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Abstract

The interaction of electromagnetic (EM) waves with the COVID-19 virus is studied to define the
frequencies that cause maximum energy absorption by the virus and the power level needed to
cause a lethal temperature rise. The full-wave EM simulator is used to model the virus and study
the effects of its size and dielectric properties on the absorbed power across a wide range of
frequencies. The results confirm potential resonance conditions, where specific frequencies
produce maximum absorption and subsequent temperature rise that can destroy the virus.
Furthermore, the study confirms that maximum power deposition in the virus occurs at specific
wavelengths depending on its size. Also, the simulation is used to find the power required to
destroy the virus and determine the total power required to destroy it in an oral activity, such as
coughing, made by infected individuals. Furthermore, the study explained why irradiation by UV-C

band is effective to decrease virus activity or even eradicate it.
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l. Introduction

In Late 2019, an epidemic identified as the novel coronavirus (COVID-19) caused a sudden increase
Health Organization (WHO) announced it a global pandemic [6], [7]. COVID-19 is a new member of
the beta-coronavirus family related to the known severe acute respiratory syndrome coronavirus
(SARS-CoV) [8], [9]. However, COVID-19 is more transmittable between humans [8], [9]. The virus
still causes many deaths around the world. Luckily, there have been enormous progress and
successes in developing various vaccines. To prevent the spread of the virus, the World Health
Organization (WHO) has issued many devices, such as social distancing, wearing a face mask, and
handwashing. It was advised that applying soap long enough can disrupt and break down the outer
working in different fields have been trying to understand the virus's behavior to develop the

required vaccines and treatments.

On another line, the scientific community has been adapting its existing skills in developing and
improving technologies that can fight COVID-19. In that regard, ultraviolet (UV) electromagnetic
(EM) waves have been recommended as a tool to reduce the daily growth rate or kill the virus by
using high doses of UV to disinfect equipment and buildings while using safe levels of UV doses
[15]-[18]. In addition, the interaction between EM waves and the virus has been investigated [19].
The previously mentioned research has concluded that more research is required to find EM-based
tools or methods to prevent the virus from spreading. These studies were based on experimental
tests, with no explanation of the physical principles regarding why a particular band of frequencies

influences the virus more than others or whether other bands could be more effective.

When EM waves illuminate a small biological object, such as the virus body, an EM field is induced
in the internal body. The subsequent power absorption by the virus results in a specific resonance
behavior [19], [20]. That internal field is absorbed by the object's dielectric material, increasing
the biological material's temperature. Increasing the temperature to exceed the thermal thresholds
of the biological material cell can Kkill that cell. The internal EM field distribution, absorption
characteristics, and the scattered EM waves of any object, including the virus body, depend on the
used frequency, object’s geometry, polarization of the incident wave, and physiological parameters
(i.e, frequency-dependent dielectric properties of the biological material). Hence, it is essential to
understand how EM waves and their wavelength, virus size, and shape can affect absorption to find
the optimal interaction regime and wavelength that cause the maximum absorption inside the
virus body. This investigation will enable the development of devices or techniques that can

thermally damage, disintegrate, or neutralize the COVID-19 body. Since the virus body consists of
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biological materials, a specific resonance is expected to significantly increase the absorbed EM
energy when the incident wavelength is comparable to the virus body. The virus body might be
destroyed at the resonant frequencies due to the high level of absorbed energy from overexposure
[15], [19], [20].

This paper uses CST Microwave Studio simulation [21] to study the interaction between EM waves
and the COVID-19 virus in the frequency band of 100-6000 THz. A realistic virus model, which
includes its RNA, envelop layer, and spikes, is utilized in this investigation. In addition, the total
power loss in each tissue type is calculated, and the effect of the virus size on the total loss in the
virus body is also investigated to explain the specific frequency bands, or wavelengths, that can be
used to destroy COVID-19. The paper is organized as follows; after an introductory section, the

methods are discussed in Section 1. Section III presents the obtained simulation results and

discussion, while the conclusions are listed in Section IV.
Il. Virus Model and Simulation Setup

A. Virus Model

The COVID-19 genome structure is a pleomorphic or spherical single-stranded ribonucleic acid

(RNA), protein-like biological material representing the virus's internal structure [22], [23]. A

membrane encloses the RNA covered by spikes made of a protein-like biological material
protruding from the surface, enabling the virion's attachment to the host's cell membrane [22]-
[28]. The membrane layer surrounding most viruses such as influenza and herpes simplex is called
a “lipid envelop”. Thus, the membrane layer is similar to the fat biological material. Also, the RNA
and spikes of COVID 19 are mainly protein [22]-[29], and thus they are closer to the dielectric
properties of the muscle tissue, which is mainly protein consistent. The ultrastructural
morphology exhibited by COVID-19 created at the Centers for Disease Control and Prevention
(CDC), showing the spikes that adorn the virus's outer surface microscopically, is shown in Fig. 1.
The average diameter of the virus varies from 50 to 200 nm [22], [23] as concluded from Table I.
Some studies used electron microscope images to find number of viruses in a given volume [25],
[28]. As with other biological objects, one should expect the virus and its variants to have a
specific range of sizes. Therefore, looking at Table [, an average size of 100 nm was assumed in this

work. The results of smaller and larger are also presented for comparison [22].
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Fig. 1.
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The outer look of COVID-19 under microscopically viewed at the Centers for Disease
Control and Prevention (CDC) [23].
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TABLE I. List of Some Former Studies That Reported the Average Diameter of covid-19 in

Nanometer (nm).

Ref. |Diameter Average Spikes Notes:
diameter length
(nm) (nm)

[1] 60-140 100 9-12 Based on SAR-Cov-2

[2] 120-160 |140 20 Used diam = 140 nm
Spike length = 20nm in the
simulation

[5] 50-200 125

[15] 30-100 65

[18] 80-120 100

[20] 100-150 |[125 NA

[21] 60-140 100 9-12 From Transmission Electron
Microscopy

[22] 80-120 100

[23] 60-140 100

[25] 60-140 100 9-12 Referred to [21]

Openinanew tab

The documented studies in the literature, such as [30]-[35] indicated that the known mutations so
far mainly cause changes in the sequence of RNA protein, in addition to other possible changes to
spikes number and protein type. We concluded based on known details at this stage that mutations
may not significantly change the dielectric properties of the virus envelope, which is the most
critical factor in the investigated resonance frequency method. Nevertheless, since there is no
consensus in the literature on the exact size of the virus, or the virus might take different sizes due

to unknown reasons, this study also investigates the effect of resonance irradiation with different
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virus size. If any future mutation is confirmed to cause a significant change to the structure and

dielectric properties of the virus (RNA, spikes, and the envelope), a further study is needed.

B. Simulation Setup

The simulation is performed on the expected or reported range of virus size to help understand the
interaction of the EM waves with the electrical properties of the virus body parts (i.e., spikes, RNA,
and envelope). This section investigates the effect of the virus size on the resonant frequency for
various sphere (i.e, RNA) diameters, 50 nm, 100 nm, 150 nm, and 200 nm, representing the
possible size range COVID-19. First, the enveloping layer is modeled as a 2 nm layer surrounding
the RNA sphere. Next, the spikes are added to the structure to create a realistic virus body. Each of
these spikes is modeled as a cone structure (0.5 nm base diameter, 2 nm top diameter, and 10 nm
height) created from the outer layer (i.e., the virus envelope) [25], [26]. As this model has used two
types of material (fat and protein) and three shapes (sphere, shell, and spikes), then it can be

considered more realistic compared to other models like the one in [19], which used a sphere and

a thin shell representing the spikes. Finally, the simulation determines the resonant frequency,

which causes maximum absorption.

A wide frequency range of 100-6000 THz is used to assess the response of the virus model and find
the frequencies at which there is maximum power deposition in the virus that can deactivate the
virus of different sizes and destroy its ability to multiply and cause disease. The chosen frequency
band in this investigation covers the infrared, visible, and higher UV in the nanometer-wavelength,
which were shown to be germicidal [17], [36]-[41] as the nucleic acids of the germs strongly
absorb these wavelengths. Therefore, there should be optimum wavelengths that lead to maximum
power deposition in the virus body, cause damage to its nucleic acid and prevent replication,
resulting in the organism's death or inactivation. The wavelengths that result in maximum power
deposition will be recommended for combating the virus

In the simulation, power loss and power flow monitors were used to estimate the power loss in the
virus body and find the resonant frequency when the EM wave interacts with it across the
frequency band of 100-6000 THz. A uniform plane wave of the unit intensity of electric-field value
in [V ()!t/?n) with linear polarization is used as a source of the EM field to irradiate the virus
body (Fig. 2). Also, a circular polarization was applied to check its effect on the virus body
structure. The dielectric properties of the virus body define the distribution of the EM field inside

the virus. Therefore, accurate modelling of the dielectric properties of the virus's biological
materials is required to estimate EM fields accurately and thus absorption inside the virus body.
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Fig. 2.
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Simulation setup of realistic COVID-19 virus structure.

Although there is no specific data about the RNA, envelops, and spikes dielectric properties
primarily in the investigated frequency band, the information provided in [42] is used as a guide to
find out the nearest dielectric properties from the most common source of dielectric properties of
biological tissues [43]. The fat or lipid-like biological material's dielectric properties represent the
membrane layer (i.e., the outer envelope fatty layer). On the other hand, the dielectric properties of
the RNA and the spikes are emulated using the dielectric properties of biological muscle material.
The RNA and spikes are protein-consistent materials [22], [27]-[29], [44], which are thus like the
muscle tissue, which is considered the main source of protein (i.e., it contains more than 80%

protein) [45]. Therefore, to simulate the realistic dielectric properties of the virus, the relevant
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dielectric properties of biological materials available in [43] were used. The simulation setup of

the realistic COVID-19 virus structure is shown in Fig. 2.

The absorbed power can define the interaction of EM waves with a macroscopic biological object
depending on its permittivity and conductivity, knowing that the permeability of biological
materials is constant and equal to that of a vacuum. The dielectric properties of biological
materials are frequency-dependent and can be described by the relative complex dielectric
properties (E*) that is expressed as:

1)

where E‘r (u;) is the real part and represents the relative permittivity of the dielectric constant (£
), while EH ({.u') is the imaginary part and can be used to estimate the dielectric loss factor and
conductivity ((T) in S?-n -1 £ ( F m- 1 ) is the permittivity free space, and () is the angular

frequency used to define frequency-dependent properties of the dielectric material.

In the simulation, a superposition of the first and second-order Debye model is used to obtain the
relaxation process of the biological materials expressed as [44]:

= Ex —|—— ............ (2)

where £, £ g are the dielectric constant at high and low frequency, respectively, and T is the time
constant, also called the relaxation time, which determines the frequency range of significant
changes. The recommended data for the dielectric properties (i.e, the relative permittivity and

the variation of the relative permittivity and conductivity of the constituents of the COVID-19
model across the 100-6000 THz frequency range. The relative permittivity has a slight variation

with frequency. However, the conductivity has a considerable variation across the investigated
frequency range.
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Dielectric properties of COVID-19 biological materials for the: (a), (b) RNA, and spikes, (c),
(d) envelop.

The resonant behavior of the biological materials in any living tissue can be described by the

Lorentz model [45]:
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Fig. 4 shows the visualization of dielectric properties for (2) and (3). The resonance is
characterized by a peak in the imaginary part and a zero, or close to zero, in the real part. In the
simulation, the power absorption by the frequency-dependent dielectric material of the virus body
is investigated. To that end, power loss density at each frequency step was assigned across the
whole frequency band. The effects of virus size on the maximum power absorbed, absorption

coefficient, relative absorption cross-section and resonant frequencies are assessed.
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CST microwave studio representations of the dielectric properties (real and imaginary
parts); (a) Debye first-order dispersion model with the relaxation process; and (b) Lorentz
model with the resonance process.

According to [10]-[14], using soap long enough damages the envelope, stopping the virus
functionality. Therefore, an investigation via simulation is performed to determine the required

EM wave power to destroy the virus envelope. A power flow monitor was assigned with a 100 THz
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step across the 100-6000 THz frequency band. The monitors were used to measure the power of
the EM wave inside the virus envelope. In the simulation, the virus is modeled at the center of
(x,y,z) coordinates (Fig. 2). For convenience, the EM wave sources are applied in the negative z-
direction. At each frequency step, the power loss monitors provide the power reading of the EM
wave transmitted from the source to the virus body. The power loss monitors calculate the power

density (u; X (;;-"n_g) at each frequency step in the simulation environment, including the virus body

and surroundings. The power lost inside the envelop layer is determined across the volume of the
virus envelop layer at each selected size and estimating the required power for a single virus.

COVID-19 can be separated in many modes, mainly through aerosols (droplets). The size and
quantity of the virus depend on the droplet's size and number resulting from any individual's oral
activities. Those activities include coughing, sneezing, or talk droplets that contain virus particles.
For example, when an infected person coughs, sneezes, or talks, aerosols (droplets) or tiny
particles are spared into the air. The droplets are a liquid-biased material with different droplet
sizes, containing viruses of different sizes. Therefore, the infection happens in any recipient's
breath air containing the virus particles in sufficient quantity [46]-[48]. There are no exact
measurements of droplets produced by oral activities such as coughing, sneezing, breathing, and
phonation [49]. However, studies showed that coughing and sneezing activities particles could
release about 3000 -40000 droplets [50]. Different size droplets in any of these activities may vary
between 6-12 pm [49], [50]. Also, number of viruses in each droplet is different; therefore, number

of viruses will differ depending on the virus and droplet sizes.

Surface transmission mode may also occur indirectly by touching surfaces such as plastic and
stainless steel contaminated with virus from a cough or sneezing from an infected person, followed

by touching the mouth, nose, or eyes. The virus can live for 2-3 days on those surfaces.

In addition, a common way of transmission is the airborne mode, as the virus particles can stay

alive in the air for up to three hours [51]; any recipient's breathing that air leads to their infection

[47]-[52]. After the oral activities, the liquid material starts to evaporate immediately, leaving the
virus body in the air or on surfaces as it can stay longer. Therefore, the virus body is simulated in
the air (i.e., the airborne transmitting mode of the virus is considered), and the power deposition
inside a single virus body is calculated using (3). In the case of COVID-19, the RNA copies number
in the oral fluid vary from an average ofT W 1[]6 to a maximum of ) 35 4 1[]9 copies per

millilitre [52]. The total power (-Pt of ﬂ-f) required to destroy the viruses resulting from an oral

activity containing virus copies (N r:ﬂ) can be calculated as follows:
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Pt =Pi X Neg.ooye. (4

Where P4 is the power required to destroy one virus.
l1l. Results and Discussion

A. The Resonant Absorption

The resonance absorption property results in the virus envelop for various virus sizes (Fig. 5). The
variation of the total power loss with frequency in the virus envelop dielectric material shows
multiple peaks of the power loss, indicating resonance at various modes. The intensity of
absorption increases as the diameter of the virus increases. Moreover, the positions of the peaks
shift to lower frequencies as the diameter of the RNA dielectric sphere increases, indicating, as
expected, a reverse relation between the sphere's diameter and the resonant frequency. The
response shows multi resonances for each of the investigated sizes of the virus. This finding agrees
with the results [53] for the interaction of the incident EM wave on a dielectric sphere. Also, many
resonating modes resulted in the realistic structure having multiple layers and spikes of different

dielectric properties.

https://pmc.ncbi.nlm.nih.gov/articles/PMC9728540/#sec3 12/31



11/26/25, 1:18 PM Combating Coronavirus Using Resonant Electromagnetic Irradiation - PMC
Fig. 5.
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The total power loss in the virus envelops when the virus RNA diameter is (a) 50 nm and
100 nm, (b) 150 nm and 200 nm.

The virus body has a lower permittivity of Ep = 25 for the enveloping layer and a higher value
of Ep = 4 for the spikes and RNA. A more considerable difference in permittivity leads to a

lower effective wavelength or higher resonant frequency. In addition, more resonant frequencies

result from the virus model of a larger sphere diameter. Fig. 5(b) shows more resonant frequencies
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as a larger diameter of the sphere results in more degrees of freedom for the occurrence of
resonances. The three lowest resonance frequencies with a virus diameter of 50 nm (see Fig. 5(a))
occur at 3100, 4300, and 5500 THz. When the virus diameter is 100 nm, the three lowest
frequencies become 1600, 2300, and 2900 THz. The latter frequencies correspond to about half the
former, indicating the inverse relation between the resonance frequency and virus size. Although
the virus model is multilayered with different permittivity values, the obtained resonances are
similar to the dielectric spheres model in [53]. It can also be seen that the resonance response is

relatively wide, with a percentage bandwidth between 20 to 40%.

Virus sizes differ from case to case. However, as the resonance response is not sharp, size
differences can be accommodated by the reasonably wide response. On the other hand, a relatively
wideband UV light source is needed, and preferably more than one band will be more effective.
Also, the effect of EM wave polarization on the power loss and deposition in the virus body is
investigated. To that end, EM waves across the 100-600 THz with linear and circular polarization

were used to interact with the virus body.

The power loss in the virus body results from the different dielectric properties of the virus's
biological materials. It helps to determine the level of the EM radiation required to inflict damage

or deactivate the virus envelope layer.

Therefore, the power loss monitor was assigned across the entire band with a step of 100 THz. The

power loss monitor reading provides the power loss density value (u; / (j'n_g) when the EM waves

interact with the virus body. The result generally shows that the power loss density across the
entire band at higher frequencies is bigger than at lower frequencies when both linear and circular
polarized EM waves are used. However, the maximum power loss occurs at the resonant
frequencies, and the location of the maximum loss is always in the enveloping layer. The power
loss density is presented at the resonant frequencies in Figs. 6-9 taking a cross-section in the YZ-

plane laying at x = 0.
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Fig. 7.
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The power loss in the envelope for virus RNA diameter 100 nm (a) linear polarization EM
wave, (b) circular polarization EM wave.
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Fig. 8.
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The power loss in the envelope for virus RNA diameter 150 nm (a) linear polarization EM

wave, (b) circular polarization EM wave.
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Fig. 6.
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The power loss in the envelope for virus RNA diameter 50 nm (a) linear polarization EM

wave, (b) circular polarization EM wave.
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Fig. 9.
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The power loss in the envelope for virus RNA diameter 200 nm (a) linear polarization EM
wave, (b) circular polarization EM wave.

The simulation results show that the maximum power loss always appeared on the other side of
the sphere (away from the irradiating source) using linear and circular polarizations across all the
resonant frequencies. The minimum power loss occurred on the side of the sphere facing the wave
source for all the virus sizes. Larger power densities were noticed on the enveloping layer
compared to other parts of the virus model. For small viruses of 50 nm RNA diameter, the
maximum power loss in the envelope occurs at 550 THz. The maximum losses in the envelope
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layer for the virus of 100 and 150 nm RNA diameter occur at (5700 THz). The maximum power for
virus RNA diameter of 200 nm occurs at 5000 and 5300 THz. Regarding the effect of the
polarization on the virus body, the results show that stronger interaction occurs with the virus

body when circular polarization is used. Table II summarizes the details of the maximum power

loss in the envelope layer for all virus sizes for both linear and circular polarization.

TABLE Il. The Maximum Power Loss Density in the Enveloping Layer for Em Waves Applied

with Linear and Circular Polarazation.

Virus RNA diameter | Resonant frequency (THz) Pd( % ) X 102(Linear' Circular)

50 nm 3100/4300/5500 (12.5)/ (37.8)/ (4.712)

100 nm 1600/2300/2900 (1.1, 2.5)/ (24.6)/ (2.81.3)
3200/3500/3800 (51.2)/ (3.67.8)/ (51.1)
4100/4400/4600 (71.6)/ (9.62.3)/ (10,2.4)
4900/5200/5500/ (10,2.5)/(10,2.4)/ (10,2.4)/ (1.33.2)
5700

150 nm 1100/1500/1900 (1.22.7)/ (24.6)/ (37)
2200/2600/2900 (51.1,)/ (5.61.2)/ (5.61.2)
3100/3300/3700 (5,1.1)/ (5.61.2)/ (5.61.2)
4100/4400/4600 (92.1)/ (1.433)/ (1.12.5)
4800/5300/5700/ (1.43.3)/ (1.63.6)/ (24.9)/
5900 (24.7)

200 nm 800/1100/1400 (1.12.4)/ (2.24.7)/ (3.67.5)
1700/2200/2500 (510)/ (61.3)/ (5.61.2)
2800/3100/3700 (5.31.1)/ (1.22.3)/ (2.24.3)
4000/4300/4600 (1.62.8)/ (3.25.5)/ (34.9)
5000/5300/5900 (4.37.9)/ (36.3)/ (3.78.3)

Openinanew tab

[t can be observed from the results shown in Figs. 6-9 that higher power density is placed in the

envelope for various sizes of the virus using linear and circular polarizations. Thus, the heating

https://pmc.ncbi.nim.nih.gov/articles/PMC9728540/#sec3
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effect will be concentrated in the envelope of the virus, which is the most vulnerable part of the
virus. This can be seen as a favourable property of UV irradiation since a lower power level is
needed to inactivate the virus than when the incident power is evenly distributed across the whole
parts of the virus.

B. The Total Power

The power required for destroying or inactivating the virus may be estimated from the required
temperature rise of the envelope to inflect the damage, but such a result has not been established
in the literature. However, many published experimental results relate the inactivation rate to the
incident power density (171 W / sz) and irradiation time. The inactivation rate compares the
number of active viruses before irradiation ( N b) and after irradiation ( N (1)- An algorithmic

ratio defines it as:

Nb
Inactivation = logl0—......... (5)
Na

Thus, an inactivation value of 3 means that only 0.1% of the eradicated viruses remain. The power
density and irradiation time in seconds can be combined to give energy density expressed in (

m J / (j&‘ng). Various energy density rates, power density levels, and exposure times have been
reported. An average UV dose of 1.3 17} J / (j?'ﬂ? was required to yield a 1-log inactivation of SARS-
CoV-2 using the LP UV lamp (254 nm) [54]. This is similar to other results of 1.2 to 5.0 m]/cm2 for

1-log inactivation published in [55]-[57]. In recent experimental results, a wavelength of 278 nm

at an energy density dose of 2.07 171} J / (j’,-"n;Q was found to result in an inactivation of 2-Log (1%

of the irradiated viruses remained unaffected) [58]. The same Log reduction was achieved by a

dose of 10 17} JXC?HQ at 265 nm [59] and by a dose of 2 17} JX(;;-‘HQ, and 4 17} JX{;;-‘HQ using 270
nm and 282 nm respectively [54]|.The wide range of power densities, irradiation time, and energy
density published by researchers can be attributed to the various virus sizes, used wavelengths,
and experimental environments. The above results confirm the obtained results of this work

regarding the finding that power deposition shows resonance at specific frequencies.

Moreover, they show that treatment by UV irradiation is a feasible modality. When the power
needed to inactivate one virus is determined, then one can find the total power required to destroy
viruses to the required inactivation level defined by (4), in one oral activity such as a cough or
cough sneeze using (3). Although one cough may contain virus copies of different sizes mixed,

https://pmc.ncbi.nlm.nih.gov/articles/PMC9728540/#sec3 20/31
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depending on the size of the droplets. However, in this work, the calculation is made by
considering that the cough has the same size droplets, which means all the viruses have the same
size. Figs. 10-11 show the results, and the total deposited power increases with the number of
copies. Also, more power is required when the size of the virus increases. Moreover, the required
power to destroy the envelop layer increases with the virus size. Therefore, the total deposited
power is calculated for the two scenarios: the average number and the maximum number of

viruses available in an infected area.
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Fig. 10.
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The total deposited power in one cough droplet containing 50 and 100 nm virus RNA
diameter at resonant frequencies (a) the Average number of virus copies (b) the maximum
number of virus copies.
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Fig. 11.
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The total deposited power in one cough droplet containing 150 and 200 nm virus RNA
diameter at resonant frequencies (a) the Average number of virus copies (b) the maximum
number of virus copies.

IV. Conclusion

A simulation study has been conducted to investigate effects of electromagnetic resonance
absorption on COVID-19 virus. Realistic virus body structures with different sizes were modeled
using their estimated dielectric properties across the 100-6000 THz frequency band. The results
confirm an inverse relation between the resonance frequency and virus size, whereas the relation
is direct between the virus size and its power absorption. It is also concluded that the high-power
density is always deposited in the virus envelope irrespective of the virus size and used
polarization. Thus, the heating effect is concentrated in the virus envelope, which is the most
vulnerable part of the virus. This is a favourable property of UV irradiation since a lower power
level is needed to inactivate the virus compared with the case when the incident power is evenly
distributed across all parts of the virus.

In addition, the total power required to destroy and damage the virus in an oral activity (i.e.,
cough) can be estimated if the power needed to inactivate one virus is established. The results
show that the total power increases when the virus copies in the activity increase. As a result,
larger number and size of viruses require higher power to destroy their envelope layers and

terminate them.

This study furnishes the theoretical evidence of the recently published observations regarding the
use of UV light for virus disinfection. This work presents the theoretical principle that explains
why the recently published observations on the relation between required power densities to
inactivate the virus and the used wavelengths. Furthermore, this study explains the effective use of
irradiation by a proper dose of UV-C band to eradicate the virus.
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