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Abstract: Bioaerosols are a potential risk of infection in densely populated indoor sites at university
campuses. In this study, indoor bioaerosols from the canteen, classroom, and dormitory on campus
were sampled and analyzed in the summer of 2021 to investigate the harmful risk. The results showed
that bacteria are the predominant microbes, and the total number of bacteria detected in the classroom
during no lesson in the morning (33% of samples) and in the canteen during meal times (55% of
samples) was greater than the World Health Organization’s recommended value (1000 CFU/m3). The
ranges of respirable bioaerosol (<3.3 µm) contributions in the classroom, dormitory, and canteen were
50–75%, 57–70%, and 64–80%, respectively. Bacteroidetes and Firmicutes were the most dominant
phyla in all three indoor environments, with a relative abundance of both above 20%. At the family
level, Muribaculaceae, Lachnospiraceae, and Bacteroidaceae had high relative abundance in all
indoor sites. Some of the microbes carried by bioaerosols were conditionally pathogenic bacteria,
such as Micrococcaceae and Enterococcaceae, which may have a harmful risk of causing various
inflammatory infections. The results of this study provide basic data to improve indoor environments
and control indoor bioaerosol pollution on campus.
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1. Introduction

Since the coronavirus pandemic that struck the world in 2020, bioaerosols, one of the
most important indicators of indoor air quality (IAQ), have received increasing attention
for their impact on human health. Indoor bioaerosols are generally defined as aerosols
which originate from organisms and are suspended in indoor air or grow in the indoor
environment [1], such as bacteria, viruses, fungi, pollens, and their fragments and prod-
ucts [2]. In general, indoor bioaerosols come from the emission of moldy materials, human
activities, and indoor and outdoor air exchange, and their particle sizes are in the range
of 0.3–100 µm, and, bioaerosols with particle sizes of 1–10 µm have a greater impact on
human health due to their strong retention ability in the air [3–5].

Indoors provide a suitable environment for the growth and propagation of bioaerosols,
e.g., low airflow rates, appropriate humidity, and temperature, and many studies compar-
ing indoor and outdoor bioaerosols have found that indoor bioaerosol concentrations are
significantly higher than those of indoor bioaerosols [6–8]. Several studies have shown
that the concentration of bioaerosols significantly affects human health and that exposure
to indoor environments with high concentrations of bioaerosols not only reduces a per-
son’s productivity at work and school, but also increases the risk of infections, respiratory
sensitization, toxic effects, and cancers in the population, especially in children and the
elderly [9–13]. Therefore, it is necessary to monitor and control indoor bioaerosols from
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an occupational and public safety point of view, since humans spend nearly 80–90% of
their time in indoor places such as classrooms, dormitories, shopping malls, offices, and
stadiums [14–16].

Educational buildings have received more attention due to the specificity and sen-
sitivity of their occupants, and many studies have been reported worldwide on the risk
assessment of indoor bioaerosol exposures on campuses, in which bioaerosols from indoor
campus sites such as cafeterias, laboratories, classrooms, dormitories, gymnasiums, and
libraries are collected and analyzed more frequently [17–25]. The risk of high concentra-
tions of bioaerosols and the presence of pathogenic bacteria in indoor spaces on campuses,
especially in public indoor spaces with high levels of activity, has been reported in many
studies [26,27]. Still, systematic comparisons of bioaerosols in different indoor spaces on
campuses and at different times of day in the same indoor space are lacking, and need to fur-
ther investigate indoor locations on campus whether any risks of bioaerosol exposure and,
how these risks are formed, what measures may do to better prevent. In addition, many
studies have focused on the particle size distribution characteristics of indoor bioaerosols to
assess their inhalation risk [28–31], but most have analyzed them only in terms of concen-
tration, and whether there are differences in the community structure of microorganisms in
bioaerosols of different particle sizes has not yet received sufficient attention.

Therefore, we monitored the concentrations and analyzed the community composition
of bacterial, fungal, and actinomycete aerosols in three indoor sites during different periods,
namely, classroom, dormitory, and canteen, on a university campus in Guilin, China, focus-
ing on the differences of bioaerosols in different indoor environments and during different
periods in the same indoor environment. Unlike previous studies, we also compared the
community composition of bioaerosols with different particle sizes. This study aims to
provide basic data for risk assessment and the prevention of indoor bioaerosol hazards
on campus.

2. Materials and Methods
2.1. Sampling Sites

This study was conducted during the summer months on a university campus in Guilin,
China (25◦06′33.43′′ N 110◦29′93.12′′ E). Three indoor places on the university campus, namely,
a classroom, a dormitory, and a canteen, were selected for sampling. Culturable bioaerosol
sampling was carried out for three days each month from 6 to 8 in the summer, and particulate
matter sampling was carried out on one day in July. Each sample was taken separately for the
periods of few personnel activities (UP) and the periods of personnel activities (OP) on the
same day. The UP and OP for the classroom are from 7:00 to 8:30 (no lesson in the morning)
and 10:00 to 11:30 (lesson time), respectively; for the dormitory, from 10:00 to 11:30 (personnel
away time) and 13:00 to 14:30 (rest time for personnel), respectively; and for the canteen, from
9:30 to 11:00 (non-meal time) and 11:30 to 13:00 (meal time), respectively. Specific information
for each sampling site is shown in Table 1.

Table 1. Environmental parameters and description of the analyzed sampling sites.

Parameters and Basic Description of
Sampling Site Classroom Dormitory Canteen

Use Classes Rest Meals
Surface area, m2 70 30 1000

Installations Table, chairs, fan Table, chairs, toilet, air
conditioner, fan Table, chairs, air conditioner, fan

Ventilation system Windows open and
fans running.

Windows closed and air
conditioner running.

Windows closed and air
conditioner running.

Number of occupants UP 1–2 0–1 4–20
OP 12–16 4–6 98–320

Temperature, ◦C UP 28.7 ± 1.2 29.1 ± 0.8 29.1 ± 1.5
OP 31.0 ± 1.3 28.6 ± 1.7 27.8 ± 1.0

Relative humidity, % UP 79.4 ± 5.6 64.9 ± 3.7 67.3 ± 4.9
OP 70.1 ± 5.3 53.7 ± 6.5 66.9 ± 4.9
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2.2. Sampling and Analytical Methods

Bioaerosol samples were collected using a six-stage Andersen (FA-1, Qingdao Polytron
China) impactor with retention diameters of 7.0, 4.7, 3.3, 2.1, 1.1, and 0.65 µm and an airflow
rate of 28.3 L/min. The sampling time was 5 min for culturable bioaerosols and 60 min for
particulate matter samples, and the sampler was set up in the center of the chamber at the
point of use, with a sample height set at 1.5 m.

Culturable bacteria were collected on nutrient agar dishes (Huankai Microbial,
Guangzhou, China), culturable fungi were tested on sand agar dishes (Huankai Micro-
bial, Guangzhou, China), and culturable actinomycetes were tested on modified Koch’s
1 medium dishes (Huankai Microbial, Guangzhou, China). Bacterial samples were in-
cubated at 37 ◦C for 2 days, fungal samples were incubated at 28 ◦C for 3 days, and
actinomycetes were incubated at 28 ◦C for 7 days. The concentration of living microorgan-
isms was counted as the number of colony-forming units in the volume of air (CFU/m3).
Quartz filter membranes (80 mm diameter, 0.3 µm pore size, Xingya Shanghai, China) were
used to collect samples of bioaerosol particulate matter, which were stored in a refrigerator
at −20 ◦C after collection and analyzed for microbial community characterization on the
particulate matter using high-throughput sequencing. Sequencing Methods:

(1) Sample DNA purification. Sample gDNA purification was performed using the Zymo
Research BIOMICS DNA Microprep Kit (Cat# D4301). gDNA integrity was detected
using 0.8% agarose electrophoresis, followed by nucleic acid concentration detection
(PicoGreen dye method) using a Tecan F200.

(2) PCR amplification. According to the sequenced region, specific primers with in-
dex sequences were synthesized to amplify the 16S rDNA V4 region of the sam-
ples, and the amplification primer sequences were as follows: Primer5′-3′: 515F (5′-
GTGYCAGCMGCCGCGGTAA-3′) and 806R (5′- GGACTACHVGGGTWTCTAAT-3′).

(3) PCR product detection, purification, and quantification. PCR products were mixed
with a 6-fold sampling buffer, followed by the electrophoretic detection of the target
fragments using a 2% agarose gel. Samples that passed the assay were taken for the
recovery of the destination bands, and the recovery was performed using Zymoclean
Gel Recovery Kit (D4008); quantification was performed using Qubit@ 2.0 Fluorometer
(Thermo Scientific); and, finally, equimolar amounts were mixed.

(4) Library construction. Library construction was performed using the NEBNext Ultra II
DNA Library Prep Kit for Illumina (NEB#E7645L) from NEW ENGLAND BioLabs.

(5) High-throughput sequencing. PE250 sequencing was used, and the sequencing kit
was Hiseq Rapid SBS Kit v2 (FC-402-4023 500 Cycle) for Illumina.

A total of 324 Petri dish samples were collected and analyzed, including 108 each of
bacteria, fungi, and actinomycetes. A total of 36 samples of Quartz filter membranes were
collected and analyzed.

2.3. Statistical Analysis

Independent-samples t-tests and one-way ANOVA were performed using SPSS soft-
ware (R263.0.0.0, 64bit). Statistically significant differences were determined when the
probability p-value was lower than 0.05. Graphing was performed using Origin (2021 64bit)
and TBtools.

3. Results and Discussion
3.1. Bioaerosol Concentrations in Indoor Environments

The mean concentrations of airborne bacteria, fungi, and actinomycetes in the class-
room (Figure 1a) were 876 CFU/m3, 646 CFU/m3, and 639 CFU/m3 during UP, and
163 CFU/m3, 228 CFU/m3, and 336 CFU/m3 during OP. The mean concentrations of
airborne bacteria, fungi, and actinomycetes in the dormitory (Figure 1b) were 202 CFU/m3,
84 CFU/m3, and 210 CFU/m3 during UP, and 348 CFU/m3, 85 CFU/m3, and 184 CFU/m3

during OP. The mean concentrations of airborne bacteria, fungi, and actinomycetes in the
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canteen (Figure 1c) were 347 CFU/m3, 116 CFU/m3, and 169 CFU/m3 during UP, and
1124 CFU/m3, 176 CFU/m3, and 283 CFU/m3 during OP, respectively.
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Airborne bacteria concentrations in the canteen and dormitory significantly increased
(p < 0.05) after the increase in personnel activity, and the increase was greater in the canteen
with a large increase in personnel activity (about 2.4 times), while fungi and actinomycetes
did not show significant change in concentration. Changes in bioaerosol concentrations
attributed to personnel activities primarily involved bacteria, and this is consistent with
the findings of most relevant reports.

The concentrations of bacteria, fungi, and actinomycetes in the classroom reached
a high level during UP (7:00~8:30) before the activities of the people, and significantly
decreased during OP (10:00~11:30), even though the number of activities in the classroom
increased. The significant decrease in the concentrations of bioaerosols from morning to
midday is more consistent with the changes in the concentrations of bioaerosols in the
outdoor environment [32]. Ventilation conditions are the key to the difference in the indoor
bioaerosol concentration characteristics of the classroom from those of the dormitory and
canteen, where the windows and doors are closed and the air conditioners are turned on
during the hours of use; the windows and doors of the classroom are open throughout
the day and the fans are turned on to assist in the ventilation of the classroom during
class hours.

In most cases, the concentrations of airborne bacteria were higher than fungi and acti-
nomycetes in the three indoor campus environments. The total count of airborne bacteria
also serves as a crucial indicator of microbial contamination in indoor air. The World Health
Organization (WHO) recommends that the total bacterial loads not exceed 1000 CFU/m3

in indoor environments. Total airborne bacterial counts greater than 1000 CFU/m3 were
found in the classroom during UP (33% of samples) and in the canteen during OP (55% of
samples). This reminds us of the need to improve ventilation or install equipment that
can effectively reduce the total number of airborne bacteria during OP (meal time) in the
canteen, and to reduce ventilation in the morning and at night when outdoor bioaerosol
concentrations are relatively high, in order to avoid high concentrations of bioaerosols that
could be hazardous to human health.
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3.2. Bioaerosol Particle Size Distribution Characteristics

The particle size distribution of aerosol particles carrying microbes at the various
sample sites is illustrated in Figure 2. In the classroom, the aerosol particle sizes of bacteria
exhibited a bimodal distribution in both UP and OP (Figure 2a). During UP, bacteria were
predominantly enriched on aerosol particles ranging from 1.1 to 4.7 µm, while smaller
aerosol particles with sizes ranging from 0.65 to 2.1 µm were more prevalent during OP.
The distribution of aerosol particle sizes for fungal particles is depicted in Figure 2b,
demonstrating a skewed normal distribution during UP and OP. The peak aerosol particle
sizes for fungal enrichment ranged from 1.1 to 2.1 µm. Similarly, Figure 2c displays
the aerosol particle size distribution for actinomycete attachment, showcasing a normal
distribution during UP and OP. The peak aerosol particle sizes for actinomycete enrichment
were within the ranges of 3.3 to 4.7 µm and 2.1 to 3.3 µm, respectively.

Atmosphere 2024, 15, 696 6 of 15 
 

 

 
Figure 2. Particle size distribution of bacteria, fungi, and actinomycetes. (a) Classroom bacteria, (b) 
classroom fungi, (c) classroom actinomycetes, (d) dormitory bacteria, (e) dormitory fungi, (f) dor-
mitory actinomycetes, (g) canteen bacteria, (h) canteen fungi, and (i) canteen actinomycetes. 

It is important to determine the size distribution of bioaerosols alongside concentra-
tions, as the aerodynamic diameters of bioaerosols govern their ability to infiltrate the 
respiratory system. Respirable particles (less than 3.3 µm) can reach the trachea, bronchi, 
and alveoli, and contribute to adverse respiratory symptoms [18]. The proportion of res-
pirable particles of bacterial fungi, bacteria, and actinomycete aerosols in the dormitory 
ranged from 57 to 70% during UP and OP. The proportion of respirable particles of bacte-
rial fungi, bacteria, and actinomycete aerosols in the canteen was relatively high (64–80%) 
during UP and OP. The classroom had a high percentage (75%) of respirable bacteria only 
during OP, and the rest remained around 50%. The particle size distribution characteris-
tics of bioaerosols from the different types of indoor environments showed differences, 
which is consistent with the findings of Nasir and Colbeck [33]. Most reports [34,35] on 
the particle size distribution of indoor bioaerosols show a higher predominance of respir-
able particles, especially in public indoor places with a high number of activities, and in 
this study, the proportion of respirable particles in indoor bioaerosols in the canteen 
reached up to 80%, which presents a greater risk of infection. 

3.3. Bioaerosol Bacterial Community Structure 
Table 2 displays the α-diversity indices of bacterial aerosol samples. The Chao1 index 

takes into account the abundance of observed species, as well as the rarest of them. The 
Shannon and Simpson indices emphasize the richness and evenness of the bacterial spe-
cies, while the PD index is calculated as the sum of the lengths of the branches connecting 
groups of organisms on the phylogenetic tree. The Chao 1 and PD indices of the samples 
from the classroom during OP time were slightly higher than those during UP, which 
implies that the classroom’s bacterial aerosol had a low number of species and mostly 
proximate species during UP, while its bacterial species abundance and developmental 
diversity were elevated by increased personnel activities during OP. The Chao 1, Shannon, 
Simpson, and PD indices of the samples during different periods in the dormitory and 
canteen were relatively close to each other. 

Figure 2. Particle size distribution of bacteria, fungi, and actinomycetes. (a) Classroom bacteria,
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In the dormitory, the concentrations of bacteria, fungi, and actinomycetes attached
to indoor bioaerosol particles exhibited a consistent distribution during UP and OP
(Figure 2d–f). Both bacteria and fungi displayed a bimodal distribution of particle sizes dur-
ing both periods, with the main enriched particles ranging from 1.1 to 2.0 µm. Bacterial con-
centrations were higher during OP, while fungal concentration distributions varied between
UP and OP. The concentration of actinomycetes demonstrated a skewed normal distribution
in both periods, with attached aerosol particles mainly ranging from 2.1 to 3.3 µm.

In the canteen, the concentrations of bacteria, fungi, and actinomycetes attached to
indoor bioaerosol particles exhibited a skewed normal distribution during both UP and
OP (Figure 2g–i), with peak concentrations corresponding to aerosol particle sizes ranging
from 1.1 to 2.1 µm.
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It is important to determine the size distribution of bioaerosols alongside concentra-
tions, as the aerodynamic diameters of bioaerosols govern their ability to infiltrate the
respiratory system. Respirable particles (less than 3.3 µm) can reach the trachea, bronchi,
and alveoli, and contribute to adverse respiratory symptoms [18]. The proportion of res-
pirable particles of bacterial fungi, bacteria, and actinomycete aerosols in the dormitory
ranged from 57 to 70% during UP and OP. The proportion of respirable particles of bacterial
fungi, bacteria, and actinomycete aerosols in the canteen was relatively high (64–80%)
during UP and OP. The classroom had a high percentage (75%) of respirable bacteria only
during OP, and the rest remained around 50%. The particle size distribution characteristics
of bioaerosols from the different types of indoor environments showed differences, which is
consistent with the findings of Nasir and Colbeck [33]. Most reports [34,35] on the particle
size distribution of indoor bioaerosols show a higher predominance of respirable particles,
especially in public indoor places with a high number of activities, and in this study, the
proportion of respirable particles in indoor bioaerosols in the canteen reached up to 80%,
which presents a greater risk of infection.

3.3. Bioaerosol Bacterial Community Structure

Table 2 displays the α-diversity indices of bacterial aerosol samples. The Chao1 index
takes into account the abundance of observed species, as well as the rarest of them. The
Shannon and Simpson indices emphasize the richness and evenness of the bacterial species,
while the PD index is calculated as the sum of the lengths of the branches connecting groups
of organisms on the phylogenetic tree. The Chao 1 and PD indices of the samples from
the classroom during OP time were slightly higher than those during UP, which implies
that the classroom’s bacterial aerosol had a low number of species and mostly proximate
species during UP, while its bacterial species abundance and developmental diversity were
elevated by increased personnel activities during OP. The Chao 1, Shannon, Simpson, and
PD indices of the samples during different periods in the dormitory and canteen were
relatively close to each other.

Table 2. α-diversity indices of bacterial aerosol samples.

Group Name Chao 1 Shannon Simpson PD

CLUP 1949.68 5.57 0.9795 157.89
CLOP 2613.15 6.07 0.9795 202.74
DOUP 2709.86 6.01 0.9831 208.95
DOOP 2686.35 6.13 0.9918 204.24
CAUP 3106.84 6.27 0.9936 223.57
CAOP 2939.27 6.36 0.9942 221.74

CLUP, the classroom during periods of few personnel activities; CLOP, the classroom during periods of personnel
activities; DOUP, the dormitory during periods of few personnel activities; DOOP, the dormitory during periods
of personnel activities; CAUP, the canteen during periods of few personnel activities; CAOP, the canteen during
periods of personnel activities.

A total of 50 bacterial phyla were identified across the three indoor environments.
The top 11 phyla in terms of relative abundance, namely, Bacteroidetes, Firmicutes, Pro-
teobacteria, Actinobacteria, Acidobacteria, Verrucomicrobia, Chloroflexi, Fusobacteria,
Planctomycetes, Thaumarchaeota, and Euryarchaeota, were analyzed (Figure 3). Bac-
teroidetes, Firmicutes, Proteobacteria, and Actinobacteria emerged as dominant species
(with a relative abundance exceeding 5%) across all three sites, while Acidobacteria stood
out as a dominant species only in the classroom.

Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria are ubiquitous airborne
microbes found worldwide, and whose representatives have also been detected in high
relative abundance in previous works about indoor bioaerosols [36–38]. Acidobacteria,
Verrucomicrobia, Chloroflexi, Fusobacteria, and Planctomycetes are common in urban
air but not as widely distributed. Chloroflexi are predominantly present in bioaerosols
from urban wastewater treatment areas, while Thaumarchaeota and Euryarchaeota are
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seldom detected in bioaerosols [13,39–41]. The relative abundance of Thaumarchaeota and
Euryarchaeota in the bioaerosols of the three indoor environments was around 1% during
both UP and OP, showing relatively higher levels than other regions. This observation
might be associated with the unique karst geology of the Guilin area because these bacteria
are usually detected in soil and water in karst areas [42,43].
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Bacteroidetes and Firmicutes constituted over 20% of the relative abundance at each
site, emerging as the predominant phyla. Their prevalence surpassed that of Proteobacteria
and Actinobacteria, except in the classroom during UP. This pattern contrasts with much of
the research on outdoor bioaerosols, indicating a distinction in the structure of airborne
microbial communities indoors and outdoors [44]. Since most Bacteroidetes, Firmicutes,
and Proteobacteria can thrive in the human oral cavity or intestinal tract [45–47], this is also
consistent with previous works that microorganisms associated with humans are major
members of indoor bacterial aerosols [48,49].

A clustering heat map of the top 50 bacterial genera in terms of bioaerosol relative
abundance is shown in Figure 4. It can be seen that DOOP, CAOP, and CAUP were
categorized in a group with the higher relative abundance of genera that can be parasitized
in the personnel body such as Odoribacter, Alistipes, and Bacteroides [50–52]. CLUP, CLOP
and DOUP were categorized in another group, where, in addition to human-associated
bacteria, bacteria from outdoor environments, such as Phyllobacterium, Sphingobium, and
Pseudarthrobacter [53], were found in high relative abundance.

Principal component analysis (PCA) was conducted based on the species richness
matrix, and confidence ellipses were generated for the same group of samples (Figure 5).
The first principal component (PC1) explained 27.1% of total data variability and the
second principal component (PC2) explained 14.2% of total data variability. The distances
between the different samples were small and the DOOP, DOUP, CAUP, CAOP, and CLOD
sample confidence ellipses overlapped well, analyzing the community composition of
bacterial aerosols in the indoor sites of the three campuses as similar from the perspective
of β-diversity.
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Similar to the findings of related studies [36,54,55], ventilation through window open-
ing can change the community structure of indoor bioaerosols to some extent, but this
effect is relatively limited because human-related microorganisms always have a high
contribution to indoor bioaerosols if there is current human activity indoors.

3.4. Analysis of the Bacterial Community Structure of Bioaerosols of Different Particle Sizes

The distribution of α-diversity indices (Chao 1, Shannon, Simpson, and PD) for
bioaerosols of different particle sizes is shown in Figure 6. The Chao 1, Shannon, Simpson,
and PD indices were significantly higher (p < 0.05) for 1.1–3.3 µm bacterial aerosols than
for 3.3–4.7 µm bacterial aerosols in the classroom during UP, and this difference decreased
during OP due to an increase in the diversity index of 3.3–4.7 µm bacterial aerosols. The
differences in the diversity indices of bacterial aerosols of different particle sizes in the
dormitory and canteen were insignificant. On the other hand, the Chao 1, Shannon,
Simpson, and PD indices for bacterial aerosols of 2.1–3.3 µm were consistently high in all
three indoor environments.
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Figure 7 illustrates the relative abundance distribution of bacterial families on bioaero-
sols of different particle sizes. The relative abundance of Micrococcaceae on bacterial
aerosols with particle sizes ranging from 3.3 to 7.0 µm was significantly (p = 0.015) higher
than that on bacterial aerosols in the other particle size ranges in the classroom during
UP (Figure 7a). Microorganisms originating from soil and water environments such as
Micrococcaceae [56,57] were mostly concentrated on bioaerosols with particle sizes larger
than 3.3 µm (Figure 7a,b), whereas microorganisms associated with humans, such as Murib-
aculaceae, Lachnospiraceae, and Bacteroidaceae [58–60] had high relative abundance in all
particle size ranges; this was more pronounced in the dormitory and canteen (Figure 7c–f).
This shows that bioaerosol sources are an important factor in the differences in the compo-
sition of bioaerosol communities of different particle sizes.
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Figure 7. Relative abundance distribution of bacterial families on aerosol particles of different particle
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Micrococcaceae, Gram-positive bacteria that thrive in aerobic conditions, can lead
to various infections, particularly in individuals with compromised immune systems.
These infections may manifest as respiratory pneumonia, meningitis, endocarditis, soft-
tissue abscesses, septic arthritis, urinary tract infections, and, in severe cases, infectious
shock resulting in death [61]. Enterobacteriaceae, Gram-negative bacteria encompassing
commensal organisms, as well as primary and opportunistic pathogens, include specific
species like Escherichia coli, Enterobacter cloacae, and Klebsiella pneumoniae. These bacteria
can cause a diverse range of illnesses, such as pneumonia, urinary tract infections, soft-
tissue skin infections, and bacteremia, contributing significantly to global morbidity and
mortality [62]. The detection of Micrococcaceae and Enterobacteriaceae in particulate matter
across all particle size ranges at the three sample sites suggests that bioaerosols in indoor
campus venues can potentially be pathogenic to personnel. However, this pathogenicity is
likely to pose a greater risk to immunocompromised populations. Particularly noteworthy
is the high relative abundance of Enterobacteriaceae on particles within the 4.7–7.0 µm size
range in the dormitory during UP, reaching an unusually high level of 20% (Figure 7c).
This observation may be linked to toilet flushing and the escape of human feces in the
dormitory [63,64], emphasizing the need to prevent health risks associated with infectious
bioaerosols emitted from personnel excreta in indoor spaces equipped with toilets.
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4. Conclusions

We studied the bioaerosol characteristics of a dormitory, a classroom, and a canteen
during different periods on a university campus. Bacteria were the predominant microor-
ganisms in all three indoor sites, and there was a risk of total bacterial counts greater than
1000 CFU/m3 in the classroom in the morning and during meal times in the canteen. The
percentage of respirable bioaerosols (<3.3 µm) was greater than 50% in all three indoor sites.
Indoor human activity significantly increases airborne bacterial aerosol concentrations, and
good ventilation reduces the impact of human activities on bacterial aerosol concentra-
tions, but the ventilation of the room should be avoided in the mornings when outdoor
bioaerosol concentrations are high. Ventilating indoor places can change the community
structure of indoor bioaerosols, but this effect is relatively limited because human-related
microorganisms such as Lachnospiraceae, and Bacteroidaceae always have a high contri-
bution to indoor bioaerosols if there is current human activity indoors. The community
structure of bioaerosols with different particle sizes showed some differences: the four
α-diversity indices (Chao 1, Shannon, Simpson, and PD) for bioaerosols of 2.1–3.3 µm were
consistently high at all three sampling sites; Micrococcaceae had high relative abundance
only for bioaerosols with particle sizes >3.3 µm. Micrococcaceae and Enterobacteriaceae
were conditionally pathogenic bacteria present at all sampling sites, with Micrococcaceae
in higher relative abundance in the classroom and the relative abundance of Enterobac-
teriaceae having unusually high values in the dormitory. The overall assessment is that
all three campus sampling sites are at risk of bioaerosol hazards and that precautionary
measures are needed based on the specific causes contributing to the risk.
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Nomenclature

UP the periods of few personnel activities
OP the periods of personnel activities
CFU colony-forming units
IAQ indoor air quality
WHO the World Health Organization
CLUP the classroom during periods of few personnel activities
CLOP the classroom during periods of personnel activities
DOUP the dormitory during periods of few personnel activities
DOOP the dormitory during periods of personnel activities
CAUP the canteen during periods of few personnel activities
CAOP the canteen during periods of personnel activities
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