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Abstract: Within the framework of the project “Integrated Evaluation of Indoor Particulate Exposure”,
we carried out a 4-week field study to determine indoor bioaerosol, and its contribution to particulate
matter (PM)10 and organic matter. The study was carried out in university classrooms, where most
of the common indoor sources of atmospheric particles are missing. Bioaerosol was determined
by a method based on propidium iodide staining, observation by fluorescence microscopy, and
image analysis. Indoor bioaerosol concentrations were compared with outdoor values, which were
determined simultaneously. The samplings periods were scheduled to divide weekday hours, when
the students were inside, from night-time hours and weekends. Very high bioaerosol concentrations
were detected inside the classrooms with respect to outdoor values. The mean difference was
49 µg/m3 when the students were inside, 5.4 µg/m3 during the night, and it became negative during
the weekends. Indoor-to-outdoor ratios were 6.0, 4.2, and 0.7, respectively. Bioaerosol contributed
26% to organics and 10% to PM10. In indoor samples collected during the day, the microscope images
showed numerous skin fragments, which were mostly responsible for the increase in the bioaerosol
mass. People’s presence proved to be responsible for a significant increase in bioaerosol concentration
in crowded indoor environments.

Keywords: fluorescence microscopy; air quality; infiltration; organic matter; biological debris;
indoor pollution

1. Introduction

Among the main objectives of the project “Integrated Evaluation of Indoor Particulate
Exposure” (VIEPI) there was the chemical characterization of particulate matter (PM)
suspended in the atmosphere of indoor environments, and the evaluation of its infiltration
dynamics [1]. One of the PM components taken into account by this objective was the
fraction of organic particulate matter attributable to bioaerosol.

Primary biological aerosol particles, or bioaerosol, include all types of particles de-
rived from biological organisms, namely viruses, bacteria, fungi and fungal spores, pollen,
and fragments of animal and plant organisms [2]. Bioaerosol constitutes a fraction of atmo-
spheric particulate matter still poorly investigated from an environmental point of view, as
these measurements have long been mainly carried out by cultivation methods, and aimed
at assessing species potentially dangerous to human health. Cultivation methods, however,
neglect most of the environmental bioaerosols, which are non-viable or non-culturable.
Different approaches, based on the use of biomarkers, for the determination of specific
classes of bioaerosol components (e.g., phytosterols and chlorophyll for vegetable cells,
dipicolinic acid for bacterial spore, ergosterol for fungal components, cellulose for plant
debris) have gradually been added to this technique [3–7], as well as new molecular biology
techniques, such as quantitative polymerase chain reaction (qPCR) and metagenomics
approaches, among which are next generation sequencing (NGS) platforms [8,9]. Methods
providing information about bioaerosol as a whole (that is, encompassing the wide variety
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of biological particles contained in a PM sample and not just a single bioaerosol category)
have been developed only recently. These include real-time fluorescence monitors, such as
the ultraviolet aerodynamic particles sizer and the waveband integrated bioaerosol sen-
sor [10–12], and techniques based on PM sampling on a filter membrane, and subsequent
selective staining and observation of the particles of biological origin [13,14]. In particular,
a method based on staining with propidium iodide, light microscopy analysis, processing
of results by specific software, and calculating the mass of total bioaerosol proved efficient
in determining the overall bioaerosol content in PM [13].

There is an extensive scientific literature about PM chemical composition, including
bioaerosol, in crowded indoor environments, such as residential houses, hospitals, working
sites, and aircraft ([15–18], among others). However, only a few studies were specifically
focused on the air quality of schools or academic environments [19–28], and only a few
of these considered the bioaerosol and quantified its concentration. These studies were
generally limited to some bio-components, such as viable fungi or bacteria, representing a
fraction of only about 1% of total bioaerosol mass [29–38].

Instead, knowledge of the overall bioaerosol contribution to the mass concentration
of PM in indoor sites is an essential environmental target, as in these sites the presence
of people causes the release of typical bio-components (e.g., leather flakes), constituting a
source that adds to the infiltration of bioaerosol from outside [39,40]. In the environments
where many people stay for a long time, such as university classrooms, this source may
become quantitatively important and essential for apportioning PM sources.

Moreover, bioaerosol in confined sites may cause health problems, such as allergies,
irritation, infectious diseases, and inflammation [34,41]. In particular, the atmospheric
bioaerosol has been indicated as one of the possible causes of sick building syndrome,
characterized by headache, inability to concentrate, shortness of breath, sleepiness, and
sluggishness [42]. However, the health impacts of atmospheric bioparticles are still an
unexplored area of study that needs many more experimental observations.

An examination of the studies addressing bioaerosol detection in academic environ-
ments, still indicates a gap of knowledge about the quantitative detection of all bioaerosol
categories and their contribution to PM concentration, as well as the link between atmo-
spheric bioaerosol and the presence of people.

Within the VIEPI project, the mass concentration of bioaerosol, its contribution to
PM10, and to its organic fraction were determined during a 4-week campaign. The study
was carried out in three university classrooms, ranging from a computer room typically
occupied by 30–40 people, to a lecture hall that can accommodate up to 300 students. In
this paper, we report the results obtained from the measurement of bioaerosol in these
environments, and discuss our findings in terms of particle characteristics, indoor/outdoor
ratio, and the role played by people’s presence.

2. Experimental
2.1. Study Design

The measurements were carried out at the Physics Department of the Sapienza Uni-
versity, located within the university area, in Rome’s urban area (Google coordinates:
41◦54′06.16′ ′ N; 12◦30′57.85′ ′ E). Three rooms were chosen: the lecture hall (LH), located on
the ground floor, and with a capacity of 300 seats (about 1150 m3 in volume); a classroom
(A4), having dimensions identical to half of the lecture hall, and located just above it, able
to accommodate up to 130 students (about 570 m3); and a Computer Room (CR), located
at the same level of A4, and equipped with 42 seats (about 450 m3). The outdoor site was
located on the ground floor, immediately outside the building, in a position overlooked by
the three classrooms. The university’s location inside the city, a picture of the building, and
a scheme of the sampling sites are shown in Figure 1.
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Figure 1. Area of the Sapienza University in the city of Rome (a), Physics Department building (b), and location of the
sampling points (c).

The three rooms were naturally ventilated and equipped with hot-water radiators
as heating appliances, in operation during the cold season. The classrooms were cleaned
every working day before the lessons, during the time slot 6:00–8:00 a.m. Class periods
were from 9:00 a.m. to 6:00 p.m. at A4 and CR, and from 8:00 a.m. to 7:00 p.m. at LH. The
exact number of students attending each class could not be counted, but we could estimate
that A4 and CR were, on average, fully occupied (about 130 and 42 students, respectively),
while at LH the occupancy rate was more variable. In general, each class lasted for two
hours, and there was a turnover of students between classes. Windows were generally
opened for a few minutes at the end of each class.

Sampling was carried out simultaneously at all four sites during the winter of 2017,
from 6 November to 3 December. The bioaerosol was determined from samples taken in
A4 during the whole period, and on samples taken at all four sites during the week 13–19
November.

Sampling periods were scheduled to separate the hours when students were inside
the room (day-time, 09:00 to 18:00 on weekdays, hereafter: day) from night-time hours
(18:00 to 09:00 on weekdays, hereafter: night), and weekends (from Saturdays at 09:00
to Mondays at 09:00). Samplings dedicated to the determination of bioaerosol and those
dedicated to the complete chemical analysis of PM (not reported in this paper) were carried
out simultaneously. Sampling periods on Monday–Tuesday and Wednesday–Friday were
combined to obtain PM amounts suitable for the different analytical techniques to be
applied. As a final result, five samples were collected during each week: Mon–Tue day;
Mon–Tue night; Wen–Fri day; Wen–Fri night; and weekend.

2.2. Equipment

PM was collected using very quiet samplers (<35 dB) specifically developed to operate
in indoor environments without disturbing ongoing activities (Silent Sampler, FAI Instru-
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ments, Fonte Nuova, Rome, Italy). This feature is essential in very quiet environments, such
as university classes during teaching activity. The same samplers, placed in a dedicated
housing, were also used outdoors. The samplers operated at a flow rate of 10 L min−1

on filter membranes 47 mm in diameter. Each sampler was equipped with an automatic
system able to work sequentially on four sampling lines, each one fit with a PM10 impactor.
For outdoor samplings, the impactors were provided with a cap to protect the inlet from
wind and rain. In each sampling site, we placed three samplers equipped, respectively,
with Teflon (TEFLO, 47 mm, 2.0 µm pore size, PALL Italia, Buccinasco, Italy), quartz (TIS-
SUQUARTZ 2500QAT, 47 mm, PALL Italia), and polycarbonate filters, the latter dedicated
to bioaerosol measurements (polycarbonate filters, 0.8 µm pore size, MILLIPORE, Merck
Life Science, Milano, Italy).

The analyses were performed employing an epifluorescence microscope (Zeiss Imager
M1m, Carl Zeiss Inc., Thornwood, NJ, USA) fit with a 100× N-ACHROPLAN oil objective
and an AXIOCAM high-resolution camera, which allowed a total magnification of 1000×.
Image processing was performed using ImageJ software (NIH ImageJ software, National
Institute of Health, Bethesda, MD, USA).

2.3. Analysis

The determination of bioaerosol was performed by applying the method developed
and validated by Perrino and Marcovecchio [13]. Briefly, the samples were marked with
a 1% solution of propidium iodide, a fluorochrome that binds to the nucleotide pair
of guanine and cytosine in DNAs and RNAs, making the particles of biological origin
fluorescent. For each sample, we observed 30 fields under the microscope. In the images,
the particles of biological origin showed a red fluorescence on a black background. The
images were processed to separate the RGB component into three channels (red, green,
and blue). Those produced by the amplification of the red channel were used to generate
a black and white, bi-level image, where bioparticles appear in black. The background
of the image, containing all the other particles, is white. From this image, the software
returns information about the circularity and size (length of the major and minor axes
of the best-fitting ellipse, perimeter, area) of each particle. The volume of each particle
was calculated considering each of them as an ellipsoid having the third axis equal to
the minor axis. The mass was calculated by multiplying the particle volume by a density
value of 1.1 g cm−3, estimated considering that particles of biological origin contain about
70% water, and that the remaining 30% consists of protein material (density: 1.3 g cm−3).
The size of the smallest detectable particle was 0.4 µm [13]; the relative repeatability of
the method is 16% for outdoor samples and 11% for indoor samples [13,40]; the overall
uncertainty of the method is estimated to be in the range 20–25%.

The method was applied as such to outdoor samples. For analyzing indoor samples,
it was slightly modified to make it more suitable for observing corneocytes, particles
produced from the epidermis’s desquamation. Corneocytes are irregularly shaped, very
large particles that often appear partially or entirely folded. The average value of the
major diameter of the skin flakes in our indoor samples was 30 ± 10 µm (calculated over
431 bioparticles). Their average thickness, obtained from measurements carried out using
high-resolution scanning electron microscopy, was about 0.8 µm (FEI Quanta 400 SEM of
the Research Center on Nanotechnology Applied to Engineering at the Sapienza University)
(Figure 2). Despite their large size, the flattened shape and small density of these particles
make their aerodynamic diameter small enough to pass through the inertial impactor
inside the PM10 sampling head, and thus be considered PM10. It is plausible that even
larger particles were suspended in the atmosphere, as the typical dimensions of skin scales
are about 30 × 40 µm [43]. However, we have no information about the fraction of the total
released bioparticles that were not collected by our PM10 impactor.
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Figure 2. SEM image of a skin flake surrounded by soil components. The photo was taken by the CNIS (Research Center on
Nanotechnology Applied to Engineering) of the Sapienza University of Rome.

Due to the characteristic shape of these particles, the procedure for estimating bio-
particles mass was modified as follows: visual identification of skin flakes based on their
size and appearance; calculation of their volume considering the area provided by the
software and the thickness of 0.8 µm; and evaluation of the folding, which was taken into
account by multiplying the volume obtained by 1.5 in the case of partially folded particles,
or by 2 in the case of entirely folded particles [40].

PM mass was determined gravimetrically on Teflon membranes using an automatic
balance with a sensitivity of 1 µg (Sartorius mod. ME5, Sartorius, Germany). Before each
weighing cycle, the filters were kept at 20 ◦C and 50% R.H. for 48 h. Teflon filters were
also used to measure the inorganic chemical components of PM (results not reported in
this paper).

Organic carbon (OC) determination was carried out on quartz filters by thermo-optical
analysis, applying the NIOSH-QUARTZ thermal protocol (OCEC Carbon Aerosol Analyzer,
Sunset Laboratory, Tigard, OR, USA). To estimate the organic matter (OM), it is necessary
to multiply the OC value by a conversion factor, α, that considers non-C atoms. The value
of α, that is the average molecular weight per carbon weight, depends on the composition
of the organic material and its ageing by oxidation [44]. In the case of the outdoor site,
which is located in an urban area but not directly exposed to traffic emissions, α was set
to 1.8 [45]. For indoor sites, where the typical composition of the organic fraction is very
different from outdoor air, and still mostly unknown, we applied the value α = 1.4 [46]. In
all cases, this multiplication factor also considers possible negative or positive artefacts,
due to the interaction of the sampled particles and the filter matrix with the organic vapors
in the atmosphere.

3. Results and Discussion

Figure 3 shows the comparison of PM10 concentration measured inside classroom
A4 with the concentration simultaneously measured outdoors. During the day, indoor
concentrations were much higher than the corresponding outdoor values. These differences,
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49 µg/m3 as a mean value, significantly reduced at night (5.4 µg/m3), and became negative
during the weekend (−6.1 µg/m3). These results highlight the presence of important
indoor sources of PM, which add to the infiltration from outside, and indicate that these
sources were active during the daytime hours of weekdays.

Figure 3. Comparison of outdoor and indoor concentration of particulate matter (PM10) during the
days (D), nights (N), and weekends (WE) of the study period in classroom A4. Sampling periods on
Monday–Tuesday and Wednesday–Friday of each week have been combined.

University and school classrooms are particularly interesting because in these envi-
ronments some of the typical indoor sources of PM are missing: cooking activities, biomass
heating, cigarette smoke, textiles abrasion, use of electric appliances, body care products,
and burning candles. In the classrooms considered in this study, smoking was forbidden,
heating was made up of hot-water radiators, and furniture was limited to wooden and
plastic desks, in use for several decades. Therefore, the source that may be responsible
for the increase in PM concentration during day hours may be identified as students and
teachers. The main mechanisms by which people are responsible for increasing indoor PM
concentration are: the introduction from outside of particles, mainly coming from the soil;
the release of biological particles; and the re-suspension, caused by their movements, of
particles already deposited on the ground and surfaces. The complete chemical characteri-
zation of PM10 collected in the classrooms and outdoors has confirmed that the observed
indoor increase was mainly due to both soil components and organics [1]. Considering that
the classrooms were cleaned every day before the start of the lessons, we can also assume
that the observed increase in PM10 concentration was due to actions occurring during the
daytime periods, that is when people were inside the building, and that these actions also
influenced the subsequent nights/weekends.

Bioaerosol concentration determined in A4 during the study period is shown in
Figure 4a. In the same figure, the data are compared with the indoor concentration of OM
and PM10 (panel b). Individual data are reported in Supplementary Materials, Table S1. It
can be observed that all concentrations had a similar trend over the four weeks; as already
observed for PM10, concentrations were high during the day, decreased during the night,
and reached a minimum over the weekend. For bioaerosol, the average concentrations were
6.8 µg/m3, 3.5 µg/m3, and 1.8 µg/m3 during the day, night, and weekends, respectively.
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Figure 4. Bioaerosol concentration (a) and comparison with organic matter (OM) and PM10 (b) during the days (D), nights
(N), and weekends (WE) of the study period in classroom A4. Sampling periods on Monday–Tuesday and Wednesday–
Friday of each week were combined.

The existence of an important source of atmospheric PM due to people’s presence
was confirmed by visual observation of the bioaerosol in the microscopy images. Figure 5
shows, from top to bottom, the images referring to A4 during the day and night of 27–
28 November (Monday–Tuesday) and the weekend 2–3 December. The images show a
different number of bioaerosol particles in the three samples, and numerous skin fragments
(large and irregularly shaped) in the sample collected during the day. Due to their particular
shape and density, these particles tended to sediment very slowly, and were still present,
albeit to a lesser extent, in the samples collected during the night, while they were generally
absent in the samples taken during the weekend.

Bioaerosol constituted a substantial mass fraction of PM; its contribution was about a
quarter of the OM mass (on average, 26%) and 10% of PM10. While bioaerosol contribution
to PM10 had no significant time variations, its contribution to OM was, on average, 30%
during the day, 25% at night, and 19% at weekends. These results can be explained
considering that organic species other than bioaerosol are predominantly in the fine fraction
of PM; consequently, their ability to infiltrate through the building envelope is higher. Since
organic outdoor particles do not show significant time variations, the fraction that infiltrates
inside the classroom influences night and weekend samples to a greater extent.
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Figure 5. Microscope images (montage of ten fields) of the bioaerosol (fluorescent particles) inside classroom A4 during the
day (a; 27–28/11), night (b; 27–28/11), and weekend (c; 2–3/12).

Typical microscope images referring to the samples collected on 13–14 November in
the three indoor environments (LH, A4, CR) and outdoors are compared in Figure 6. The
number of bioaerosol particles decreases from LH to A4, and from A4 to CR. In the first
three images from the top, we can see many skin flake particles. These particles are not
present outdoors (fourth image). In this image we can only recognize some fungal spores
(particles of elongated shape, sometimes segmented, containing brighter circular areas
corresponding to the nucleus) and other small circular bioparticles.

Concentration data for bioaerosol, PM10, and OM at the four investigated sites are
reported in Table 1. For all three indoor sites, the variation over time of bioaerosol con-
centration was very similar to that observed in A4, i.e., much higher values during the
day than at night, and even lower values over the weekend, a trend that was not observed
for the outdoor site. The different bioaerosol concentrations among different periods and
sites were plausibly linked to the classroom volume and the number of people inside,
which varied according to the number of lessons provided and the number of students
who attended them. The lack of detailed information about attendance did not allow us to
verify if the bioaerosol concentration was proportional to the number of students. However,
the data in Table 1 indicated that at the less crowded classroom CR (11 m3 per person)
the concentration of bioaerosol was much lower than at LH and A4 (3.8 and 4.4 m3 per
person, respectively).
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Figure 6. Microscope images (montage of ten fields) of the bioaerosol inside classrooms LH (lecture hall) (a), A4 (classroom)
(b), CR (computer room) (c), and outdoors (d) on 13–14 November.

For PM10, OM, and bioaerosol, we calculated the In/Out (I/O) ratio for the day, night,
and weekend periods. For PM10, I/O was 2.5 ± 0.7 during the day, 1.0 ± 0.5 during the
night, and 0.6 ± 0.1 during the weekend. For OM, I/O values during the day were lower
than those recorded for PM10 (1.3 ± 0.3), while they were very similar during the night
(1.0 ± 0.4) and the weekend (0.6 ± 0.05). This finding confirms the observation made for
classroom A4 about the relevance of the infiltration from outside compared to the internal
production of organic species. For bioaerosol, the ratios were 6.0 ± 4.6 for the day, and 3.6
± 3.0 for the night. During the weekend, I/O was 0.7 at both LH and CR. At A4, instead,
the ratio during the weekend was 2.3 due to the unexpected presence of students during
some hours on Saturday. Despite the higher data variability, I/O values much higher
than one confirm, for all classrooms, the quantitative importance of the indoor source of
bioaerosol due to people’s presence.
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Table 1. Concentration (µg/m3) of bioaerosol, PM10 and OM detected in LH, A4, CR, and outdoors
during the week 13–19 November.

Bioaerosol PM10 OM

13–14/11 day

LH

14 54 23
13–14/11 night 4.5 15 11

15–16–17/11 day 9.9 51 14
15–16–17/11 night 0.94 16 7.8
18–19/11 weekend 0.46 17 8.6

13–14/11 day

A4

5.2 80 27
13–14/11 night 4.2 26 12

15–16–17/11 day 9.0 78 16
15–16–17/11 night 3.3 23 9.6
18–19/11 weekend 1.6 22 9.9

13–14/11 day

CR

6.8 43 16
13–14/11 night 0.66 8.5 6.7

15–16–17/11 day 2.3 72 15
15–16–17/11 night 1.8 14 8.3
18–19/11 weekend 0.46 15 9.8

13–14/11 day

OUT

2.7 27 15
13–14/11 night 0.59 14 8.0

15–16–17/11 day 0.8 24 14
15–16–17/11 night 1.1 22 12
18–19/11 weekend 0.70 29 15

To assess which bioaerosol particles were most responsible for these high I/O values,
we studied the frequency distributions of the fluorescent particles in terms of individual
mass. Figure 7 shows the bioparticles collected indoors, inside LH, and outdoors, clustered
by six mass intervals, from <2 to >100 pg (frequency distribution and relative frequency
distribution data are reported in Supplementary Materials, Table S2). At LH, the percentage
of bioparticles belonging to each class was very similar during days and nights, in all cases,
most of the particles (about 40–60%) weighed less than 2 pg. During the weekend, however,
the number of particles was more evenly distributed. Outdoors, the total number of biopar-
ticles was much lower: 1277 versus 4053 (referring to the whole week and the examined
filter sections). Moreover, the frequency distribution also varied; the number of particles
was almost evenly distributed between <2 and 100 pg. These differences confirm that the
bioparticles collected during workdays at the two sites belong to different populations.

Figure 7. Frequency distribution of the number of bioparticles in six mass class ranges indoor (at LH) and outdoor during
the days (D), nights (N), and weekend (WE) of the week 13–19 November. Sampling periods on Monday–Tuesday and
Wednesday–Friday were been combined.
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We also calculated the total mass of bioparticles belonging to each group and, for
each group, the average weight increase at LH with respect to outdoors (Figure 8). The
data show that the weight increase of bioaerosol observed at LH during the day (and, to a
lesser extent, the night) was mainly due to the largest particles (between 20 and 100 pg)
and, above all, to those weighing more than 100 pg. On average, during the day indoors,
particles heavier than 100 pg were only 6%, but they were responsible for 83% of the
concentration increase of the bioaerosol mass with respect to outdoors. Their contribution
justifies the high I/O values determined for bioaerosol and confirms the primary role of
people in determining bioaerosol concentration in crowded indoor environments.

Figure 8. Bioaerosol increase at LH with respect to outdoors, expressed in mass concentration
(µg/m3), during the week 13–19 November: distribution among ranges of individual bioparticles
mass (in picograms).

The results of our study are in agreement with literature findings although, to our
knowledge, the published papers concerning academic environments and schools only
refer to specific bioaerosol types, and do not report information about total bioaerosol
mass concentration. Although bioaerosol concentration is discussed in terms of CFU/m3

(colony-forming units) [30,32,34,36,37], spores/m3 [29], or concentration of biomarkers [31],
the reported results converge in indicating that in indoor environments concentrations
are higher than outdoors. Most of these papers also reported an increase in concentration
during occupation.

In particular, our findings agree with the results of the study carried out in a 75 m3

experimental chamber by Bhangar et al. [47]. In this study, carried out using a UV-APS
(laser-induced fluorescence-based sampling embodied in an ultraviolet aerodynamic par-
ticle sizer), it was reported that humans emit bioparticles, the emission increases when
moving or walking, and clothing and its frictional interaction with skin is a primary source
of coarse bioaerosol. Occupant emission rate was estimated to average 0.9 ± 0.3 million
particles/person-h.

4. Conclusions

The examined indoor university environments were characterized by a high bioaerosol
concentration, particularly during lesson hours, when bioparticles contributed 30% to
the organics and 10% to the total PM10 mass concentration. During the night periods
and the weekends, when the classrooms were empty, bioaerosol concentration decreased
significantly, indicating a primary role of occupants. The microscope analysis showed that
during the day periods the samples were characterized by many large and light particles,
identified as skin flakes. Particles heavier than 100 pg were mostly responsible for the
indoor increase in bioaerosol concentration during lesson hours pointing, again, to the
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central role of occupants. The quantitative determination of bioaerosol by propidium
iodide staining and observation by optical microscopy were also confirmed as suitable for
the observation and quantitative determination of total bioaerosol particles in crowded
indoor environments.

The role of people in determining high indoor/outdoor ratios (up to 12) in crowded
environments constitutes a step forward in identifying the indoor sources of PM. This
study adds quantitative information to the consolidating evidence that human occupancy
contributes meaningfully to indoor bioaerosol levels, and raises questions about the mech-
anisms for the spread of contagious disease in crowded conditions.

Our observations cannot differentiate between emissions from the body envelope (skin,
hair, and clothing) and re-suspension from the floor and other surfaces. This distinction, of
interest for designing control measures and evaluating potential health impacts, will be the
subject of future research. There is also a need to elucidate the proportionality between
the number of occupants and bioaerosol concentration, and to assess the role of different
activity levels.

Supplementary Materials: The following are available online at https://www.mdpi.com/2071-1
050/13/3/1149/s1, Table S1: Indoor concentration of bioaerosol, PM10 and organic matter (OM)
in classroom A4 during the study period, Table S2: Frequency distribution and relative frequency
distribution of bioaerosol indoors (Lecture Hall) and outdoors during the days, nights and weekend
of the week 13–19 November: number and percentage of particles belonging to each mass cluster.
Sampling periods on Monday-Tuesday and Wednesday–Friday have been combined.
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