Journal of the Iranian Chemical Society (2022) 19:203-210
https://doi.org/10.1007/s13738-021-02299-5

ORIGINAL PAPER q

Check for
updates

Vital role of water in longevity of SARS-CoV-2 and enhancing its
binding with human cells

Gholamabbas Parsafar' @ - Vinay Reddy?

Received: 14 December 2020 / Accepted: 29 May 2021 / Published online: 4 June 2021
© Iranian Chemical Society 2021

Abstract

Based on our present knowledge on SARS-CoV-2 virus, which is collectively summarized in this work, it is shown that water
plays a crucial role in stabilizing the virus, in such a way that its viability may reduce from a few days to a few seconds in
the absence of water layer. Water not only provides a protective shell for the virus in which it is enveloped, but enhances its
binding with the human cell. Therefore, one may conclude that the dehydration of the hydrated virus makes it much more
vulnerable, due to the fact that if it is exposed to many chemicals it will be deactivated; even by particles in air, such as ozone,
singlet oxygen and pollutants. Thermodynamically, the dehydration may be facilitated at higher temperature, low humidity,
and exposure to deliquescent materials. We have concluded that if the contaminated air passes over or through some water
absorbents, like calcium chloride, with enough time contact, the virus is expected to become dehydrated and deactivated
shortly afterward. If the time contact is not enough for the deactivation, the air may be exposed to the blue or UVC lights as

well. The conclusion is based on the hydrated—dehydrated equilibrium of the coronavirus introduced in this work.
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Introduction

SARS-CoV-2, more commonly known as the Coronavirus
(shown in Fig. 1), is a virus that originated in Wuhan, China
in late 2019 [1]. In the past there have been other strands of
the virus such as SARS-CoV and MERS-CoV. SARS-CoV
originated in China in 2003 while MERS-CoV originated in
the Middle East in 2012 [2, 3]. After 2-3 months in China,
it spread throughout the whole world.

SARS-CoV-2, which will also be referred to as the virus
hereafter, is an airborne, single stranded RNA virus that
infects people by physical or airborne contact in the vicinity
of the CoV-19 patient. There are 7 different Coronaviruses,
of which 3 of them are deadly. Those three are the MERS-
CoV, SARS-CoV-2 and SARS-CoV [4]. The 4 non-lethal
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viruses are 229E, NL63, OC43, and HKU1 [5]. In this paper,
the focus will be on the SARS-CoV-2 and Covid-19 disease.
The virus is encapsulated in the particles from mucus or spit.
Normally, the transmission of droplets contaminated with
the virus happens when a person speaks, coughs, or sneezes,
because the droplets are sprayed in the area. The size of 95%
droplets is between 1 and 100 pm depending on the droplets
from a person’s cough or voice. Most of the droplets ranged
from 4 to 8 pm [6]. However, it is estimated from a study on
SARS-CoV that a droplet is less than 20 pm and that value
continually decreases due to detachment of water molecules
[7]. In cases of direct transmission, contact with an infected
person or surface can cause the secretion of fomites which
leads to the virus infecting another person [8]. The virus can
also be self-transmitted by contaminated fomites. One of the
most common transmission types is poor hygiene or touch-
ing of the face with a contaminated surface [9]. Another way
of transmission is through feces.

In fact the recent investigations show that a significant
number of infected patients with the virus are accompanied
by persistent shedding of virus RNA in their feces. The
presence of SARS-CoV-2 in feces raises the potential of
survey for virus RNA to inform epidemiological monitor-
ing of COVID -19, which is known as the wastewater-based
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Fig.1 All segments of an airborne coronavirus are enveloped in a protective water layer

epidemiology or environmental surveillance [10]. The sew-
age samples of six cities and one airport in Netherlands
were tested using four qRT-PCR assays, three targeting the
nucleocapsid gene and one the enveloped gene. The study
shows in one case the presence of the virus in the sewage
6 days before the first case was reported. As the prevalence
of COVID-19 in these locations increased, the RNA signal
detected by each qRT-PCR assay increased as well. This
increase correlated significantly with the increase in reported
COVID-19 prevalence. The detection of the virus RNA in
sewage, even when the COVID-19 prevalence is low, and the
correlation between concentration in sewage and reported
prevalence of COVID-19, indicates that sewage surveillance
could be a sensitive tool to monitor the circulation of the
virus in a community, and may be served as a sensitive tool
for early warning for increasing virus circulation [11].

The structure of the virus is similar to the other corona-
viruses such as SARS-CoV and MERS-CoV. SARS-CoV-2
has glycoprotein spikes, which have glycan shields that help
the virus to attach to the human body [12]. It also has a M
protein, which gives the virus structure, and it has envelope
protein, which helps to protect the genetic material of the
protein [13, 14]. The M protein works with the E protein to
form the structure of the virus [13, 14]. The outside struc-
ture of the virus has a lipid bilayer membrane with protein
membrane receptors like the E protein and M protein on the
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membrane [14, 15]. The Lipid membrane also helps for the
receptor to stick onto a human cell and infects it [15]. Inside
the cell, RNA and N Protein are stored. SARS-CoV-2 acts
as a retrovirus and produces its own DNA through RNA [1].
The virus in order to infect someone uses its actual spikes
[16]. Droplets that contain the virus usually range from 4
to 8 pm [6].

The symptoms of SARS-CoV-2 include fever or chills,
shortness of breath, fatigue, muscle or body aches, head-
ache, loss of taste or smell, sore throat, congestion, nausea
or vomiting, and diarrhea [17]. However, the most common
symptom is fever or cough. These symptoms can be seen
anywhere from 2 to 14 days after contracting the virus [18].

SARS-CoV-2 survives differently on different surfaces,
temperatures, and humidities. In air, it travels up to 1 m.
The virus can stay in the air for up to 8 min at 23 °C and
27% humidity per 1000 virions [19]. On cold, solid, metal
surfaces, it lasts significantly longer. SARS-CoV-2 and
SARS-CoV have similar survival times. On copper, the virus
survives for 4 h, 24 h on cardboard, 48 h on stainless steel,
and 72 h on plastic [20]. SARS-CoV-2 has a lower chance
of survival in very humid and hot weather. In one study, at
38 °C and 95% humidity, SARS-CoV lost viability. At lower
temperatures like 6 °C and lower humidities, SARS-CoV
and MERS-CoV were more viable to survive. Even at ambi-
ent temperatures like 16-28 °C, SARS-CoV survived and
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there was growth stimulated [21]. In addition, Scientists also
did a study in which they set a temperature in a laboratory
space to 3 °C and measured the virus growth. After this, they
increased the temperature to 13 °C and saw that there was an
inverse correlation of SARS-CoV-2 cases if the temperature
was increased. In addition, at absolute humidity, deaths in
Covid-19 patients plummeted [21]. They also saw that in
high humidity and high temperature areas, SARS-CoV-2 did
not reproduce [21]. There is an inverse correlation between
the increase in temperature and the death of the virus. In
addition, a dry and less humid environment kills the virus
most effectively [22]. The reason for the death of SARS-
CoV-2 in hot temperatures is because the virus denatures
and loses its structure.

SARS-CoV-2 is a virus that has killed a significant num-
ber of people worldwide. Research into SARS-CoV-2 while
not limited has not really gone into the thermodynamics and
stability of the SARS-CoV-2. The purpose of this paper is
to show that all variables; such as high temperature, low
humidity, and presence of water absorbent materials; which
help the dehydration of airborne viruses, also leads to deac-
tivation of the virus. Since the dehydrated virus is vulner-
able to many chemicals, even species like singlet oxygen,
ozone, and pollutants in air, we show that the thermody-
namic investigation of the dehydration can shed some lights
on how to fight against the airborne virus. Prior to that, the
structural, physical, and chemical properties of the virus will
be studied.

Physical properties

The size of SARS-CoV-2 is very small. In aerosols, SARS-
CoV-2 was found to be categorized into two different sizes
sub-micrometer, which ranges from 0.25 to 1 pm, and super-
micrometer, which ranges from 1 to 2.5 pm [23]. Normal
droplets of SARS-CoV-2 were found to be from 4 to 8§ pm
and 95% of droplets ranged from 1 to 100 pum [6]. The actual
size of SARS-CoV-2 is approximately 60—140 nm. It is part
of the betaCoV category. The shape of SARS-CoV-2 is ellip-
tical, round, and usually pleomorphic [24]. Approximately,
SARS-CoV-2 is 1073 MDa, which is about 1 femtogram
[25]. The charge of the proteins on the surface of the virus
is evenly distributed in an isoelectric space, and therefore,
it is neutral. Decreasing the pH in that glycoprotein on the
surface of SARS-CoV-2 shows a positive charge. A hypo-
thetical visualization of the charge by Sudip Chatarjee shows
that the charge on the spike protein per nm was (2240 X
10-19/n) C [26].

SARS-CoV-2 does not survive in the presence of soap.
Scientists conducted an experiment where they tested SARS-
CoV-2’s resistance against soap powder, 0.05% active Chlo-
rine, and 0.25% Chlorine. The virus died by 98.83% in soap

powder, 96.62% in 0.05% Chlorine, and 99.98% in 0.25%
Chlorine [27]. From the data, it can be inferred that the virus
dies mostly against Chlorine, but it similarly dies at a similar
rate to soap. There are three ways for which soap cleanses
the virus. They are the membrane rupture mechanism, sim-
ple elution mechanism, and viral entrapment mechanism
[28]. The first mechanism, the rupture mechanism, happens
when the soap comes into contact with the virus via a hydro-
phobic—hydrophobic interaction. When the lipids from the
soap and the virus come into contact, the lipid layer on the
virus becomes saturated, and destroys the virus, making it
into fragments [28]. The second mechanism, the simple elu-
tion mechanism, happens as a result of the very low surface
tension in soap [27]. As a result of the low surface tension,
soap can easily enter the dirt where the soap is being applied
and also enter near the virions. Soap then can moisten the
surface and charge and stabilize the particles. The charged
virus cannot harm anything and is flushed out in the process
of a person washing their hands. The last type is the viral
entrapment mechanism [28]. This happens since soap has
a hydrophobic section. As a result, the soap traps the virus
through a hydrophobic—hydrophobic interaction, and as a
result of that, the water carrying the soap drags the virus
away. This mechanism is unlikely since the virus is bigger
than soap molecules and as a result, it is unlikely that the
virus will be fitted into the soap. The most likely mecha-
nisms are the elution mechanism or the rupture mechanism
[28].

In relation to SARS-CoV-2’s interaction with soap, the
virus interaction with water is very different. A new study
actually shows that water helps the virus to stick to the
human body. SARS-CoV-2 binds to a protein receptor on
the body ACE2, which due to the hydrophobic interactions
or the increased Van der Waals forces between the receptors.
The study found that the human receptor ACE2 has a lot of
water and the interfacial water is key to help SARS-CoV-2
to bind properly [29].

SARS-CoV-2 is highly stable in aqueous solutions [30].
Infectivity of the virus is strongly reduced upon drying.
After 1 h drying on a metal disk, it reduces up to 100-fold
[31]. The membrane of the virus is a bilayer lipid and other
proteins, in which the hydrophobic groups are enveloped
in the hydrophilic parts [12]. There are some glycoprotein
spikes on the outer shell of the membrane, with numerous
hydrophilic groups [16]. Therefore, the outer shell of the
whole virus is strongly hydrophilic. Hence, we expect that
the virus itself is enveloped by a water film, as a protective
layer, as shown in Fig. 1.

Strong dipole—ions interactions between the water film
of the virus and the cation of soap or salt may cause
the virus become vulnerable, due to penetration of the
hydrophobic head of soap entering the hydrophobic
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part of the membrane, or the reaction of C1~ of salt
with a polar bond of a spike.

The impact of water upon the infection of the virus was
investigated by Ashish et al. [29]. They found that the inter-
facial water molecule plays a critical role in binding and in
maintaining the stability of the virus-human cells.

Interaction with light

SARS-CoV-2 reacts differently to different types of light. In
sunlight, SARS-CoV-2 dies easily. Researchers conducted
an experiment for the decaying of SARS-CoV-2 under light
[32]. The virus had a concentration of 1.31% in the solution
with a pH of 7.4 and protein concentration of 3.58 mg/ml
[32]. Scientists tested the decay rate at 3 different light lev-
els. The temperature of the light was 20° C. In the simulated
saliva, the decay rate in %/minute at a high intensity light
was 19%/min to 27.2%/min, in medium light was 9.9%/min
to 12.9%/min, and in no light the virus decayed at a rate
of 0.8 +1.1%/min. In less than 20 min, 90% of all SARS-
CoV-2 in a saliva sample decayed [32]. The half-life of the
virus was 6 min. In sunlight, the virus aerosols have very
little chance of survival due to the UV lights that are pro-
duced by the sun. The sun produces three types of UV rays,
UVA, UVB, and UVC [33]. Previously, it was thought that
only UVC rays could kill the virus; however, in a recent
study, it was shown that UVA, UVB and UVC can all kill
SARS-CoV-2 [32]. The sun emits UV rays. About 90-95%
of all UV rays emitted by the sun are UVA rays while UVB
rays make up the extra 5-10% [33]. The UVC rays cannot
pass through the ozone layer [33]. Sunlight kills all forms
of SARS-CoV-2 [32].

Different wavelengths of light may also be able to kill
the virus. For example, blue light is an antimicrobial against
different forms of bacteria [34]. Similar to soap, blue light
works in a way to disrupt the virus membrane [35]. By alter-
ing the membrane, blue light can disrupt the virus internally
and cause it to break apart and die [35]. One study shows
that a low dose of blue light at 450 nm disrupted the MRSA
bacteria that was infecting patients [36]. The blue light dis-
rupts the cell membrane’s integrity and results in the orga-
nelles being destroyed and eventually the bacteria [36]. Due
to effects of blue light on other bacteria and viruses, it can
be inferred that blue light can also disrupt SARS-CoV-2
[34]. Blue light and visible light have larger wavelengths
compared to UV light, but they are able to thoroughly dam-
age the virus.

Infrared light and red light can also help to stop inflam-
mation in the lungs and respiratory diseases [34]. Using
a wavelength of 650 nm, scientists discovered that a 1 h
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treatment of inflation in a person removed several inflamma-
tion levels [37]. In addition, infrared and red light decreased
inflammation in the alveoli, which is one area that SARS-
CoV-2 targets. It also decreased the amount of collagen and
inflammatory cells in the regions and topped the tension in
the lungs in order for the inflammation to reduce. While it
doesn’t actually kill the virus, the light near the infrared and
red light spectra is known to help stop inflammation and
generally improve the condition of the patient [37].

Blue light and UV light are the most efficient light kill-
ers of SARS-CoV-2 since they help to denature the virus
through disrupting its membrane [32, 34]. Both UV light
and blue light are readily available in nature and can destroy
virion aerosols most efficiently.

Chemical properties

The spikes on SARS-CoV-2 are made up of glycoproteins
[12]. These glycoproteins help to invade and attach the virus
to the human cells [16]. The membrane of the virus is a lipid
bilayer. This lipid bilayer is made of phospholipids. Phos-
pholipids have hydrophilic and hydrophobic segments, the
hydrophobic section is made of fatty acids, and the hydro-
philic section includes phosphate, choline, and glycerol. The
hydrophobic section is enveloped in hydrophilic parts [24].

Glycoproteins are proteins that contain certain covalently
attached sugar residues. The hydrophilic and polar character-
istic of sugars may dramatically change the chemical char-
acteristic of the protein to which they are attached. There
are three types of glycoproteins: N-linked glycoproteins,
O-linked glycoproteins, and nonenzymatic glycosylated
glycoproteins [16].

The virus is rapidly deactivated by acidic solutions with
pH less than 3 [38]. In a study, scientists found that the
stomach pain was linked to SARS-CoV-2 [39]. Scientists
tested 204 subjects and found that their viral load was much
greater for those who were infected with the virus [39].
Many patients are also given antacids, which results in a pH
of 4 to 5. This is not nearly acidic enough to kill the virus
[38, 40]. SARS-CoV-1 required a pH<3.0 orapH>13.0 in
order to die [38]. Because of the similarity of the structure of
SARS-CoV-1 and SARS-CoV-2, it can be assumed that any
acid with a pH lower than 3.0 can kill SARS-CoV-2 [38, 40].
That means that weak acids cannot kill the virus.

Glycerol-fatty acid, phosphate-glycerol, choline-phos-
phate, and peptide bonds can be broken apart in strongly
acidic and basic solutions. The virus is deactivated in acidic
with pH smaller than 3 and basic solutions with pH larger
than 10 [38]:

H+
R -COO -CH, - povred RCOO™ + HOCH;
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H+
~CH, - O - PO - O — C5H ;N" — —CH,0H + HO — PO; — O — CsH;N*

—_ H+ . -_—
CsH;3NT -0 —-PO; —O—-CH, — = Choline + HO — POy — CH, -

H+
~CO — NH - — ~COOH + H,N-

Chlorine which is an oxidant also Kills the virus. As dis-
cussed earlier in the paper, soap mixed with 0.05% chlo-
rine increased the inactivation of the virus by 1% [27]. Pure
Cl, can definitely kill the virus. Chlorine is also in bleach,
which is its basic ingredient [40]. Chlorine reacts with
Cl,(g) + H,O(1) 2 HCI + HOCI water as: Hypochlorous
acid reacts with proteins to produce N-chloro-compounds:

compromised if they come into contact with a strong base or
acid [39]. Through the rupture mechanism, which also works
in soap, the virus is rapidly deactivated since the membrane
is breached and the virus falls apart [16]. This is similar
to the reaction with oxidants, and sanitizers, and rubbing
alcohol which also are strong effective compounds [27, 38].
It can be inferred that an antiviral would likely have the
characteristic of a strong base or strong acid or an oxidant.

R — C(H)(COOH)(NH,) + HOCI — R — C(H)(COOH)(NHCI) + H,0

R — C(H)(COOH)(NHCI) + HOCI — R — C(H)(COOH)(NCl,) + H,0O

Therefore, aqueous solutions of chlorine can kill the virus
by oxidizing it.

Chemical species such as ozone, singlet oxygen, nitric
oxide, air pollutants, and exposures to radiation can oxidize
phospholipids [41]. Ozone, pollutants in air and radiation
lead to oxidation of proteins [42, 43]. Therefore, if the virus
is exposed to air, both its membranes and spikes will be
damaged.

Hand sanitizer and rubbing alcohol also works similarly
to soap in its ability to inactivate the coronavirus [38, 44].
Even though it is slightly less effective, it is still enough
for the disinfection. Alcohol free hand sanitizers are more
powerful than alcohol-based hand sanitizers [38]. There are
many types of hand sanitizers such as foam, gels, and liquid
hand sanitizers [45—47]. Liquid hand sanitizer is the most
powerful out of all of these [48]. There are also spray hand
sanitizers, but it is not safe since it could be inhaled and is
flammable [38]. Similarly, hand sanitizing wipes are also
strong, but lack the longevity to be essential since if they are
left out for too long, they lose their antiviral and antibacterial
properties [41].

Overall, the virus is chemically weak against very active
compounds. Though it can resist weak acids and bases,
strong acids and bases are a remedy to the virus [39].
The integrity of the glycoproteins and membrane can be

Vapor pressure and thermodynamic stability
of the hydrated virus

The work, dw, needed to increase the surface of a liquid by
do is given by,
dw = yde €h)

where y is the surface tension of the liquid.
For a liquid at equilibrium with its vapor, the molar Gibbs
free energy of both phases are equal:

G, =G, )

The pressure of both phases is equal which is called the
vapor pressure of the liquid. If an extra pressure of dP, is
applied on the liquid at the same temperature, its Gibbs free
energy, dG, increases by

where v, is the molar volume of the liquid. In order to restore
the equilibrium, pressure of the vapor has to increase in such
that the change at free energy of the gas, dG,

dG, = RTdIn(P,) 4)

be equal to that of the liquid phase:

@ Springer



208

Journal of the Iranian Chemical Society (2022) 19:203-210

v,dP, = RTdIn(P,) (5)

where R is the gas constant and 7 is absolute temperature.
Note that the vapor is assumed to be ideal. Taking into
account both initial and final states of equilibrium, the inte-
gration of both sides of Eq. 5 leads to

Pv — PVOeleP/RT (6)

where AP=P,—P,, P,” is the vapor pressure of the liquid
at T, and P, is its value when the extra pressure of AP is
applied on the liquid. Note that the molar volume of liquid
is assumed to be independent of pressure.

Considering a spherical droplet with radius r, its surface
area is given by o =4nr?, then Eq. 1 becomes

dw = 8yzrdr 7

The work dw can be considered as a force equal to 8ynr
times the displacement dr. If the force is divided by the sur-
face area, we get the pressure on the droplet, AP as

AP = 8yxr/4nr? =2y/r ®)

which is the extra pressure on the droplet compared to the
liquid bulk.

Therefore, the vapor pressure of the spherical droplet,
Prop, 1s related to its bulk liquid, Py, by substituting 2y/r
for AP into Eq. 6 [49]

Pdrop = PbulkezyVI/rRT (9)

If we assume that the surface tension of the hydrated
virus is the same as that of water, y =72 mN/m at room
temperature, the vapor pressure of the viral with 0.05 pm
in diameter is about 2% higher than that with 5.0 pm.
Nevertheless, at lower temperatures and for larger val-
ues of the surface tension, the difference becomes more
significant.

The dehydration of a viral droplet may be shown as

virus.nH,O & virus + nH,0(g, in air) (10)

where n is the number of H,O molecules accompanying
a virus. This process is endothermic, which is in favor of
hydrated viruses. However, the dehydration leads to increase
in entropy, mainly due to the release of the water molecules
as steam. Also, mixing of the water with air increases the
entropy. Therefore, the driving force of dehydration is
entropy. Thermodynamically, the free energy change, AG, is
given in terms of the enthalpy change, AH, entropy change,
AS, and absolute temperature, 7, as

AG = AH — TAS (11)
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The overall direction of the process is determined by the
sign of AG. We may conclude that the higher temperature
is in favor of the dehydration process.

Conclusion and suggestion

As far as we know, in addition to direct contact with the
infected person, the virus transmission can take place by
three different routes: (i) Touching a surface contaminated
with the spit or oral fluid of the patient’s mouth, cough, or
sneeze, then touching the face with the hand. (ii) Fecal—oral-
route, for that five paths have been specified, through which
the food we eat may be contaminated [11]. (iii) Finally, air-
borne transmission, in which small droplets(less than about
5 um in diameter) may transport in air for a noticeable time
period and distance, then be inhaled. The transmission by
the first route can be easily brought under control, by wiping
the surfaces with alcohol or other disinfected chemicals and
washing hands frequently with soap. The transmission by the
second route may also get under control, by adding chlorine,
a strong acidic or basic solution to the contaminated sewer.
However, before proper vaccination, the major challenge is
how to protect people from the airborne viruses.

As recommended, the spread of covid-19 disease may be
reduced by applying appropriate protocols; including face
covering, social distancing, 14-day quarantine of people with
some symptoms, wiping surfaces and frequent hand wash-
ing. These measures are certainly necessary but not adequate
to get rid of the air-floating viral droplets.

As mentioned in this work, we know the following char-
acteristics of the virus: (a) It has a much longer lifetime in
water, compared to air; (b) In comparison to the metal sur-
faces, plastics, and cardboards, its lifetime on the paper and
cotton is much shorter. Therefore, it lasts for a longer time
on the hydrophobic materials than on the hydrophilic ones;
(c) It is more vulnerable at higher temperatures and drier air.
Note that on the basis of Eq. 10, the equilibrium is in favor
of the dehydration in such circumstances.

The fact that less water availability in air, compared to an
aqueous solution, hydrophilic surfaces, higher temperatures,
and drier air all lead to that Eq. 10 shifts to the right, means
that the dehydrated virus is thermodynamically more unsta-
ble and vulnerable in air. In the other words, the water layer
enveloping the virus stabilizes it. Also, water molecules play
a crucial role, as an interfacial medium for stabilizing the
binding of the virus to the human cell [29]. Therefore, we
may infer that any techniques by which the virus becomes
dehydrated will be useful for its deactivation. This point
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should be taken into account in making a spray medicine.
Such a conclusion may lead us to the following suggestion:

For the closed-contaminated spaces, like indoors in which
the covid-19 patients are kept, the air should be circulated
and pass over/through a water absorbent material, like cal-
cium chloride. Such a process shifts the equilibrium Eq. 10
to the right. If the time contact of the contaminated air with
the deliquescent is enough for the dehydration, we may
expect that the virus will be shortly deactivated. If the time
is not enough for the adequate dehydration and deactivation,
the air should be exposed to the blue or UVC radiations, as
well, to deactivate the remaining viruses.

Since sodium chloride and soap kill the virus and a rea-
sonable mechanism is that due to the ion—dipole interaction
of the cation with water, the water layer will be pulled away,
at least instantly, and then the hydrophobic head of soap
and chloride ion get chance to rupture the membrane and
attach the electrophilic groups of virus, respectively. Again,
the vital step in this deactivation mechanism is the removal
of water.

The droplets of spit or oral fluid have different sizes, from
less than 1 pm up to 100 pm. Those larger than about 5 um
are heavy enough to fall down on the ground and surfaces.
The smaller ones can be airborne. Equation 9 suggests that
smaller droplets have higher vapor pressure. Therefore, we
may expect that the droplets with intermediate size can lin-
ger in air for a longer time before losing their water. Also,
when a droplet starts missing its water, its farther dehydra-
tion is expected to be easier; Eq. 9.

It is worth mentioning that, like the water crisis, global
warming, and environmental pollution, COVID-19 pan-
demic is a global problem. Therefore, global collabora-
tion is needed to manage a globalized society through
such crises. In the other words, it is not just a physical
phenomenon, but mainly a governance issue related to
growing demand combined with unsustainable production
approaches, which have negative impact on the environ-
ment [10, 50].

We have thermodynamically studied the hydrated—dehy-
drated airborne coronavirus to show how one may fight
against the virus.
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