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Abstract

In this field study, lecture room S2 at NTNU
Gloshaugen, where a real COVID-19 infected student
was present during a two-hour lecture, was investi-
gated to calculate the probability of infection risk. The
ventilation system in S2 is mechanical balanced venti-
lation. The results show that the probability of getting
infected in S2 with one infected student is 0.098%,
which is significantly lower than other studies. The
result is in line with the fact that no other students
were infected after attending the lecture in S2.

Introduction

Students spend a lot of time in lecture rooms, where
they are closely seated and there is a great risk of infec-
tion during the COVID-19 pandemic. Viruses can
be transmitted in three different ways: through direct
contact, droplet transmission or airborne transmission.

In the beginning of the pandemic, it was assumed
that the virus could not transmit through air, however
current research show there is a high possibility that this
is the case [1]. It is assumed in this study that the coro-
navirus is in fact an airborne disease. A well-functioning
ventilation system can decrease the possibility to get
infected by an airborne virus, such as the coronavirus.

Previous studies have shown that too high or too low
relative humidity is favourable for the survival of the
coronavirus, especially for very low relative humidity.
The optimal range for relative humidity and human
health is 40-60% [2]. According to the University of
Sydney [3], relative humidity and infected covid-19
cases have a negative correlation. They found that a
1% decrease in the relative humidity causes a 6-7%
increase in infected cases. In addition, ventilation plays
a key role to control the indoor air quality. Norwegian
building regulation TEK17 states that ventilation
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rates for people with a light activity level should be
minimum 26 m3/h per person [4]. While as for ven-
tilation for building materials, it varies in the range
of 2.5-7.2 m3/h per m? floor area according to the
emitting materials [5].

Few studies regarding the infection risk have been
done in lecture halls with mechanical ventilation. The
objective of this article is to quantify the probability
of infection of COVID-19 in a large lecture hall with
mechanical ventilation at NTNU.

Theoretical modelling

Wells-Riley

The Wells-Riley equation can approximate the prob-
ability of infection due to human exposure to airborne
infectious contaminants [6]. The equation is:

3
q — breathing rate per person [mT]

I — number of infectors [-]
quanta]
h

p — quanta per hours produced by infector [
t — time of exposure [h]

3
Q — outdoor air supply rate [mT]

Ventilation rate and indoor pollutants -
non-steady state equation

When non-steady state, the CO, concentration per
time unit can be expressed as:

AC; =V dc
T de

This change must equal the CO, in the supplied air,
the production of CO; in the room, minus the CO,
removed by the extracted air. In this case infiltra-
tion, exfiltration and the effect of the filters in the air
handling unit is neglected. The following expression
for the change in CO, level is then obtained.

AC; = G +V +(Cco,, — Cco,,)

Combining and rearranging the two equations give:

dc
V.E_

V=— =
(CCOZJ- - CCOZJ_)
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. o m3
V — ventilation rate [T]

~ . rug
Cco,, — average exhaust concentration [ﬁ]

C_COZi — average supply air concentration [;—93]
G — average source strength of pollutant [%]

V — volume of room [m3]

dc . . .
i change in CO: concentration over time

kg
m3

Experimental method

On September 24th, a student who was infected with
the Covid-19 virus attended a lecture in S2 at NTNU
Gloshaugen. There is assumed a total of 131 students
present at the lecture, and no other students were
infected after attending the lecture in S2 [7].

The investigated lecture room S2

S2 is a large lecture room at NTNU in Trondheim.
The volume of the room is 992.1 m3 and the area is
251.5 m? (see Figure 1). The capacity of the room is
256, but during the pandemic it is reduced to 131
due to infection control measurements. The activity
level during a lecture is normally sedentary activity,

according to NS-EN ISO 7730:2005.

Figure 1. Lecture room S2.



Measurement setup

Measurements of CO,, relative humidity and air tem-
perature were carried out in S2 by the extract shown in
Figure 2. The measurements and the occupancy level
were manually recorded every minute for one hour.

Results and discussion

Measurement results

The results are presented in Figure 3.a, 3.b and 3.c that
show CO, (ppm), temperature (°C) and relative humidity
(%) in relation to the amount of people in the room.

In Figure 3.a the variation in CO, level is presented.
The number of people is constant during the lecture,
but at the end there is a drastic reduction. The CO, level
varies between 600 and 650 ppm when the amount of
people is constant. When the students leave the lecture,
the CO, concentration first increase followed by a
drastic decrease. In Figure 3.b the temperature vari-
ations are presented. It is clear that when the amount
of people in the room is constant, the temperature
increases. At the end of the lecture when people leave
the room, the temperature decreases. Figure 3.c
presents the variation in relative humidity. During the
measurements, the relative humidity varies between
36% and 42%. The relative humidity throughout the
lecture is at a moderate level, according to Ahlawat
[2], and this will be favourable for a shorter survival
time for the virus. With the known information that
no one else got infected, the statement about moderate
relative humidity throughout the lecture holds.

Probability to get infected based on
Wells-Riley

The probability to get infected may be affected by the
ventilation rate. To calculate the ventilation rate, the
non-steady state equation and the results from the
measurements are used. An individual ventilation rate
is calculated for each time interval, and the average is
used as the final value. The total ventilation rate is cal-
culated to be 5 054.4 m3/h, which is equals to 5.1 h™!
air exchange rate. During the COVID-19 pandemic
with the presence of 131 students, the airflow rate is
equal to 38.6 m3/h per person or 10.7 £/s per person.

If the variation of the CO, concentration becomes
zero under steady state conditions, we may assume the
room air is fully mixed with supply air. Consequently,
the exhaust concentration may be equal to the room
CO, concentration. The room CO, concentration is
calculated to be 866.5 ppm under fully mixed steady

Figure 2. Measurement point in S2.
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Figure 3.a. Measurements of CO, and number of

people in the room.

Measurement of temperature and number of people in S2
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Figure 3.b. Measurements of temperature and number
of people in the room.

Measurement of relative humidity and number of people in S2
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Figure 3.c. Measurements of relative humidity and
number of people in the room.
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state condition. The measured value was between 600
and 650 ppm, which is lower than the calculated value.

The Wells-Riley equation is used to calculate the
probability of infection in S2. The input variables are
gathered from [8]. The number of infected persons
is set to 1, the breathing rate is normal at 0.54 m3/h,
the quanta per hour of infectious particles from the
infected person is set to 4.6 for a classroom, the time
of exposure is 2 hours, and the supply air rate has been
calculated earlier.

From the required TEK17 value of supply rate, the
probability of infection in S2 is calculated to be
0.095%. From the measured value of supply airflow
rate, the probability of infection in S2 is calculated
to be 0.098%. This shows that the probability to
get infected is very low, which is consistent with the
known information that no one else got infected after
attending the lecture.

However, the Wells-Riley equation does not consider the
type of ventilation system or the air flow pattern, only
the ventilation rate. The air flow distribution in the room
is unknown, and therefore the expected probability to
get infected may be greater than the calculated value.
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Conclusion
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CO, concentration of indoor air, the probability
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were infected after attending the lecture in S2. In
addition, this study supports the calculation by
REHVA COVID 19 tool that the probability of
infection is very low in a larger space with sufficient
supply airflow rate.

The calculated fully mixed concentration of CO, is
significantly higher than the measured value close to
the air extraction point. This means that there are
possible stagnant zones in S2, where air stays for a
longer time with increased risk of occupants inhaling
each other’s exhaled air.

Further study may be carried out to clarify the airflow
pattern and identify potential improvement of IAQ by
other type of airflow distribution solutions. To make
the analysis even better, an increased number of meas-
urement points would have been ideal. m
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