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ABSTRACT

In fourteen months the number of infected people with SARS-COV-2 has reached more than 159 millions and from
those more than 3 million have resulted in death. There is now a consensus that the airborne saliva droplets, that are
produced while speaking, coughingor sneezing by infected people is one of the most likely routes of transmission of
the corona virus disease (COVID-19). The expelled droplets can measure between 0.4 and 450 pm in diameter. Once
the droplets are in the air, they are subject to the gravitational, and air frictional forces that dictate their motion.
Through exhaustive aerodynamic studies it has been shown that the aerosol droplets (less than 5 um) can remain
in the environment for very long periods of time and be transported by air currents. Larger droplets take shorter
times and land within a circle of 1.5 to 2 m radius. Of key importance is the droplet size distribution and many
efforts have been done to characterize this. By modeling the production of the number of saliva droplets with log-log
Gaussian distributions, the virial load of the expelled droplets is estimated as a function of droplet size. Assuming
a constant virus density, we estimate the amount of virus delivered into the environment. The use of face masks
reduce drastically the amount of droplets emitted to the air by an infected person and to be inhaled by a healthy one.
We emphasize the great importance of using adequate face protection to minimize COVID-19, transmission and to
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reduce the death toll due to this disease.
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INTRODUCTION

After fourteen months of the first reported case of the SARS-
CoV-2 virus infection, by the World Health Organization (WHO),
the virus transmission has not been controlled and continues
affecting millions of people, all over the world [1]. The number
of infected people has reached a record number of 157 millions,
with 3.2 million of them resulting in death. The COVID-19
pandemic has caused enormous economic and social disruption.
Although several vaccines have been produced in a record time, the
number of fully immunized people is still very small. Therefore it
is imperative to continue observing sanitary recommendations to
reduce, as much as possible, virus transmission.

Although there are still many unknowns, it is now accepted that
the most likely route of infection is through the airborne saliva
droplets emitted by infected people while breathing, talking,
coughing or sneezing. Many studies have shown that the infection
can occur by the inhalation of those small saliva droplets [2,3].
This is supported by recent studies, in which high viral loads of
SARS-CoV-2 were found in the oral fluids of patients suffering the

coronavirus disease [4,5].

LITERATURE REVIEW

This path of virus propagation was discussed more than ten
years ago, during the HIN1 pandemic. However, despite several
investigations published over the last decade that showed risk of
transmission through airborne droplets, health authorities only
recently recognized the importance of using face protection, and
now recommends its widespread use [6]. The results presented in
this study strongly support that recommendation.

There is experimental evidence that saliva droplets exhaled
in respiratory events have a diameter (D) that range from less
than a micron to about 500 microns. The number of droplets
as a function of its size is a key information to estimate the risk
that they represent. The characterization of this function is very
complex, since it depends on many environmental parameters and
the characteristics of the emitting person. Nevertheless, various
experimental techniques have been used in order to determine
the droplet size distributions while sneezing, coughing or talking
[7-10]. Based on these experimental results, one can fit the data
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by loglog Gaussian distribution functions; the maximum of the
emitted particles, the diameter at which this occurs, and the width
of the bell curve function depends on the respiratory action. The
experimental maxima occur around 10 pm, and the number of
droplets expelled with this diameter are approximately 350 000,
1600, and 78, while sneezing, coughing and talking, respectively.
In Figure 1a and 1b, we show the fitting of the number of droplets
Nd as a function of the droplets diameter D.
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Figure 1: (a). The saliva droplets distribution functions, adjusted by
log-log gaussian curves for the respiratory events of talking, coughing
and sneezing. The parameter values were taken from the data
published by Deguid [7]. (b). The number of virions as a function
of the droplet diameter. The density of virions, 7 x 106 copies per
millilitre, was assumed constant throughout the whole droplet size
range [5].

These fits reproduce the maximum amount of droplets, the D
where this occurs, and the number of droplets with D=100 um.

DISCUSSION

One of the key differences in the three respiratory actions is the
velocity at which the droplets are ejected. Those velocities are
approximately 120, 60, and 30 km/hr, while sneezing, coughing
and talking, through
exhaustive aerodynamic calculations that take into account
the gravitational and drag forces, it has been shown that, in the
absence of air currents, for droplets with D=0.4 um, the time of
flight is 3.83 days for the three starting velocities and the horizontal
distances traveled are 3.07 x 10°1; 54 x 10-, and 7.75 x 10 m,

when, sneezing, coughing and talking, respectively. These droplets

respectively. With these parameters,

would remain suspended in the air for several days in the absence
of air currents, and the distance traveled horizontally would be
negligible. For larger droplets measuring 1 pm in diameter, still in
the aerosol regime, the time needed to fall to the ground decreases
to 14.7 hours and the distance traveled increases to 1.74 x 10*, 8.8
x 107 and 4.43 x 10”° m, for sneezing, coughing, and speaking,

respectively. This is still a very long residence time and the distance
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traveled is now near the millimeter regime. The 10 pm droplets stay
in the air 8.82 min and travel 4.17, 7.83 and 14.1 mm. Although
the particles remain suspended only minutes, there is enough time
for events characteristic of daily life activities to impact their travel
distance. These droplets move some millimeters away from the
source. Much larger droplets with diameter D=100 pum, would be
in the air 3.28 seconds and will land 26.8 cm, away when speaking,
40.6 cm away, when coughing, and 50 cm away, when sneezing
from the emitting person. Finally, the 450 pm droplets ejected at
the talking, coughing, and sneezing velocities take only 0.66 s, 0.67
s and 0.68 s, and they travel horizontally 1.82, 2.89 and 3.75 m.

Furthermore, it is found that in a calm environment, the saliva
droplets that fall within a distance of 1.5 m, are those with
diameters less than 327 pm, 250 pm, and 202 um emitted while
speaking, coughing or sneezing, respectively. By inspecting Figure
1a, these results confirm that most of the droplets fall within the
safe distance, recommended by the WHO authorities of 1.5 m.
However, two points have to be raised: i) the aerosol droplets,
with D<5 um stay stationary around the source with a residence
time that can be of hours or even days. These scenario changes
in the presence of wind disturbances, which can transport them
much farther. Good ventilation can move the droplets far away
and disperse them, reducing thereby the risk. However, weak air
currents can only extend the action range of the virus loaded
droplets; ii) In the size distribution curves, a portion of droplets,
with large sizes fall in a distance longer than 1.5 meters, prompting
the question of how dangerous these droplets might be. To answer
this question, it is necessary to estimate the viral load of the droplets
as a function of their size and combine that information with the
size distribution. Virological testing using Reverse Transcription
Polymerase Chain Reaction (RT-PCR) found, in saliva samples of
sick persons, an average viral load of 7 x 10° copies per milliliter [5].
Thus, to estimate the number of virions expelled in the respiratory
events, we calculate from Figure la, the volume associated to the
number of droplets for each size and multiply them by the average
viral density.

In Figure 1b, we show the total number of virions contained in
each droplet population (number of droplets x volume  viral load)
as a function of size. It is important to note that in the absence
of information on how the viral density changes as a function
of droplet size, we have assumed a constant value, obtained for
milliliter samples. Thus, the estimations are more accurate for
large volume saliva droplets. The results for the aerosol regime are
probably underestimated. Here, the onset of the curves starts when
the volume is big enough to contain a virus unit. In the curves
related to coughing and sneezing, one observes a rapid increase
that slows down when the number of droplets pases the maximum
value. The second increase is due to the cubic dependence of the
volume that overcomes the decrease in the number of droplets. The
curve for droplets generated by speaking is continuously increases
as the droplets volume dominates throughout the whole range.
Although the number of particles that land at a distance longer
than 1.5 m, is small, they carry an important viral load. It is better
to keep a distance of 2 meters between individuals. The size of the
droplets that fall within that distance is 431 pm, 316 pm, and 254
pm, while speaking, coughing, or sneezing, and the landing time is

0.66, 0.78, and 0.91 seconds.

Droplets with diameters of 10-100 pm convey the largest viral
load due to the abundance of droplets of this size (calculated as
17,500 when talking, 340000 when coughing and 46,100000 when
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sneezing). Those drops stay in the air from 529 to 3.28 seconds,
a range of time very dangerous for an infection. However, their
horizontal range is less than 1 m, i.e. within the safe distance of 1.5
m, recommended by the WHO.

From our results, one can observe that the best way to reduce the
virus transmission is to block the dissemination of viral particles by
mouth and nose coverings. We stress the importance that a person
with symptoms uses, mouth and nose protection, in order to avoid
the contamination of its immediate environment. On the other
hand, equally important is that a healthy person protects mouth,
nose and eyes, to avoid the eventual inhalation of the airborne
virus and the contact with eyes. This measure should be observed
any time out of home and by all the public.

A more dangerous scenario is that of group gatherings in
confined environments like hospitals, schools, airplanes, or public
transportation, where air ventilation might not be sufficient and
should be maximized. The use of mouth and nose protection must
be enforced.

An important observation that supports the recommendation of the
implementation of face coverings, is that, common fabric materials,
like cotton or silk, can be effectively used in the production of
protective face masks [11]. A mask made with a combination of
cotton and silk provides high filtration efficiencies of droplets in
the range of 10 nm to 6 pm. Thus, there is no reason for shortage
of masks since they should be available at very low cost. These low
cost measures, can be implemented easily in developing countries
to effectively reduce the virus propagation.

In summary, we have modeled the virus load of airborne saliva
particles expelled by SARSCOV-2 infected people. We analysed
three different respiratory events, sneezing, coughing and speaking.
The major risk is represented by the medium size, 10-100 pum
emitted while sneezing. A topic under study is the size dependence
of the virus concentration as a function of droplet size: in particular
in aerosol droplets.

CONCLUSION

The use of face covering is a low cost measure that can control
the virus spread by infected people and protect healthy ones.
The enforcement of maskwearing reduces the virus transmission
and thereby could minimize the death toll. We expect that this
report motivates further experimental studies to continue the
understanding of airborne transmission of respiratory infections.
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