
of dislodging any contamination and running tap water will 
remove it from the surface. The drawback is, this process 
removes any viral trace from the vegetable and fruit peel but 
does not inactivate it.

Conclusion

The centrality of sanitization as a means of controlling the 
spread of pandemic is established when we evaluate the 
methods of sanitization employed to contain the COVID-
19 pandemic. The categorisation of sanitization depends on 

the routes of infection. Three possible routes of infection 
(i) direct, (ii) indirect and (iii) airborne transmission have 
been identified as the cause of spread of this pandemic. Indi-
vidual, object and space sanitization are needed to contain 
the spread of COVID-19. The end goal of any sanitization 
process is to remove the virus and inactivate it. Mechanical 
removal, thermal treatment and chemical disinfection are 
used in isolation or in combination in the listed categories of 
sanitization. On an individual level, hand washing and oral 
hygiene are highly recommended. Hand washing employs 
rubbing of hands and use of mud, ash, soaps or alcohol 
based hand sanitizer. Masks have become an inalienable part 
of attire to stop the spread of virus and sanitization of masks 
has become a scientific concern. Heat treatment like baking, 
microwave steam heating; UV irradiation and chemical treat-
ment using vaporised hydrogen peroxide, ozone gas have 
been recommended. Spaces and objects can be disinfected 
using mops/wipes, jets and sprays, UVC irradiation, fogging 
and fumigation. Ventilation and filtering of contaminated 
air is an important means of sanitizing high-risk zones like 
hospitals and restaurants.

Since the majority of the processes come with added risks 
to health due to chemical or radiation overuse, a balanced 
and non-obsessive sanitization behaviour is recommended. 
Sanitization based research is a void where technologies 
and research other than those focused on chemical disinfect-
ants can play a crucial role. Fluid dynamics (Bhardwaj and 
Agrawal 2020), LEDs (Tseng and Li 2007; McDevitt et al. 
2012), surface treatment using carbon nanotubes (Kashyap 
and Saha 2020), nanocarbons like activated fullerene (Sid-
diquie et al. 2020) and TiO2 nanoparticles hydrophobic coat-
ing (Mahapatra et al. 2020) along with many more strands of 
science need to focus and contribute to an area as common 
as sanitization.
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