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ABSTRACT

Introduction: The COVID-19 pandemic has been a significant global health challenge. Primary care
services, such as screening health centers, were crucial in identifying infected individuals. However, these
centers were often crowded and posed a high risk to staff and non-COVID-19 patients. This study aims to
assess the risk of airborne transmission of SARS-CoV-2 in such settings through simulation.

Material and Methods: In this study, waiting and sampling rooms of a COVID-19 healthcare center were
simulated using different scenarios. Then, the Quanta emission rate was estimated using the viral load in
the sputum of infected individuals. Finally, the airborne transmission risk of SARS-CoV-2 was determined
using the Wells-Riley method for scenarios of wearing and without masks.

Results: The study showed that the Quanta emission rate in an unmodulated speaking activity was higher
than other expiratory activities in both units (p <0.001). Also, the total amount of Quanta was slightly
higher in the sampling room than in the waiting room, which was not statistically significant. On the other
hand, the calculation of transmission risk showed that the probability of airborne virus transmission in the
sampling room was higher (about 2 to 8%). In addition, wearing masks reduced the possibility of airborne
transmission of the virus significantly (77 to 81%).

Conclusion: This study shows that the level of risk in the sampling and waiting rooms is moderate. Masks
also significantly reduce the possibility of airborne transmission of SARS-CoV-2. Taking appropriate health
and safety measures such as avoiding crowds, wearing masks, whispering, and monitoring social distancing
can reduce the plausibility of airborne transmission of the SARS-CoV-2 virus.
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1. INTRODUCTION

COVID-19, a respiratory illness caused by
the SARS-CoV-2 virus, was declared a pandemic
by the World Health Organization on March 12,
2020. Since the outbreak began, approximately 770
million individuals have been infected, and about
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7 million have died. Identifying and evaluating the
various transmission routes of the SARS-CoV-2
virus may aid in reducing the number of cases. One
of the primary modes of transmission is through
airborne droplets. However, limited studies have
investigated the potential for airborne transmission
of SARS-CoV-2. One study conducted a risk
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assessment by simulating an indoor environment.
It proposed a new approach to estimating the viral
load released by an infected individual based on
factors such as viral load in the mouth, type of
respiratory activity, physiological and respiratory
parameters, and activity levels.

Recently, Iran has experienced a significant
surge in cases and hospitalizations, resulting in
nearly all hospital beds occupied by COVID-19
patients. Some existing healthcare centers were
designated screening centers; however, these
centers were too crowded and considered high-risk
environments.

There are a limited number of studies regarding
the airborne transmission risk of viruses, and
there needs to be a comprehensive understanding
of how different parameters affect the risk of viral
transmission through the air. In addition, these
studies can help in planning to deal with pandemics
in the future effectively.

Thus, this study aims to evaluate the potential
for airborne transmission of COVID-19 within
a designated healthcare facility treating Corona
patients and to examine the effectiveness of mask-
wearing in reducing the spread of the virus.

2. MATERIAL AND METHODS

1. Scenarios: This study examined two scenarios
in the investigated units. The parameters considered
in these scenarios included the type of activity, the
number of patients, the duration of exposure, and
the inhalation rate, as shown in Table 1.

- Sampling Room: The activity types considered
were sitting and walking. The laboratory technician
was exposed to an average of one patient (in the
first scenario) and two patients (in the second
scenario) during shifts lasting 240 and 300 minutes,
respectively.

- Waiting Room: The predominant activities
were sitting, standing, and walking. In the first
scenario of this unit, an employee was exposed to
ten patients during a shift lasting 270 minutes. In

the second scenario, this individual was in contact
with 20 patients during a shift lasting 360 minutes.
2. Risk assessment: A) Quanta Emission Rate
In this study, it was assumed that the viral load
released by an infected individual is equivalent to
the viral load in their sputum. Based on the model
proposed by Buonanno et al., the Quanta emission
rate was determined using the following equation:

4
ER = CC.IR. ilel.Vl (1)

Cv: viral load in sputum; Ci: Conversion
coefficient; IR: Inhalation rate; Ni: droplets
concentration; Vi: volume of each droplet

In this study, the viral load in sputum was
determined to be 10° copies/ml, based on previously
reported values for C. As the C, value for SARS-
CoV-2 has yet to be established, the value for SARS-
CoV-1 was used instead. The IR was calculated
according to the activity type of individuals, while
N, the same as droplet diameter, was adopted from
previous studies.

B) The airborne transmission risk of the virus
was determined using the Wells-Riley model, as
expressed in the following formula:

Px100=1—e(—M

) )

P: Probability of airborne transmission of
the infection; I: Number of patients; ER: Quanta
emission rate; IR: inhalation rate; t: Duration of
exposure; Q: Rate of outdoor airflow

In this research, the assumption was made that
wearing a mask decreases the probability of viral
transmission by 70%. As such, this impact was
factored into the computation of both ER and Q.

3. RESULTS AND DISCUSSION

According to Figure 1, an increase in viral load
results in the growth of the Quanta emission rate
for all types of activities. Furthermore, ANOVA
statistical analysis showed that the Quanta rate

Table 1: The scenarios of two units

Scenario Type of Activity

Total exposure Inhalation

Number of patients

Sampling

Sitting and strolling
room 2

Sitting, standing, and

Waiti
aiting room 2 strolling

[ DOW!

time rate
One patient 240 Minutes 3
0.935 —
Two patients 300 Minutes
Ten patients 270 Minutes m3
0.8 —
twenty patients 360 Minutes h
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Fig. 1: Rate of Quanta released from infected individuals (ER) in the studied units in terms of sputum viral load (C )

Table 2: Parameters of airborne transmission risk of the virus for different scenarios

> o) m 3 ER P (%) m 3 ER
Unit N Q(—) quanta transmission ) Q(—) quanta %
(transmission risk) . ( 7) N 5 ( 7)

min h (risk min h
Sampling room- the first scenario 6.9083 22.42355 25.75176 33.345607 13.19032 85.83921 26.437307
Sampling room- the second scenario LRl 33.63532 BRI SHEDH LB S 37.892818
Waiting room- the first scenario 6.4948 116.8086 13.07349 31.65048 68.71097 43.5783 25.15568
Waiting room- the second scenario 7.9537 222.9983 13.07349 41.23019 131.1755 43.5783 33.27649
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in unmodulated vocalization was significantly
higher in both units (p <0.001). Also, breathing
had a lower rate of emission than other activities.
The study indicated that unmodulated speaking
generates more Quanta than other expiratory
activities. The presented study results align with the
mentioned study’s results probably because of the
same concentrations of droplets emitted in various
expiratory activities. Schijven et al. investigated
sneezing and coughing as respiratory activities
and showed that they release the most significant
aerosols. Also, in line with the results of this study,
breathing generated the lowest volume of aerosols.
As shown in Figure 1, the Quanta emission rate in
the sampling room is slightly higher than in the
waiting room, and this difference was insignificant
in the various activities. Indeed, there were
different expiratory activities in these units. The
mean values of inhalation rate for the activities in
the sampling and waiting rooms are 0.935m*/h and
0.8 m?/h, respectively, which, based on equation 1,
the Quanta concentration in the sampling room
would be more than the other unit. According to
Table 2, the risk assessment result showed that the
risk of airborne transmission of SARS-CoV-2 in
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the waiting room is lower, which could be due to
the unit’s significantly lower Quanta emission rate.

Moreover, in both units, the risk of airborne
virus transmission in the second scenario was
more than in the first. The exposure time and the
number of infected people in the first scenario were
lower than in the second one, resulting in a lower
infection transmission risk. Therefore, limiting the
number of patients present in the units decreases
the exposure time of staff.

In a study by Buonanno et al., the airborne
transmission risk of infection was assessed
before and after implementing health and safety
measurements. Various scenarios for public places
such as pharmacies, supermarkets, restaurants,
post offices, and banks were designed. The study
results indicated that the risk of transmission
in restaurants was higher than in other settings.
Indeed, more people are present simultaneously
in restaurants, leading to more transmission risk.
Thus, it is in line with the findings of the present
study. The simulation results of another study at
short and long distances from the source showed
the possibility of infection transmission in indoor
environments at both distances.

781



https://journals.tums.ac.ir/jhsw/article-1-6909-en.html

led from journals.tums.ac.ir on 2026-06-24 |

P. Ahmadi Jalaldehi et al. / Risk Assessment of Airborne Transmission

P (%)

60

49.13
50

40
33.34

30

20
11.24

) . .
, 1R
Sampling room Sampling room
First senario Second senario

B With wearing mask

41.23

31.65

6.49 7.95

Waiting room Waiting room
First senario Second senario

B Without wearing mask

Fig. 2: The risk of airborne transmission of the COVID-19 virus in different environments and scenarios before and
after using a mask

Ontheotherhand,inthestudyofBuonannoetal.,
Health and safety measurements and Lockdown
scenarios reduced the risk in all the studied
settings. The decline was more significant in the
supermarket than in the other workplaces. By
investigating the parameters of the scenarios, it was
found that fewer people and decreased exposure
time in the supermarket during the lockdown have
significantly reduced the risk.

Furthermore, as shown in Figure 2, this study
showed that wearing masks decreases the risk of
airborne transmission of infection significantly
(77-81%). This result is similar to the findings of
previous studies. Harrichandra et al. Conducted
a study to evaluate the probability of SARS-
CoV-2 airborne transmission in New York City
beauty salons and found that using a mask could
significantly reduce the risk of virus transmission
in all nail salons. In another study, the transmission
risk of infection was estimated based on two
types of intense and moderate activities under the
conditions of using N95 masks. It was shown that
mask violation increases the probability of virus
transmission by 19 to 20 times in both activities.

Another  investigation  examined  the

[ DOW!

transmission risk concerning two  distinct
categories of vigorous and moderate activities
with N95 masks. The findings underscored that
abstaining from mask utilization across both
activity classifications augmented the susceptibility
to virus transmission by a factor ranging from 19
to 20-fold.

4. CONCLUSIONS

This study shows that the level of risk in the
sampling and waiting rooms is moderate. Masks
also significantly reduce the possibility of airborne
transmission of SARS-CoV-2. Taking appropriate
health and safety measures such as avoiding crowds,
wearing masks, whispering, and monitoring social
distancing can reduce the plausibility of airborne
transmission of the SARS-CoV-2 virus.
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