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Abstract: Indoor air pollutant sources are crucial in assessing IAQ, especially when outdoor air
pollutant concentrations are low. In the present study, PM mass concentrations in a range of five sizes;
CO, CO,, O3, NO, NOy, and TVOC concentrations; along with temperature and relative humidity
were monitored in three indoor locations of a university. The monitoring took place in a building
dedicated to teaching undergraduates. The first two locations, a professor’s office and a computer
centre (laboratory), were not refurbished. The classroom under study is refurbished and now is
airtight, as are all of the classrooms in this building. Air purifiers were installed in all of the classrooms
to prevent the transmission of infectious pollutants. In all monitored locations, people were the main
indoor source of PM, CO,, and TVOC. The operation of twelve computers in the small laboratory did
not contribute to the air pollution, at least for the examined pollutants. The air purifier decreased the
PM concentrations, but not the gaseous air pollutants.

Keywords: indoor air pollution; higher education classrooms; emissions from electronic devices;
air purifiers

1. Introduction

Numerous studies by researchers from diverse disciplines have confirmed that indoor
air quality (IAQ) may have adverse effects (short- and/or long-term) on human well-
being, i.e., health, productivity, mood, stress, sleep, and recovery from illness [1-3]. The
spread of biological pollutants such as SARS-CoV2 and the resulting COVID-19 pandemic
highlighted the importance of controlling the IAQ [4,5].

Indoor air pollutants can be transported from outdoors, but can also be emitted
from indoor sources. The building characteristics, i.e., air exchange rate, material of the
indoor surfaces, and its operation (i.e., human activity), will shape the indoor atmospheric
pollutant concentrations and their diurnal variation. Depending on the activities performed
inside a building, atmospheric pollutants emitted indoors can be the dominant threat for
poor indoor air quality [6-9].

The IAQ is of paramount importance in buildings used for learning and teaching
activities [10]. For example, in recent studies, it is reported that the ventilation system type,
ventilation rates, fine particle counts, and O3 and CO concentrations in 220 classrooms in the
U.S.A. were found to affect the academic performance of the students [11,12]. Moreover, in
these classrooms, it was found that the average indoor CO, concentration of all classrooms
during the hours of occupation was 1171 (SD = £:319) ppm [11]. Sesefia et al. [13] evaluated
the IAQ in eleven naturally ventilated training laboratories. In a laboratory with computers
(PC.1, the smaller one), the average CO, concentration was 876 (SD = £250) ppm and the
average CO concentration was 460 (SD = +330) ppb.
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The airborne particulate matter (PM) is the focus of interest in many studies, mainly
for schools but also for higher education buildings, owing to their well-known health
effects [14]. Studies in different countries reported that PM concentrations in educational
buildings are affected by the occupancy, activities, building construction characteristics,
their natural or mechanical ventilation, as well as the outdoor air pollution [15,16]. Ar-
gunhan and Avci [15] reported that, in a Turkish university, the average indoor PM; 5
concentration was 48.37 ugrrf3 and the PM; concentration was 107.09 ugm’3, as a re-
sult of elevated outdoor air pollution. The respective average CO, concentration was
1415.72 ppm. Erlandson et al. [16] conducted an IAQ investigation in three buildings
(retrofit, conventional, and green) of a public research university in the U.S.A. Average CO,
levels were found to be the highest in classrooms (513 ppm) in a public research university
in the U.S.A [16]. PM; 5 was found to be the lowest in the retrofit building 1.5 (2.14) pgm_3,
while PMy concentrations did not substantially vary by building type. The authors discuss
that the differences in occupancy in these buildings resulted in the highest mean CO, con-
centrations (518 ppm) being recorded for the newly constructed green building, followed
by the retrofitted building (512 ppm) and the conventional building (455 ppm). Monitoring
PM with light scattering is an efficient method that provides real-time data, allowing the
examination of short-term PM variations [9,17].

Furthermore, educational buildings face new challenges, such as the spread of the
SARS-CoV-2 and the urgent need for energy saving. Buildings are refurbished to save
energy and air purifiers are installed to improve IAQ [18,19], measures that do not always
guarantee a good IAQ. Indoor CO; concentration exceeded the value of 1000 ppm in all
schools examined in a Korean study and the operation of air purifiers reduced only the
PM concentrations by approximately, 30% leaving students unsatisfied with the IAQ [18].
Although the energy consumption issue and other economic issues are out of the scope of
the present study;, it is worth mentioning a recent work that provides an objective evaluation
of different air purifiers based on their overall cost. In this work, among others, it is reported
that “replacement filters and electricity costs generate most of the cost of running air purifiers” [20].

TVOC is defined as the sum of all the individual volatile organic compounds (VOC) and
can be considerate as an indicator of IAQ. Indoor sources of TVOC include emissions from
building material, personal care products and indoor chemical reactions. Proposed air quality
guideline (AQG) values lie between 300 and 600 pg m 3 (73.35-146.7 ppb, assuming 25 °C,
1atm,and 100 g mol 1), averaged over 8 h [21,22]. However, TVOC as a metric reveals little
regarding the nature and the possible health effects of the individual organic compounds.

Indoor CO; concentrations are a simple indicator of human presence and the emission
of bio-effluents in classrooms. There is a direct correlation between indoor CO, levels and
the number of occupants, their age, and their metabolic rate [11]. In a review article, the
authors conclude that “Although it is not possible to say with confidence whether CO; alone
is responsible for health effects at low exposures (<5000 ppm) and whether it is itself a pollutant,
the existing quideline CO, concentrations can be indicative of ventilation, human bio-effluent
and indoor air pollution concentrations, and therefore, the current consensus that <1000 ppm,
1000-1500 ppm and >1500 ppm represent good, moderate and poor indoor air quality, respectively,
seems appropriate” [23,24].

Another issue that affects academic performance is the thermal comfort in teaching
rooms, apart from the concentrations of air pollutants, but this perspective is out of the
scope of the present study [25,26].

The World Health Organization (WHO) has published in 2010 guidelines for indoor
air quality for some selected pollutants with indoor sources [27]. The updated WHO Global
Air Quality Guidelines (AQGs) [14] are based on the latest scientific findings on the short-
or long-term adverse health effects of air pollution. Some new guideline concentration
values are introduced for controlling atmospheric pollutants (for example, for O3). For
others, the guideline values are updated to lower values than those set previously, e.g., for
CO, NO,, and PM; 5 and PMy(. The new guidelines are applicable to both outdoor and
indoor environments. However they are not yet adopted as standards by the regulatory
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authorities in most countries, as well as in Europe. The proposed long-term AQG level
for O3 is 60 pgm~—2 (30.6 ppb, STP), as a warm season average of daily maximum 8 h
concentrations, and an 8 h average of 100 pgm 3 (50.9 ppb, STP). For NO,, an AQG value
of 25 pgm~3 (13.30 ppb), as a 24 h average concentration, was newly introduced. The
proposed AQG level for PM; 5 is a 24 h average concentration of 15 ugm*3 and annual
average of 5 igm 3. The corresponding levels for PMg are a 24 h average concentration
of 45 pgm~3 and annual average of 15 ugm 3. For CO, the 24 h average concentration
is 4 mgm 3 (3.48 ppm), the 8 h average is 10 mgm 2 (8.70 ppm), and the 1 h average is
35 mgm 2 (30.43 ppm).

The objective of the present study was to evaluate basic parameters that contribute to
the IAQ in a naturally ventilated lecture classroom (recently refurbished to be airtight), a
training laboratory with computers, and an office of a professor (not refurbished). These
parameters included the following: PM mass concentrations in five sizes range; CO, CO;,
O3, NO, NO,, and TVOC concentrations; along with temperature and relative humidity.
Furthermore, in the spring of 2022, air purifiers were installed in the classrooms to prevent
viruses’ transmission, such as SARS-CoV-2. The first time that an air purifier was put into
operation was in October 2022, providing an excellent opportunity to examine its ability to
improve indoor air quality. Hence, the effects on IAQ of the number of the students that
attended each lecture, the operation of the computers, and the air purifier were evaluated
in order to be able to propose appropriate actions to improve students’ performance.

2. Materials and Methods
2.1. Site Description

Indoor and outdoor atmospheric pollutants” monitoring was conducted in the partially
refurbished four-storey building in the campus of the Democritus University of Thrace
(DUTH), in Xanthi, Greece. This building is intended for teaching students of the Environ-
mental Engineering Department. It has some offices for professors and two rooms with
computers configured for students” practice.

Three campaigns were designed for three rooms. Each room presents one aspect of
activities for which this building is intended, i.e., a professor’s office with a volume of
46 m3 (Office); a computer center with 12 computers, 6 desktops and 6 laptops, (Lab), with
a volume of 48 m3; and a room for lectures (volume of 222 m?), with a maximum occupancy
of 40 students (Class). The last campaign was conducted again in the Class in October 2022
(no heating). It was an opportunity to test the effects of a brand new air purifier installed
inside the Class.

The Office and the Lab are on the second floor of the building and the Class is on
the first floor. All rooms are naturally ventilated. Plastic tiles are fitted to the floor (no
carpeting), while the wall is constructed from painted gypsum. The rooms have an air
conditioning system, which only controls the temperature, but they were not in operation
during these campaigns. The Office and Lab have old, big, single-glazed windows and old
doors. On the contrary, the Class was refurbished, with new double-glazed window frames
and a new door with good insulation.

A detailed diary of all of the relevant activities was kept for the whole monitoring
period. The experimental design is summarized in Table 1. The floor plans of the three rooms
and the location of the monitoring station (MS) in each room are presented in Figure 1.
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Figure 1. Floor plans of the Office, the computer center (Lab), and the small lecture room; the red

rectangle is the location of the monitoring station.

Table 1. Synopsis of the design of experiments.

Campaign 1: Office and Lab 16/11/2021-23/12/2021)
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Table 1. Cont.

Campaign 3: Classroom (11/10/2022-15/10/2022)

Number of experiment

People presence Air purifier repetitions
1 Yes No 4
2 No Yes 2
3 Yes Yes 3
4 No No 3

2.2. Monitoring

Aerosol mass concentration measurements were conducted with a laser optical particle
counter (Aerocet 5315, Met One Instruments Inc., Washington, DC, USA). Six size ranges of
the PM were monitored based on their aerodynamic diameter, i.e., diameter <1 um (PM;),
<2.5 um (PM;5), <4 um (PMy), <7 um (PMy), <10 um (PMjg), and <100 um (TSP, total
suspended particles) were measured.

Air pollutants (TVOC, CO, CO,, O3, NO, and NO;) were sampled using a multi-
gas sensor probe (model DirectSense II; GrayWolf Sensing Solutions; Annacotty, County
Limerick, Ireland).

Both instruments also recorded air temperature and RH and were calibrated before
the field experiment. The instruments were connected with a laptop and their readings
were recorded simultaneously with a one-minute time step. Some outdoor atmospheric
pollutant concentrations were obtained with the same instruments.

The indoor CO, concentrations were used to estimate the air exchange rate of each
room [28].

3. Results
3.1. Campaign 1: Office and Lab

During the monitoring period, only the researcher and one or two more people entered
the office. In order to investigate the role of the running PCs on indoor air quality in the
Office, the researcher opened the twelve PCs found in the Lab, left the room, and returned
after few hours to close them. The MS was placed near the middle of the Office and, during
the operation of the PCs, the door between the two rooms was left open. Figure 2a shows
the indoor PM mass concentrations along with the number of people present and the
number of operating PCs (in the Lab) during the working hours.

Next, the MS was transported in the middle of the Lab. In this case, the door between
the two rooms was kept close. The effect of the operation of the PCs on IAQ in the Lab (as
well in the Office) was examined with and without human presence. Figure 2b presents the
indoor PM mass concentrations along with the number of people present and the number
of operating PCs before, during, and after the practical training of the students.

During this Campaign 1, a strong north wind cleared the atmosphere outdoors. Hence,
the outdoor concentrations of all of the atmospheric pollutants were low [29]. Indoors, the
PM mass concentrations were also low when the rooms were empty. People’s presence,
movement, and activity increased the PM concentrations indoors, as depicted in Figure 2a,b.

In both rooms, people’s presence and their movement increased the PM mass con-
centrations in all sizes. The larger the particles, the greater the increase in their number
concentration (Figure 2a,b) [30].
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Figure 2. (a,b) Campaign 1, Office and Lab: PM mass concentrations, number of people present, and

number of operating PCs (inside the Lab).

Table 2 summarizes indoor and outdoor atmospheric pollutant concentrations, the air
temperature, and the RH for the Campaign 1. During the Campaign 1, experiments 1 to 4,
presented in the Table 1, were conducted separately for the Office and for the Lab.
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Table 2. Descriptive statistics of indoor and outdoor atmospheric pollutant concentrations along with
air temperature and RH (Campaign 1).

Office Lab Outdoors
Variable Mean SD Mean SD Mean SD
PM (ug m—3)
PM; 8.56 0.54 4.85 0.94 3.33 0.08
PM; 5 10.34 0.91 5.57 1.42 5.00 0.19
PMy 15.54 1.78 7.12 3.63 8.53 0.86
PM;, 20.93 222 8.54 7.91 13.25 1.47
PMyq 22.90 243 9.13 11.30 16.48 1.68
TSP 27.36 3.42 10.18 25.15 26.75 5.26
Gaseous pollutants
TVOC (ppb) 103.70 28.91 115.22 41.30 132.85 24.33
CO (ppb) 387.78 100.27 377.30 242.96 428.42 106.13
CO; (ppm) 530.23 67.33 532.29 90.78 517.25 147.03
Os (ppb) 10.30 4.10 9.04 5.54 12.66 16.41
NO (ppb) 9.07 3.41 8.34 5.43 12.15 7.67
NO, (ppb) 12.08 2.27 10.22 7.67 14.11 3.67
Microclimatic conditions
AT (°CQ) 19.04 1.33 19.27 2.32 15.70 1.10
RH (%) 38.60 1.76 43.76 6.14 45.56 4.73

3.2. Campaign 2: Class (March)

Figure 3 presents an example of the diurnal variation of the PM mass concentration
inside the classroom during March 2022. Owing to the COVID-19 pandemic, the number
of students that can attend each lecture was restricted to ten, but the room can hold forty
persons. On this day, the researcher entered the class at 11:00 and a lecture was held from
16:00 to 19:00 with 10 students present.
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Figure 3. Campaign 2, Class: PM mass concentrations and number of people present.

The classrooms are heated with floor-mounted fan coils, from 08:00 to 12:00 h. The
heating system appears to increase the PM concentrations above 4 pm. The operation of
fan coils disturbs the PM concentrations in the breathing zone. They affect the deposition
of 2.5, 10, and 25 um particles, depending on the fan coil air discharge angle and the air
flow rate [31].

When the number of students increased from ten to thirty students, PM concentrations
increased from 11% (PMj) to 68% (PM;p) and CO, and TVOC concentrations increased by
223% and 65%, respectively, on average.
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3.3. Campaign 3: Class and Air Purifier (October)

Figure 4 compares the nighttime time series of the PM; and PM, 5 mass concentration
when the air purifiers were on (Figure 3a) and another night without the air purifiers in
operation (Figure 3b).
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Figure 4. Campaign 3, Class: Comparison of PM mass concentrations during two nights, (a) with the
air purifier in operation (until 21:43 h) and (b) with no air purifier.

There was no heating and the windows and the door were closed. The air exchange
rate (ACH) was 0.1 h™! in both cases. Only the PM concentrations were affected by the air
purifier operation. After 21:43, the researcher had to stop the purifier. The larger particles,
above 2.5 um, decayed clearly until the next morning (not presented in Figure 4a). The
concentrations of PM; and PM; 5 slightly increased after the air purifier was turned off—
a battle between coagulation and decay. CO and CO, were not affected; they decayed as
they did every night. The TVOC retained an almost constant concentration on all nights.
O3 was not generated by the operation of the air purifier.

The IAQ monitoring continued during lecture times to test the air purifier. Figure 5
depicts some characteristic events in the Class, with forty students attending a lecture.
After class started, students came in, left during the intermission, and then returned. The
door and windows opened and closed from time to time. Although the operation of the
air purifier reduced PM concentrations (Figure 5a), it did not reduce the other gaseous
air pollutants (Figure 5b). The best way to reduce indoor air pollution on days with good
outdoor air quality is to open the windows and doors if the weather is mild and the
buildings are not heated.

Table 3 depicts the descriptive statistics of the atmospheric pollutant concentrations,
the air temperature, and RH for the Campaign 2 and 3. During the third campaign, the air
purifier worked occasionally, according to the experimental design selected in the present
work. The concentrations in Table 3 were averaged by event, i.e., S = students present, W cl
or W op = windows closed or open, DC or D op = door closed or open, O = empty room,
and Pur C or Pur op = air purifier closed or open.
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Figure 5. Campaign 3, Class: The effect on PM mass concentrations (a) and on gaseous air pollutants
(b) of air purifier, people’s presence, and windows or doors being opened during lectures (S = students
present, W cl or W op = windows closed or open, DC or D op = door closed or open, O = empty room,
and Pur C or Pur op = air purifier closed or open). The dotted rectangle depicts the operation of the
air purifier.
Table 3. Descriptive statistics of indoor and outdoor atmospheric pollutant concentrations along with
air temperature and RH (Campaign 2 and 3).
Campaign 2 Campaign 3 (by Event *)
Variable S,DC, Wcl, Pur C S, DC, Wcl, Pur op S, DC, Wop, Pur C O, DC, Wop, Pur C
PM (ugm™3)
Mean SD Mean SD Mean SD Mean SD Mean SD
PM; 11.31 5.81 7.35 0.98 10.62 4.01 8.11 3.08 5.40 1.27
PM; 5 14.32 7.52 14.26 3.18 16.50 4.65 12.57 3.52 7.69 1.81
PMy 20.35 13.31 45.31 14.66 42.41 11.67 32.41 7.54 16.19 4.61
PMy 25.18 19.83 95.67 33.25 85.38 26.58 68.51 18.95 29.44 10.24
PMyj 27.03 23.05 119.32 44.00 108.94 36.80 88.26 28.33 35.66 13.88
TSP 31.20 32.07 176.33 68.97 160.70 60.43 145.61 58.47 45.51 19.42
Gaseous pollutants
TVOC (ppb) 128.77 30.54 194.58 38.79 134.41 32.10 197.86 17.72 73.64 11.92
CO (ppb) 495.62 192.88 672.92 487.49 705.33 351.93 360.57 36.99 119.79 32.60
CO; (ppm) 641.97 421.53 1273.92 554.04 2166.37 534.78 1559.86  178.67  684.64 190.85
O3 (ppb) 8.23 16.66 28.33 22.50 18.15 13.31 25.67 12.70 27.30 10.67
Microclimatic conditions
AT (°C) 18.66 2.12 24.87 1.25 26.05 0.93 24.40 0.21 23.65 0.28
RH (%) 41.13 9.32 46.00 5.45 49.67 5.11 43.44 0.66 32.86 2.13

* S = students present, W cl or Wop = windows closed or open, DC or D op = door closed or open, O = empty
room, Pur C or Pur op = air purifier closed or open.

4. Discussion

Outdoor air pollution in the city of Xanthi (66.162 inhabitants and population density
of 136.6 inhabitants/km?) is not elevated, except during times with biomass burning for
central heating and during Saharan dust episodes [29]. Hence, indoor sources in buildings
are crucial for the IAQ [32]. The indoor air quality data in the present study, acquired during
times with low outdoor air pollution levels, can be traced to indoor air pollutant sources in
our university teaching rooms, such as students and PCs’ operation. The experiments were
also designed to examine the cleaning effect of air purifiers.

4.1. People’s Presence

In Campaign 1, the maximum people in the Lab was 12 students and that in the office
was 2-3 persons. The effect of human debris and particle resuspension is depicted in
Figure 2a,b. Walking-induced particle resuspension depends not only on the size of the
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particles, but also on the flooring material, the walking rate, and the RH [33]. In these
rooms (no carpeting), re-suspension was significant in all size ranges [9]. The effect of the
human activity on PM concentrations was more pronounced in the case of the 12 students
that entered the Lab to use the computers: PM mass concentration increased during the
class from 2.2 times (PM;j) to 5.1 times (PMj) on average from their background levels.
Air temperature was increased by 25% and RH decreased by 24% for the same period
of time. Peak PM concentrations were recorded mainly in the Lab, when people entered
the room. This can be attributed not only to the movement of people, but also to the
increased atmospheric turbulence emerged from the opening of the door [34]. As can be
seen in Figure 2, the PM concentrations had their lowest levels inside the Lab, when it was
empty and there were no PCs in operation. The air exchange rate during these times was
low because doors and the window were kept closed.

In Campaign 2, the number of people in the Class was usually 10 to 12 and, once,
30 students were present. Although human presence was minimized during this period,
owing to COVID-19 restrictions, the PM concentrations remained higher than in the Office
or in the Lab, even after the Class was empty and closed. The classrooms were refurbished
and became airtight in 2021 with new windows and doors. In the classroom under study,
the air exchange rate was decreased after renovation from 0.92 + 0.37 h~! (from past
monitoring CO, campaigns) to 0.53 = 0.67 h~!. During lecture times, indoor concentrations
can be 3 to 7 times higher than in empty classrooms. People emit particles from their skin,
cloths, and by breathing, while either walking, sitting, or working. Licina et al. [35], in a
series of experiments in a controlled environmental chamber, examined human emissions
from several indoor activities, using stationary monitors and a personal monitor. Their
experimental results have shown that the mass rate of indoor emissions tends to increase
with particle size, in the range of particle size diameters between 0.3 and 10 um. They
calculate that the emission rates of total particles larger than 1 um from a single occupant to
be (average + standard deviation) 20 4 2.0 million particles per h for walking, and this rate
was 8 & 3 million particles per h when the occupant was seated with moderate movement. It
is interesting that they found that the exposure of a sitting occupant (in their chamber, with
low background PM concentrations) was 2-13 pug m~2 higher than in the case of walking,
because of the heterogeneously distributed PM. The addition of a second occupant in the
chamber further increased the exposure of the first occupant. A common activity in the
teaching classes is the handling of paper. This activity was found to emit 105 particles per
min, about two times higher than the emission associated with shedding from the human
envelope itself for one occupant inside their test chamber [35]. On the contrary, computer
work, as in our Lab, had a minimal effect on the personal PM;y concentrations.

Heating devices also affected the indoor PM concentrations. Classrooms are heated
with floor-mounted fan coils. When they operated (usually two to four hours in the
morning), they also enhanced and disturbed the PM concentrations.

4.2. Air Purifier

In Campaign 3, many more students attended the lectures in the Class. In this case,
the role of the new air purifier was examined. The operation of the air purifier reduced
PM concentrations, but it did not reduce the other gaseous air pollutants, as can be seen
in Table 3 and Figures 4 and 5. The opening of the windows with the door opened (cross
ventilation), or without the door opened, reduced the indoor concentration of all of the
monitored pollutants, as the outdoor air pollution was low.

In the Office and in the Lab the PM, 5 and PM10 concentrations did not exceed the
AQG values. Some days in the Class, the 24 h average PM; 5 concentrations exceeded
15 pg m~3 and the 24 h average PM;( concentrations exceeded 45 pg m~3, but never when
the air purifier was in operation. Although the air purifier decreases the monitored PM
concentrations, it is questionable if it can also decrease the ultrafine PM, such as viruses in
the size range of 100-350 nm before atmospheric aging [4,36]. In the present study, during
the night, in stagnant air, the PM decrease ranged between 44% (PM;) and 73% (PMj); the
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larger the size of the PM, the larger the reduction. During lecture times, the PM decrease
exhibited large variability due to the human activity.

4.3. PCs’ Operation

The operation of some electrical devices can affect indoor air pollutants. When com-
puters were on, their screens became positively charged. Ionized or not airborne particles,
when flying near a positively charged screen, were attracted to the screen. Either the
negatively charged particles are attracted by the positive charge of the screen or the screen
induced a charge in the particles, pulling the negative charges closer to it and pushing the
positive charges away. In any case, particles can be attracted by the computer’s screen, stick
on it, and be removed from the air. Charged particles can collide to create larger particles.
Turbulence can also be created by PC fans, causing settled particles to return to the air.

In order to examine the effect of the operation of the PCs on mean PM concentrations,
a one-way ANOVA was conducted. From the whole dataset the values were excluded
when there was human presence, because this presence masked the PCs’ effect. ANOVA
confirmed that the operation of PCs affects the mean PM mass concentrations and increased
the variability in the PM concentration in all sizes. Although the results are statistically
significant at p < 0.001, the mean PM concentration differences are very small, approximately
0.5 ug m~3. Therefore, the operation of PCs cannot be considered to be an important factor
affecting indoor PM levels, as, for example, human presence does. Furthermore, TVOC
was not increased when PCs were left on in an empty Lab for 12 h.

4.4. Gaseous Air Pollutants

Concerning the gaseous air pollutants, in any of the rooms under study, the CO,
concentrations were clearly affected by people’s breath and, after closing the rooms, they
decayed to the background (outdoor) levels until the next morning. In the airtight Class,
during the night time, when the class room remained empty with the door and the windows
closed, this decay lasted for approximately, 12 h, i.e., a very low ACH equal to 0.1 h~!. The
maximum CO? concentration, i.e., 3130 ppm, was observed in the Class with 42 students
present. When the attendance was high (30-42 students) and windows and the door were
kept closed, CO; concentrations ranged between 861 ppm (percentile 10%) and 2746 ppm
(percentile 90%), indicating a moderate to poor IAQ [23]. In this building, there were no
indoor CO sources, outdoor CO concentrations were low, and hence indoor concentrations
were not elevated. The worst case for CO concentrations was when more than 30 students
attended the class and the windows and door were closed, that is, 696.5 (SD = +392.3) ppb.
The O3 and NO; concentrations were below the AQG proposed by WHO (2021) [14].

TVOC was enhanced by people’s presence and the operation of the PCs appeared to not
contribute to their concentrations. The maximum TVOC concentration was 267 ppb and the
proposed AQG of 146.7 ppb (600 pg m~3) was exceeded when 40 students were present. This
is another indicator of poor IAQ. During the night, after an initial drop, TVOC concentrations
remained almost constant between 82 and 121 ppb, reaching the outdoor values.

5. Conclusions

Indoor air quality (namely PM mass concentrations in five sizes range; CO, CO,, O3,
NO, NO,, and TVOC concentrations; along with temperature and relative humidity) was
examined in a university building. This was carried out in an office of a professor, a nearby
laboratory with PCs for studying by the students, and in a classroom that is refurbished
to be airtight and with a brand new air purifier. The main indoor air pollutant source
was humans. PM mass concentrations increased in all size ranges when students were
present, as did TVOC and CO, concentrations. The operation of the twelve PCs in the small
laboratory did not contribute to any of the air pollutants under study. Individual VOC
monitoring will perhaps provide different results [37].

In the refurbished classrooms, with new frames and doors, air purifiers were installed.
The air purifier can reduce the PM in all sizes, in a percentage that varies with the time,
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the number of students that attended a lecture, their movement, and the opening of the
door and the windows. The air purifier did not reduce any other air pollutant. The most
effective way to reduce all of the pollutants, such as CO, or TVOC, was to enhance the
natural ventilation with the windows and door opened, a method suitable in the case of
low outdoor air pollution.

Poor air quality degrades the academic performance of the students, making life more
difficult for the students and the staff. Continuous monitoring is needed to accomplish the
need for clean air in any building, according to its unique characteristics.
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