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Abstract

As of August 24, 2020, WHO has reported 23 311 719 Covid-19 confirmed cases in 216 countries, areas. The confirmed death
toll from these cases is 806 410. New information on the transmission routes of Covid-19 is found every day. While there are no
conclusive results on the “airborne transmission” of Covid-19 in indoor transmission, recent research suggests that Covid-19 can be
detected in the air and can live for a long time after aerosolization.

Workers at dental clinics are also in the largest risk group exposed to extra aerosols that emerge during treatment.

The purpose of this review is to review the studies on Covid-19, the cause of the pandemic that has been around the world for
about six months, and to review the studies on aerosol transmission from the air, which are not much discussed (controversial), and

to review the studies on the quality and improvement of office air during dental procedures, which are one of the most important
risks for virus transmission.

Itis concluded that indoor air quality should be of the highest standard for the health of the dental clinics personal and patients in
the waiting room. Air movement should be ensured. To do that; since it is the safest way to provide air quality, airing to dilute the in-
fectious particle concentration in the air should be ensured. If ventilation equipment is to be used, ventilation systems with HEPA fil-

ter that distribute negative pressure should be chosen. Personal must not put off their protective equipment before leaving the clinic.

In addition, information on aerosol transmission and protection from transmission of Covid-19 by inhalation should be added by
updating the public health guidelines published to prevent the spread of the virus.
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Introduction

The world has faced three coronavirus outbreaks in the past two decades: 1) SARS (SARS-CoV-1) in 2002-2003, 2) MERS (MERS-CoV)
in 2012, and 3) Covid-19 (SARS-CoV-2) in 2019-2020.

Despite consecutive outbreaks such as SARS (Severe Acute Respiratory Syndrome), MERS (Middle East Respiratory Syndrome) and
Covid-19, our awareness and concern to prevent the transmission of viral and bacterial infections that exist in the air, and about the im-
portance of management of “indoor air quality” unfortunately is not better than the past. However, experience with severe acute respira-

tory syndrome (SARS) in 2003 revealed the importance of “aerosol” transmission among both healthcare workers and patients. Airborne
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transmission via aerosol has also been identified for many other human pathogens. Aerosols are suspension of solid or liquid particles in a
gas and its particle size is above 0.001 to 100 um. Aerosols containing pathogens are infectious. Large droplets can become small droplets

and then droplet nuclei with evaporation process.
A droplet nuclei is the airborne residue of a potentially infectious aerosol after the liquid portion has evaporated [1].

Droplets formed by breathing, speaking, laughing, singing, coughing and sneezing lead to the formation of a potentially contagious
aerosol in infections known to occur in the respiratory tract. These aerosols are likely to be transported to longer-range locations and

create potential infection from pathogens [2].

As defined by William F. Wells for the first time in the 1930s, the size range between small and large droplets that move in the air and
cause disease transmission, as suggested by the World Health Organization (WHO) and the Centers for Disease Control and Prevention
(CDC) in our day, and as stated in other publications, to define the upper limit of the size of small droplets, itis 5 pm or 5 - 10 pm. WHO,
CDC and the literature are compatible in using the term aerosol to refer to “breathable particles smaller than 5 - 10 um that can remain
airborne and have short and long range transport capacity”. Larger droplets fall to the ground by > 20 um gravitational effect and are too

large to get through the air by inhalation; those in the 10 - 20 um range either fall to the ground or remain in the air [3-5].

In addition to discussing the importance of droplets smaller than 5-10 pum for aerosol transport, the researchers discuss the impor-
tance of size distribution and penetration from the respiratory systems. It has been reported that small droplets in the range of < 5 um

can penetrate the respiratory ways up to the alveolar cavity [2].
Scientific Publications that Record the Importance of Aerosol Transport for Viruses Similar to Covid-19

Transmission via aerosol has been reported to be a well-known and important route of exposure for infectious agents such as influenza
and other viruses, including corona-viruses. SARS-CoV-1 viral RNA was found in air samples, and long-distance aerosol transport has been

cited as the cause of disease spread in several studies [2].

The authors noted reports showing that viruses such as flu can spread in the air in pandemic situations, and that some agents can be
transmitted from atypical large distances due to aerosol formation. It was also reported that the potential for infection depends on the
dose of pathogen that the individual receives by inhalation and the role of the immune response, as well as relative humidity, temperature,

and other environmental factors necessary to keep airborne viruses alive.

In a study that examine the pathogen emission and transport by respiratory tract in turbulent gas clouds [6], it was shown that patho-
gen-containing droplets can travel up to 23 - 27 feet, also the droplet size, turbulence, speed of the gas cloud, humidity and temperature

were recorded to be important factors for distance. Covid-19 has been shown to stay alive longer in low (< 50%) humid environment.

In a study on aerosol transmission of infectious agents [3], “aerosol transmission” was defined as transmission from one person who

is infected with infectious agents that are known to be transmissible via airborne aerosol to another person.

A study has shown that seasonal covids can be spread through normal respiration with more aerosols than droplets [7]. More recent
studies on the propagation size of droplets show distances longer than 2 meters (=6 feet) [6,8,9].The maximum distance recorded in sev-

eral current studies is 8 meters (=26 feet) [6,10] and the risk of infection is well beyond the recommended distance.
Droplet sizes

In respiratory diseases, the dynamics of the droplets taken are related to particle size. Those with a size of 10 - 100 pm have been

reported to mediate medium-to long-term outbreaks in airborne transmission, while those smaller than 10 pm in diameter have been
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reported to cause short-term outbreaks with high attack effects. However, population dynamics are determined by pathogen infectivity

and host contact rates, among other parameters [11].

There is also no agreement on the identification of the way of transmission by droplet. There is a consensus that particles smaller than
5 um in diameter are airborne particles, but there are significant differences in the literature when it comes to the classification of the

lower size limit of droplets.

Wells [12] determined 100 um as the separation limit for the droplet path. However, in later studies it has been shown to have a
particle diameter of 10 um to-100 pm and more [13-15]. WHO uses a separation limit of 5 pm to distinguish the transmission routes of
aerosols (= 5 um) and droplets (> 5 um). However, there is a study that even particles more than 10 um in diameter can remain in the air

long enough not to fall [16].

Tang, et al. [1] reported that SARS-CoV-1 particles of 1 - 3 pm diameter remain suspended almost indefinitely, while it takes 17 minutes
for 10 pm to fall to the ground, 20 pm takes 4 minutes, and lastly 100 pm takes 10 seconds.

Covid-19 contagiousness

The contagion of COVID-19 has not yet been fully elucidated, but it is thought to be similar to Sars, which spreads through contact,
droplets and airborne transmission [17]. Although many experts in China and other countries have experience with SARS-CoV-1, officials

still do not accept airborne transmission [18].
The route of transmission accepted by medical authorities to this day is the transmission by droplets and contact.

However, there are some findings pointing to airborne transmission and the number of studies on this subject is increasing every day.

Although the certainty of the danger of COVID-19 is known, the dose-response is unknown and exposure routes are investigated [2].

Hand washing and maintaining social distance are key measures recommended by World Health Organization (WHO) to prevent get-
ting infected with Covid-19. However, unfortunately, these measures do not prevent infection caused by the inhalation of small droplets

that can travel within meters (up to ten meters) in the air, released by an infected person and carry viral contents.

To this date, there has been a focus on “near-field transmission” as a way of transmission, through coughing and sneezing from infected
individuals, and by hand-to-face transmission through contact from surfaces. It has not been focused specifically on aerosols, which are
a potentially important route of transmission. Sneezing, breathing and speech in asymptomatic individuals without a common cough

symptom cause small aerosol transport [2].

There are studies showing that airborne transmission of virus-laden particles is a route of transmission [1,18]. Due to studies showing

that SARS-CoV-1 can be transported and transmitted by air, it has been reported that Covid-19 is also likely to spread via air [2].

Limited sampling results in laboratory environments show that Covid-19 and SARS-COV-1 remain in the air and can travel long dis-
tances within the building. In the hospital setting, viral RNA has been detected in the air, in nearby corridors and inside the patient rooms
where Covid-19 patients received care [19]. The data suggest that viral aerosol particles are produced by people with COVID-19 disease,
even if they are not coughing, and that a significant proportion of the aerosol that is ejected through breathing is indicated to have a diam-

eter of less than 10 pm in all types of activity (e.g. respiration, speech, and coughing).

During the SARS outbreak in 2003, the increase of the risk of infection with SARS-CoV-1 of the residents on the top floor of a building,
was associated with the transport of aerosol from an infected person who lives downstairs, which has increased concerns about infiltra-

tion of respirable aerosols containing the infectious agent [17].
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In addition to the presence of covid-19 viral loads in the lower and upper respiratory tract [20] it has been reported that the airborne
persistence of the virus is possible 3 hours after aerosol formation in laboratory settings. A recent laboratory study on the survival of
Covid-19 on various surfaces includes data on the aerosol form. It was concluded that the virus can be contagious in aerosols for hours
and live on surfaces for days. It was shown that aerosolized Covid-19 was “able to live in aerosols throughout the experiment (three
hours)”, and that infectious titre decreased about 6-fold during that time frame [21]. It was also stated that the results are similar to those
in SARs-CoV-1. In aerosols “ half-lives of Covid-19 and SARS-CoV-1 were found to be similar. Their median values were reported to range
from about 1.1 to 1.2 hours with 95% reliable interval of 0.64 to 2.64 for Covid-19, and for SARS-CoV-1 it changed between 0.78 to 2.43.

However, there is not enough information available in the sources that directly addresses the transport of Covid-19 via aerosol.

“21% century health threats” letter of the National Academy of Sciences (NAS) committee stated: “Although specific research on Co-

vid-19 is limited, the results of current studies are consistent with the aerosolization of the virus from normal respiration”.

The letter answers questions from the Office of Science and Technology Policy regarding the possibility of transmission of the Covid-19

virus through speech in addition to sneezing/cough-induced droplets [22].

After the examination of the samples from indoors from the Prince of Wales Hospital in Hong Kong [23-25], at health facilities in
Toronto [26] and on the plane [27] it was demonstrated that airborne transmission is the main transmission route. Other examples of
airborne viral infections include the spread of the Norwalk-like virus among school children [28] and infection with influenza A/H5N1

virus among ferrets [29].

The report which examines the evidence and issued by WHO in 2009, states that viral infectious diseases can spread in distances with
aerosols in interior spaces, and can result in big infection accumulations in short time. Considering many similarities between the two
SARS viruses and the evidence for virus transport in general, the Covid-19 virus is also likely to spread by air [22]. Experts on droplet
dynamics and airflow in buildings agree on this [30]. Covid-19 was shown to be in the air in open spaces at the hospital entrance and in

front of a store, and it was concluded that asymptomatic individuals in those areas may have contributed to these results [31].
Covid-19 in interior spaces

As the viruses circulating in the air are not easy to detect directly, public health authorities do not focus on airborne transmission of
influenza and Corona viruses. However, the fact that there is no simple method to detect the existance of virus in the air does not mean
that the viruses are not circulating in the airImmediately after exhaling, the particle, which is like a feather carrying the expelled viral

content, is diluted with air and moved by air flow [18].

In the indoor environment, the concentration of the virus does not increase stably, but it only rises in the airflow if there is sufficient
ventilation [32]. Therefore, the airflow from the infected person to detect the presence of the virus requires sampling information and a
long sampling time enough to collect sufficient samples of the viruses. Microbiologists collecting viral samples are not normally experts
on building flow dynamics, and in practice it seems that current virus detection methods will require a long period of time for their sen-
sitivity [26].

Retrospective modeling studies showed that SARS-CoV-1 was airborne in 2003 [23-27]. Although we still do not have all the necessary
data regarding Covid-19, including the characteristics of interior spaces where Covid -19-related infections occur, the analysis of the first
Covid-19 model that broke out in China, especially in areas outside of Wuhan, for example, such as Guangdong and Tianjin, revealed many
examples of contactless transmission [18]. On the cruise ship, where there were many passengers and thousands of people were infected,
most of the infections occurred after careful hand hygiene was applied, direct contact was restricted and passengers were isolated in their

cabins. Therefore, it is debated whether the ventilation system that emits the airborne virus is one of the causes of the infection. It was
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also hypothesized that airborne transmission was partly responsible for a large number of infections during a choir study in which 45 out

of 60 choir members were infected [18].

Despite strong evidence and hypothesis, people all around the world seem to believe that only direct contact is to blame for the spread-
ing of the viral infection. When we are faced with a new COVID-19 viral outbreak, all the evidence that is currently available and former

experience point out to the fact that an alarming situation may arise.
Possibilities of transmission from asymptomatic individuals
Asymptomatic individuals do not know that they are infected with Covid-19, as they do not cough or sneeze.

Scientists from the Centers for Disease Control and Prevention (CDC) and the National Institute of Health (NIH) in the United States
have discussed transmission from asymptomatic people and stated that coughing and sneezing may not be the only important way to

spread the active virus [2].

Case reports on infection were published in studies which show that normal breathing and speech in asymptomatic individuals pro-
duce small droplets in a size that can be carried by aerosol [2]. While experimental data that record aerosolized covid-19 particles that
remain in the air for hours is limited, there is some data that they can be transported over distances, including outside of rooms and inside
buildings. Supporting the importance of aerosol transmission of infectious diseases, these data show that urgent attention should be paid

to the importance of the effects of aerosols on public health.

Researchers in China have indicated that asymptomatic COVID-19 transmission is a possibility after studying five family members who

become symptomatic after contacting with an asymptomatic family member who visitied them from Wuhan [33].
Zou.,, et al. [34] identified viral loads with featureless CT scans in an asymptomatic patient, similar to those without symptoms.

Wei,, et al. [35] reported possible “pre-semptomatic transmission” in seven case groups after investigating all 243 COVID-19 cases
reported in Singapore between January 23 and March 16. In addition, the researchers assessed that a large proportion (79%) of transmis-

sion cases in China were from untested individuals, possibly because a large proportion of them were asymptomatic [36].

Case reports that show the transmission of virus to others from Covid-19 infected asymptomatic individuals with normal breathing,

speech, etc. mainly report the role of small droplets of < 1 um size in aerosol transport [2].

A limited number of empirical data that detect aerosolized Covid-19 and SARS-CoV-1 particles suspended in the air for hours indicate

that they are transported over long distances, including outside of rooms and inside buildings [2].

In a study, which was conducted at a hospital in Wuhan, the surface and aerosol distribution of covid-19 in various parts of the inten-
sive care unit and in general ward sections of the hospital were measured. The findings confirm that exposure to covid-19 aerosol poses
arisk [37]. The researchers suggested that the distance could not be determined precisely because of the limitation of the amount of live

virus and its infectious dose in the transmission samples, but it could be 4 metres (13 ft).

Numerous literature reports that aerosol droplets are dominant in normal individuals during normal breathing and speech and oc-
casionally while coughing [38-41]. There is also consensus among studies that with normal breathing and speech, most of the size that
causes spread (80 - 90%) is through droplets that are in the <1 um range [41]. In short, these observations and similar observations have
gained increasing acceptance in the daily public press, and it is argued among medical staff that transmission from asymptomatic indi-

viduals is an important transmission route [18,30,42].
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Dentistry-Covid-19

Since dentists are exposed to saliva, blood and aerosol / droplets in most dental treatment procedures, they are professionals who face

the greatest risk for coronavirus within different study categories [43-46].

There are many dental procedures such as restorative dentistry, root canal treatment, ultrasonic scaling, curettage, periodontal dental
surgery, prosthetic dentistry, orthodontic treatment, dental implant surgery and surgical removal of third molars. The use of high-speed
rotating instruments or ultrasonic scalers can produce aerosols. Microbial aerosols can also be emitted during dental procedures. These
aerosols are liquid or solid molecules that are suspended in the air and contain bacteria, virus, fungi, saliva, and blood. Aerosols produced
during dental procedures not only reduce indoor air quality, but are sources of infection that may pose a threat to the health of dental
personnel [47-49].

Investigation of pollution in dental clinics is focused on methods of reducing the contamination of the air and various infectious dis-
eases (tuberculosis, hepatitis, upper respiratory tract infections, and other viral or bacterial diseases) that emerge as a result of contami-

nation during dental treatment procedures [50-53].

For this purpose, contamination levels of air, water and surfaces before, during and after dental treatments were analyzed [54-56].
Bacterial aerosol pollution levels were compared between different positions in different dental treatment environments and in the same
dental clinics [57,58].

Intensive aerosol production and persistence during dental treatments expose dentists to the risk of inhaling small particles and drop-
lets that are reported to potentially carry microorganisms such as bacteria and viruses [59]. For this reason, it is very important to protect

both the health of the patients and the staff from the virus by creating a safer working environment [60].

Due to the rapidly developing pandemic, in terms of dental transmission of Covid-19, data on clinical experience in dentistry is scarce.
There are studies that confirm Covid-19 transmission can occur through inhalation of aerosols/droplets from infected individuals dur-
ing dental procedures or through direct contact with mucous membranes, oral fluids, contaminated instruments and surfaces [61-63].
In these studies that are mostly from China, the risks associated with dental practice and recommended infection management protocols
for dentists have been identified [44-46]. The study conducted in 2020 by Meng,, et al. reported data on clinical activities To., et al. [64]
proposed that saliva from infected individuals is a Covid-19 reservoir, therefore aerosol-producing procedures should be reduced.

Covid-19 has been reported to be able to stay alive for up to 3 hours in aerosol and have a fairly long half-life of about 1.1 to 1.2 hours
[21], suggesting that the production of aerosols and droplets during routine dental procedures will have a significant impact on the con-

tagion of the virus [65].

In a study conducted by Xu.,, et al. [46]] the infectious risk of oral cavity was assessed, and data revealing the ACE2 host cell receptor

for Covid-19 was present in mucus, was obtained.

Helmis., et al. [65] studied the air quality parameters and the aerosol distribution in 6 different branches of dentistry (pediatric den-
tistry, craniofacial, periodontology, general dentistry, equipment disinfecting room and patient waiting area). The highest atmospheric
concentrations (PM10, PM2.5 and PM1) is located in the department of periodontology, while the lowest concentrations occurred in the
patient waiting area. The highest rate of airborne bacteria was found in the patient waiting room. (1299.25 CFU m- 3, It was reported that
94% of these bacteria were gram-positive bacteria, and most of them (25%) were found in the pediatric clinic, least of them were found
in the equipment disinfection room (9%), and the major pathogens were identified as micrococcus luteus and Bacillus cereus (Liu., et al,
2017).
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Indoor air quality in dental clinics
Air quality in dental clinics must comply with the following ISO standards:
e ISO 14644-1: Clean Room standards (2015): classification of air cleanliness by particle concentration
e ISO/DIS 14644-1.2 (2018): specifications for observing air purity with nano-scale particle (ultrafine) concentration

According to these standards, the maximum number of particles with a size of > 1 um that can be found in clean room air is 8320/m?,

while the maximum number of particles with a size of = 5 um is 293 /m?. This corresponds to class 1000 according to FED STD 209E [66)].
The importance of air quality in dental clinics

In dental clinics, indoor air is 5 times dirtier than outdoor air. The air of the clinic is full of pollutants such as bacteria, viruses and

chemicals like mercury and disinfectants. These chemicals can pose a serious threat to the health of staff and patients.
It is important to maintain good air quality to protect dental staff and patients from many harmful airborne pollutants.

In routine dental treatments, many chemical compounds may emerge that may be harmful to those exposed to these contaminants.
These pollutants can be caused by dental equipment, such as high-speed rotating tools. Dentists are liable to provide safe working condi-
tions for employees and to keep patients healthy. Volatile organic compound sensors should be used to detect substances with adverse

health effects including liver and kidney damage and cancer, such as formaldehyde and ketone [67].

Solutions to increase indoor air quality in dentistry clinics

Temporary solutions
Use of disinfectants on surfaces. (It can be time consuming, costly and harmful):

Cleaning products, that contain bleach, emit chlorine-containing compounds such as hypochlorous acid (HOCI) and chlorine gas (Cl,),
which can accumulate at relatively high levels in poorly ventilated indoor environments. These gases can react with other chemicals com-
monly found in homes, such as limonene, an orange or lemon-scented compound added to many personal care products, cleaners and
room sprays. Also, the interior lighting or sunlight from windows can split HOCL and CI, into a hydroxyl radical and chlorine atom, which
can react with other compounds to form air particles called secondary organic aerosols, and these pollutants may cause respiratory prob-

lems and other adverse health effects.

Instead of using hypochlorous acid as a spray in the disinfection of room air, it is preferred to let in fresh air and disinfect with filters
and UV that hold viruses. Although there have been studies on the use of hypochlorous acid in wound disinfection and mouthwash since
the 2000s, the doses used should not be in a level that is irritating for the skin and especially eyes (non-irritating dose for eyes: 0.013%
HOC], non-irritating dose for the skin: 0.01, 0.03, and 0.1%, without any toxic effect in animal experiments in 28 days: 0.01, 0.03, and
0.1%).

It is reported that it has never been used as a pharmaceutical drug in the treatment of infection because of its chemical structure and

there are not enough convincing toxicity studies [68-70].
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Long-term preventive solutions

Air filters, Slow-release active chemicals (titanium dioxide, TiO,), UV-C light and Negative ions: Dental clinics have many different op-

tions for cleaning the indoor air.
When choosing a solution, it is important to consider these selection criteria:

Filtration system-the first and most prominent one. Filters are of great importance in eliminating viral and bacterial pathogens that
can be present in the air after being released from infected living beings. Especially in order to protect indoor ventilation equipment and
maintain healthy indoor air quality, filters capable of handling large amounts of air are installed in buildings’ heating and air condition-
ing (HVAC) systems. One important issue revealed by the Covid-19 pandemic is whether the filters of the central ventilation systems in
healthcare institutions transmit the viruses. Central ventilation may be harmful in terms of cross contamination to occur. These venti-
lation filters, which are used in hospitals and have different types, are important in determining the types and concentrations of virus

aerosols in the environment [67,71].

The most important question here is whether respiratory system filters can prevent virus particles from an infected patient from
entering the respiratory system and passing through the ventilator into the air and prevent airborne virus spread [72] If these filtering
devices cannot contain the virus and protect health workers, there is a great risk. Therefore, filters which are previously known to hold
various bacteria, viruses (Mycobacterium tuberculosis, Staphylococcus aureus, hepatitis C virus, HIV, influenza A virus, HIN1, corona
virus) and pathogenic proteins should be used. Such filters are hydrophobic mechanical filters that have a very high efficiency rate of
bacterial and viral retention in the air (= 99,999%) and it have been reported that they have the same retention efficiency for liquid-borne

bacterial and viral contamination [73,74].

Filtration efficiency of mechanical filters tends to increase over time as the substances held on the filter form a layer (“filter shell

layer”), which has been reported to gradually increase particle retention [72,74].

The filters used in dental clinics should be able to remove all air pollutants effectively and efficiently. In addition to killing bacteria and

viruses by using UV-C light, an effective filter system should be able to remove dust, volatile organic compounds, mold, bacteria and odor.
Air purifiers used in dental clinics should have specific characteristics [75]:

e  The air flow capacity of the filter system-Air flow rate (1ft>/min=0.028 m3/min) that the system can use must be considered, and

to provide the necessary efficiency, the dentist office should be ventilated at least once in 30 minutes.

e  Sound level of the filter system: The sound that air creates when passing through an air cleaner should not be disturbing. A good
air cleaner should be able to provide a large air flow capacity at a volume level of 50 dB (decibel). A silent dishwasher produces

approximately 50 dB of sound and human speech produces 60 dB of sound.

e Airreenergization-It has been reported that reenargization of indoor air can help people maintain high levels of cognitive func-
tion. lon generators are thought to re-energize the interior air. It is thought that breathing reenergized air can increase oxygen

flow to the brain and increase alertness, reduce lethargy and result in more mental energy.

Humidity level

Other important factors are temperature, relative humidity, the effect of ventilation on droplet propagation and there have been only
a few studies [76].
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Relative humidity has been shown to play an important role in the evaporation of droplets and the distances at which droplets can
travel to. As relative humidity increases, it has been reported that the degree of droplet propagation decreases [77,78], but due to the
buoyant force of the cloud formed by breathing, it has been found that the distance that the cloud pushing the droplets can reach horizon-
tally increases with the increase in relative humidity [79]. For droplets smaller than 20 pm in diameter, the local air flow area caused by
body temperature is an important factor in determining the extent of contagion because the droplets can be lifted upwards into the re-
spiratory region [80]. Studies have also shown that, depending on the flow direction and the air flow pattern, the long-range of increased

ventilation can effectively reduce the risk of airborne transmission [81].

Especially, differences in temperature and humidity affect how determined and contagious viruses are. Some data suggest that cold

and dry weather may contribute to flu transmission in winter [82,83].

Dry air affects viral transmission in 2 ways. Firstly, when cold and dry air enters the interior and warms up, the relative humidity in
the interior drops by about 20%. This kind of drop in moisture makes it easier for viral particles in the air to move. Secondly, the hair-like
organelles on cells in the body’s airways, that are called cilia, can’t do their job in dry weather conditions, either, and they can’t expel viral

particles.

One study found that mice in an environment with 10% relative humidity impaired the clearance of the influenza virus compared to
mice in a 50% relative humidity environment, and it was shown that exposure of mice to dry air impaired epithelial cell repair in the lung
after influenza virus infection. Furthermore, several studies conducted with mice have shown that the immune response to viruses is less
stronger in drier conditions. For example, one study found that rodents in environments with 10 - 20% relative humidity “succumb to
influenza virus infection faster than those at 50% relative humidity” and reported that the ideal humidity could be 40 - 60% [2,80].

However, it has been reported that very humid outdoor air can also increase viral spread. For example, in the tropics, airborne droplets
that contain the virus have been found on interior surfaces where the virus can remain alive for longer. It has been reported that many
houses and buildings in such areas are poorly ventilated and the benefits of high humidity are reduced as people often live in close prox-
imity [82,84].

The lipid-enveloped virus such as Covid-19 has been observed to have a half-life of about 3 hours at about 80% relative humidity, and

stay alive longer at low (< 50%) relative [2].

It has been scientifically proven that the optimum humidity level in internal environments, including dental clinics, should be 40-60%
(2,80).

What can be done to improve indoor air quality?
Recommended Technologies According to the Directives of Environmental Protection Agency (EPA-USA):
(H.E.P.A) Filters that are evaluated according to merv (Minimum Efficiency Reporting Value) scale

It has been proven for decades that HEPA filters (high-efficiency particulate) control the effectiveness and contagion of airborne par-
ticles and organisms such as viruses and bacteria. The efficiency of HEPA filters is measured with MPPs (most penetrating particle size),
MPPs range from 0.1 to 0.2 micrometers [85]. Bacteria and viruses are usually smaller than this, but they attach themselves to larger
particles. HEPA filters do not actively Kkill living organisms, but capture and keep them in the filter's matrix [86]. It cleans 99.97% of all
particles in the air which are in the size of 0.3 um and bigger. Particulate pathogens (viruses, bacteria, and infectious organisms) contain

allergens and carcinogens [87].
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Antiseptic UV lights (UV-C)

UV-C light emits a germ-Kkilling ray at a wavelength between 200 - 300 nm. This reacts with DNA and permanently changes the struc-
ture and molecular bonds of microbiological pollutants such as bacteria, viruses, germs, mildew and mould [88]. It has been scientifi-
cally proven that ultraviolet germicidal lamps (UVC) which work at the right intensity at 253.7 nanometers, can effectively prevent cross
contamination of airborne diseases such as Aspergillus Niger, Legionella, ARS, Bacillus Anthracis, Acarus, factors that cause allergies and
sinusitis, tuberculosis (TB), and H1N1.

Magnetized air filtration (Electrostatic Filters)

Electrostatic air precipitators capture electrically charged particles with electrostatic attraction. They draw the air from the ionization
section where the particles receive an electric charge. Charged particles then accumulate on a flat plate called the collector that is con-

versely charged [89]. Electrostatic charged nanofiber filters have been reported to be excellent in capturing COVID-19 [90].
Bi-polar ionization (Germicidal Medical Lamp)

e Airion generators or ionizers disperse negatively charged ions (anions) into the air, similar to electronic air purifiers but with-

out a collection plate.

e  These ions cling to airborne particles, making them heavier and allowing them to fall faster to the ground away from the nasal

respiratory region.

e Negatively charged oxygen molecules act as hydroxyl radicals, neutralizing odors and destroying the DNA of pathogens and al-

lergens.

e Studies show that anions can refresh indoor air, reduce fatigue and stress, alleviate depression, strengthen the collagen, func-

tions of autonomic nerves and the immune system [91-93].

Photo-Catalytic Oxidation (Nano TiO,)

Nano titanium dioxide (Ti02) converts biological and gaseous pollutants into harmless products through a process called photocata-
lytic oxidation (PCO).

When applied as a coating and exposed to ultraviolet or ambient lighting, Nano-TiO2 produces hydroxyl radicals and super-oxide ions

that will neutralize biological and gas pollutants in indoor air [94,95].
Conclusion and Recommendations
Recommendations for the prevention of airborne contagion
Transmission of airborne diseases can be restricted in three ways:
e To control the source of infection by quarantine and the use of isolation facilities
e  Controlling the transmission routes in the air using negative pressure ventilation systems

e Sliding doors instead of hinged doors and the improvement of seals around doors and windows; and protecting susceptible
individuals from the exposure to virus which is transmitted through contact with both aerosol and infection by using personal

protective equipment (PPE) [1].
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Transmission of pathogens over long distances is directed by air flows driven by pressure differences which is produced by ventilation
systems, open windows and doors, movement of humans, or temperature differences. Due to the connection between airflow and droplet

dynamics in indoor spaces in buildings, all precautions regarding indoor air must be taken to ensure there is no contamination by air [18].
Recommendations on the contagion of Covid-19

As evidence emerges on the mechanisms of transmission through scientific studies on Covid-19, which has a significant contagion ef-

fect in indoor environments, studies on aerosols, which are important for public health safety, also increase [2].

However, as of now, no country or authority has reported any conclusive results regarding the “airborne spread” of COVID-19 in their
arrangements for the Covid-19 transmission in the interior spaces. The latest information from China and the United States about the
presence of viruses in the air is very different from each other, in some studies there is no mention of airborne transmission, while there
are some which accept the possibility of this transmission. According to the results of a limited number of studies, it is very important
that the authorities acknowledge the fact that the virus is airborne and recommend that the droplets loaded with the Covid-19 virus be
removed from the indoor air through ventilation and that adequate control measures be implemented to prevent further spread [18]. As
more detailed information is obtained, longer-term protective strategies will be developed to prevent contagion (transmission) and inci-
dence of Covid-19 [2]. Researchers report that if the air transmission route is not taken seriously during the outbreak, it will be too late
when the pandemic is over and retrospective data shows the importance of airborne transmission, also measures taken now will better
prepare communities for the next outbreak disaster. The fact that the time lost means more infection and more loss of life should not be
forgotten [18].

The public health guidelines issued to prevent the continued spread of the virus should be updated, adding information on aerosol
transmission and protection from Covid-19 by inhalation route. While the evidence on the role of aerosols in the transmission of viruses
in people with Covid-19 is known more extensive research which states the importance of aerosol transmission and investigates the virus
duration of survival and the distances it can travel in the air, its concentration, the effects of temperature and humidity and the dose values

in various particle sizes which can reach the respiratory system, is needed [2].
Improving indoor air quality
Ventilating rooms

The main determinant of contamination is airing the room with fresh air, which serves to dilute the concentration of infectious matter

particles in the air [95].

It has been reported that the airing of rooms can lower levels of fine particles. Emission rates for fine and coarse particles were found

to be almost equal, also coarse particles were found to be prone to deposition on internal surfaces [65].

The corona virus, despite its low concentration, affects the lungs due to high levels of exposure and inhaling large amounts of the
infected air. Higher air flows in these areas will have a dilutive effect depending on important factors such as wind speed, humidity and

temperature during exercising outdoors [2].

In spite of this, aerosols formed due to Covid-19, their concentrations in the air, its life span, the distance it can travel to, and its role

in large indoor places where people gather such as mosques and churches, and outdoor areas such as stadiums need to be investigated.

The potential of aerosol contamination of buildings, rooms and surfaces should be investigated.
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The role that human activities play in aerosols which have the potential to transmit Covid-19 in both indoor and outdoor areas must be

determined. Necessary measures to prevent exposure via respiration to indoor aerosols of 5 pm or smaller in size, should be investigated

[2].

Room airing can be provided mechanically with ventilation systems that can distribute negative pressure. Such systems require special
expertise for design and are expensive to install and maintain [95]. Instead of these systems, natural ventilation just by opening windows,
can provide higher rates of air change at a little cost or for free, but it depends on climate. The system providing natural ventilation should

be developed within the existing infrastructure [95].

Measures to improve indoor air have been reported to include increasing ventilation rate, using airing- natural ventilation, avoiding air
circulation, preventing another person from being in direct airflow, and minimizing the number of people sharing the same environment
[81].

In buildings that may have natural ventilation, it is necessary to maximize it. As the number of people increases, viruses show a certain
stability in internal environments due to possible accumulations of virus-carrying droplets. Therefore, it is routine to attach importance
to provide adequate ventilation in hospitals. Personal protective equipment, especially masks and breathing masks, are recommended
where fresh air is not sufficient [7,96]. The National Health Commission of the People’s Republic of China has published a series of pre-
vention and control guidelines with the aim of supervision of the prevention and control of the outbreak, and as of March 12, 2020, the

rules have been updated six times [18].

Recommendations For Dental Clinics

Necessary Steps to Clean the Air in Clinics [60,97]:
e  The safest way is airing (even in mechanically ventilated buildings).
e Ifventilation is to be used:

Air purification systems can play a role in significantly reducing infectious bio-aerosols. In a dental clinic setting, the most practical and
useful solution is the use of independent air filter systems that clean dirty indoor air by constantly pulling out and emptying clean filtered

air from the room. Filters should prevent cross contamination and cross infection.

Although reducing Aerosol production is one of the preventive measures against Covid-19 infection, it is recommended that the indoor

air is renewed frequently during and after dental treatment by opening windows in the patient’s room or using mechanical ventilation.

e  Ventilation should be operated at least 2 hours before the use of the clinic and 2 hours after the use of the clinic it should be

switched to low speed.
e  Ventilation should not be turned off at night and at weekends, but the system should be kept operating at a lower speed.
e  Opening windows should be avoided in toilets to ensure proper ventilation direction.
e  Toilets should be washed with a closed lid.

e While there isn’'t any evidence that anyone has fallen ill with COVID-19 due to exposure to wastewater, the fact that the virus that

cause COVID-19 exists in untreated waste water, increases the importance of hygiene measures.

e Indoor air circulation units must be transferred to 100% outdoor air.
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e  Heatrecovery equipment should be examined to ensure leaks are under control.

e The fan coils must be closed or the fans must be operated continuously switched on.

e  Heating, cooling and possible humidification setting points should not be changed.

e  Ventilation duct cleaning should not be planned during this time.

e  Central outdoor air should be replaced and air filters removed according to the maintenance program.

e  Regular filter replacement and maintenance work, including respiratory protection should be done with protective measures.

e Since the virus tends to stay in airborne particles, it is recommended not to remove personal protective equipment before leav-

ing the contaminated area.
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