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ABSTRACT 

Bioaerosols play a significant role in indoor air quality as they can be the cause of health hazards. 
The study was performed to investigate indoor environment of a selected Dentistry clinic with respect 
to PM10, and to quantify the frequently observed fungal colonies in indoor and outdoor air. It was found 
that the indoor air quality with respect to PM10 was critical in the dental clinic because of the use of 
specific materials for dentistry processes, cleaning activities and the number of occupants. There were 
a significant differences between the concentrations of the PM10 (µg/m3) and airborne fungi (CFU/m3) 
at all sampling locations. Aspergillus was the most prevalent fungi in all examined samples. Fungi can 
be useful indicators of indoor air quality. The existence of Aspergillus in indoor air was assessed as a 
risk factor in hospitals and clinics due to their ability to cause nosocomial infections and allergies. 
  
Keywords: Dentistry, Particulate Matter, Fungi, I/O ratio, Aspergillus, SBS. 

 
Introduction 

Indoor air quality (IAQ) has become a major global concern requiring greatly increased efforts 
in the area of research as people spend the majority of their time indoors. Bioaerosols, or particulate 
matter of biological source, are broadly found in indoor environments (WHO, 2009). Bioaerosols may 
contain fungi, bacteria, viruses, fragments of any or all of these (Brągoszewska et al., 2018). Bioaerosols 
can cause IAQ reduction and contribute approximately 5–34% of indoor air pollution (Awad et al., 
2018). Bioaerosols in the environment may become airborne and are important in the evaluation of 
microbial indoor air quality (Yassin and Almouqatea, 2010). Microbial indoor fungal levels can be 
linked to moisture problems and outdoor sources which infiltrate indoor areas through building 
openings (Crawford et al., 2015  ) . 

Bioaerosols and its exposure has been an issue for researchers who have monitored indoor 
microbial concentrations on the places of public concern such as offices (Salonen et al., 2007), homes 
(Crawford et al., 2015), Museums (Borrego and Molina, 2019), food industry (Anay et al.,  2019), 
hospitals (Jung et al., 2015; Asif et al., 2018; Baurès et al., 2018), and dental clinics (Godwin et al., 
2003; Helmis et al., 2007). In hospitals and healthcare facilities, the concentrations of bioaerosols, are 
depend largely on number of patients. In addition, medical activity, cleaning procedures, building 
design and weather and ventilation rate are also the crucial factors for airborne microbial levels indoor 
(Asif et al., 2018). 

Several techniques in dental centers are coupled with the production of hazardous aerosols. 
Bioaerosols may find favorable conditions to flourish in dental units. Therefore, estimations of 
microbial aerosols in dental clinics have been carried out to perform microbiological risk assessments 
(Bennett et al., 2000; Cellini et al., 2001; Monarca et al., 2002; Liguori et al., 2003; Damasceno et al. 
2017). The dental drill and ultrasonic scaler joined with a water spray can create various airborne 
particles resulting from saliva, blood, dental plaque, tooth debris, calculus, and remedial materials. 
Microorganisms can be suspended in and conveyed by bioaerosols into the surrounding air (Grenier, 
1995).  

Bioaerosols have a risk to the public health, as they can cause serious diseases as well as allergic 
and respiratory diseases (Mitchell et al., 2007; Mendell et al., 2011; vonMutius, 2016). Individuals with 
immune deficiency, as children, elderly and patients, are increasingly susceptible to diseases related 
with poor indoor air quality (Ege et al, 2011; Madureira et al., 2015; Cavaleiro-Rufo et al., 2017). 
Microbes from soil or plants can also be carried by workers or can be continued dust particles from the 
outdoor air (Nazaroff, 2016). 
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Although bioaerosol particles are a potential health hazard, information about the indoor 
exposures and inhalation dosages is still limited. Therefore, this study was performed to investigate 
indoor environment of a selected Dentistry clinic with respect to PM10, and to quantify the frequently 
observed fungal colonies in indoor and outdoor air.   

 
Methodology

 
Study Area 

Assessment of airborne fungi was performed in a dentistry clinic at Damietta City, Damietta, 
Egypt. The clinic is located in a suburban area on main street and surrounded by vegetation. The 
treatment room has air-conditioning system while waiting room is naturally ventilated. Every day 
cleaning inside the clinic happens toward the beginning of the day patients are not in the rooms. During 
the sampling time, all activities occurring in the clinic, such as the duration of windows opening, the 
number of patients occupying the room, the materials used and the cleaning procedures were recorded. 

  
Sampling Strategy  

Bioaerosols were determined in a dental clinic twice a month during February to April of 2019. 
Accordingly, there were 6 sampling campaigns during sampling period. Identical sampling equipment 
was positioned inside and outside the clinic. Two indoor locations and one outdoor location were 
selected. The indoor samples were collected from the treatment room (T) and the indoor waiting room 
(I) of a clinic. The outdoor samples (O) were taken simultaneously with indoor ones. The indoor to 
outdoor (I/O) ratio was determined to decide the effect of outdoor sources on indoor bioaerosols levels. 
Samples in duplicate were sampled from each site during the peak occupancy hours. Samples were 
taken in the middle of each room away from room entrances or windows. For the outdoor samples, the 
equipment was placed on a tripod at a height of about1.5 m matching to the level of human breathing 
zone. Outdoor samplers were housed in a weather-proof cabinet at least 1 m from the house, trees, etc. 
All the bioaerosol samples were taken without controlling any indoor environmental conditions.  

 
Bioaerosol Sampling and Identification 

Bioaerosols sampling follows similar standards and mechanisms used to collect other aerosols. 
Bioaerosols can be sampled by gravitational and/or filtration methods (Heikkinen et al., 2005). In the 
filtration method, PM10 was collected on Whatman 47 mm membrane filters with 2µm pores size 
(Harrison and Perry, 1986). Filters were weighed in relative humidity and temperature control. 
Weighing methods are listed elsewhere (El-Batrawy, 2010). Weighted filter papers were mixed 
separately with sterilized double distilled water to a final volume of 10 ml. One ml of the diluted sample 
was spread on to Czapek’s agar or potato dextrose agar (PDA) media and incubated at 28-30 ºC for 3-
5 days. Subculturing was repeated successively until pure fungi were obtained and were identified 
according to their cultural morphology and spores description (Domsch et al., 1980 a and b).  

Gravitational settling is the simplest way to collect airborne particles in which settle plates placed 
horizontally or vertically to study indoor surface contamination. Gravitational samples offers only 
qualitative data as air volume cannot be calculated (Heikkinen et al., 2005). Petri dish containing a 
Czapek’s agar or potato dextrose agar (PDA) media was used for fungi incubation. Petri plates were 90 
mm in diameter, and exposure time was 1 hr. Fungi was incubated at 28-30 ºC for 3-5 days. Fungi were 
recognized microscopically to specie level.  

 
Statistical Analysis 

The concentration values were presented as mean values. Spearman’s correlation coefficient was 
determined to check correlation of indoor and outdoor sources on fungal levels .Two-way variance 
analysis (ANOVA) was applied to compare the concentration of PM10 (µg/m3) and airborne fungi 
(CFU/m3) at different sampling sites. Statistical significance was defined as P ≤ 0.01. Data analysis was 
performed utilizing SPSS 20 (IBM Corp., USA) and Microsoft Excel 2016 (Microsoft Corporation, 
USA).  

Results 
 

 
Bioaerosols in a Dentistry Clinic 

Table 1 provided a summary statistics of the concentrations of PM10 and fungi in a dentistry 
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clinic. The average concentrations of PM10 and fungi were higher outdoor than indoors for all the 
monitored campaigns. The average concentrations of PM10 were 38.9, 21.3 and 18.1 µg/m3 in outdoor, 
treatment room and indoor waiting room, respectively. While the average concentrations of fungi were 
2037.2, 361.3 and 315.2 CFU/m3 in outdoor, indoor waiting room and treatment room, respectively. 
 
Table 1: Descriptive statistics of bioaerosols concentrations sampled by filtration method in a dentistry 

clinic. 
 Location PM10 conc. (µg/m3) Fungal conc. (CFU/m3) 

Average 
Outdoor (O) 38.9 2037.2 
Indoor waiting room (I) 18.1 361.3 
Treatment room (T) 21.3 315.2 

Max 
Outdoor (O) 50 11111 
Indoor waiting room (I) 22.2 445 
Treatment room (T) 55.6 667 

Min 
Outdoor (O) 27.8 167 
Indoor waiting room (I) 13. 9 278 
Treatment room (T) 5.6 112 

 
The concentrations of PM10 and fungi at every sampling site in the dentistry clinic are presented 

in Figs. (1) and (2), respectively. The concentration of PM10 varied from 27.8 μg/m3 (O4) to 50 μg/m3 
(O2) outdoor; from 11.1 μg/m3 (T4) to 55.6 μg/m3 (T2) in the treatment room and from 15.6 μg/m3 (I5) 
to 22.2 μg/m3 (I2) indoor waiting room in the clinic. On the other hand, the fungal concentrations in the 
clinic indoors in waiting room ranged from 278 (I4) to 445 (I3) CFU/m3, whereas in treatment room 
ranged from 112 (T5) to 667 (T3) CFU/m3. Levels in outdoor air ranged from 167 (O5) to 11111 (O3) 
CFU/m3. The highest fungal concentration (200 CFU/m3) was observed in outdoor air at sampling 
campaign 2. The mean fungal levels in bioaerosols in a dentistry clinic were below 500 CFU/m3 the 
recommended WHO guideline (WHO, 2009) for all sites except concentrations at T3 and O3.  

The indoor/outdoor (I/O) ratios were calculated to find the potential sources of increased indoor 
microbial levels. The average indoor-to-outdoor ratios (I/O) determined for fungal concentrations at 
indoor waiting room and outdoor were ranged from 0.035 to 2 with an average 1.27. It was observed 
that I/O ratios were greater than 1 at all sampling campaigns except for sampling campaign 2 that had 
I/O ratio 0.035. 

 

 
Fig. 1: The concentrations of PM10 in the dentistry clinic. 
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Fig. 2: The fungal concentration in the dentistry clinic. 

 
Fungal Species  

The fungal species collected by gravitational method and their percentage of occurrence is 
presented in Table (2). The results indicated that air of the clinic is contaminated with ten species of 
fungi belonging to five genera: Aspergillus, Fusarium, Penicilium, Cladosporium and Mucur with total 
fungal count 69 colony/cm2. Aspergillus was the most prevalent fungi in all examined samples. It was 
found that, A. niger, A. Fumigatus, A. Terreus and, Cladosporium sp. constituted 15% of the total fungal 
count of the isolates at treatment room, waiting room and outdoor sampling sites. Moreover, Fusarium 
equiseti and Mucur sp. (10%) at were observed at waiting room and treatment room and at waiting room 
and outdoor, respectively. While A. flavus, A. ochraceus, Penicilium sp were observed at outdoor. A. 
Parasiticus which found at treatment room represented the lowest occurrence (5%) of fungi. 
 
Table 2: Isolated fungal species and percentage of occurrence in PM10 by gravitational method, (Total 

fungal count= 69 CFU /m3). 

Fungal Sp. 
Number of 
Occurrence 

Frequency 
Ratio (%) 

Outdoor 
(O) 

Indoor waiting 
room (I) 

Treatment 
room (T) 

Aspergillus flavus 1 5 x   
Aspergillus fumigatus 3 15 x x x 
Aspergillus niger 3 15 x x x 
Aspergillus ochraceus 1 5 x   
Aspergillus terreus 3 15 x x x 
Aspergillus parasiticus 1 5   x 
Fusarium equiseti 2 10  x x 
Penicilium sp. 1 5 x   
Cladosporium sp. 3 15 x x x 
Mucur sp. 2 10 x x  
Total fungal count 
(CFU/m3) 

  30 19 20 

(x) identified 

 
However, in the filtration technique (Table 3), the PM10 is contaminated with nine species 

belonging to six genera: Aspergillus, Fusarium, Cladosporium, Rhizopus, penicilium, and Rhodotorula 
with total fungal count 15222 CFU/m3. Aspergillus Flavus and Cladosporium sp. were the most 
prevalent fungi constituted (19%) of the total fungal count of the isolates at (treatment and waiting 
rooms), (treatment, waiting rooms and outdoor), respectively. It was found that, A. niger, Fusarium 
equesite and Penicilium sp. (13%) isolated fom treatment and waiting rooms, from treatment room and 
from treatment and waiting rooms, respectively. While the lowest occurrence  were observed for A. 
ochraceus at outdoor, for A. Japonicum at treatment room, for Rhizopus sp. at waiting room and for 
Rhodotorula sp. at outdoor (6%) of fungi. 
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Table 3: Isolated fungal species and percentage of occurrence in PM10 by filtration method, (Total 
fungal count= 15222 CFU /m3). 

Fungal Sp. 
Number of 
Occurrence 

Frequency 
Ratio (%) 

Outdoor 
(O) 

Indoor waiting 
room (I) 

Treatment 
room (T) 

Aspergillus flavus 3 19  x x 
Aspergillus niger 2 13  x x 
Aspergillus ochraceus 1 6 x   
Aspergillus Japonicum 1 6   x 
Fusarium equiseti 2 13   x 
Cladosporium sp. 3 19 x x x 
Rhizopus sp. 1 6  x  
Penicilium sp. 2 13  x x 
Rhodotorula sp. 1 6 x   

(x) identified 

 
Statistical Analysis 

The results of Spearman’s correlation coefficient test for the Isolated Fungal Species and PM10 
concentrations by filtration method in the dentistry clinic were presented in Table (4). There was 
correlation between concentrations of PM10 (µg/m3) and fungal (CFU/m3) at indoor and outdoor 
atmospheres. At treatment room, there was strong positive correlation between PM10 concentrations and 
concentrations of the fungal species (Aspergillus flavus, Aspergillus niger, Fusarium equiseti and 
Cladosporium sp), and moderate positive correlation between PM10 and Aspergillus parasiticus. On the 
other hand, Mucursp strong recorded strong negative correlation with PM10 (p\0.05; r = -0.97). At 
waiting room, there was strong positive correlation between PM10 concentrations and concentrations of 
the fungal species (Aspergillus ochraceus and Aspergillus terreus) and strong negative correlation with 
(Aspergillus fumigatus, Aspergillus parasiticus and Penicilium sp.). Moreover, there was negative 
correlation between concentrations of PM10 at outdoor and all isolated fungal species except for Mucur 
sp. and Aspergillus fumigates which recorded strong positive correlation and positive correlation, 
respectively. Overall, there was no positive significant correlation among the PM10 concentration at 
treatment room, waiting room and outdoor but there was only strong negative correlation between the 
concentration of PM10 at treatment room and outdoor. 

Based on the results of statistical analyses, Two-way ANOVA, there were significant differences 
between the concentration of PM10 (µg/m3) and airborne fungi (CFU/m3) at the three sampling locations 
(treatment room, indoor waiting room and outdoor) during sampling campaigns. P value was 0.004 (P 
≤ 0.01) showed intermediate significant variation among different locations of the study. In addition, 
there were also intermediate significant variations within the same locations for the concentration of 
airborne fungi (CFU/m3) and the PM10 (µg/m3) as P value was 0.0029 (P ≤ 0.01). 
 
Discussion 
 

Bioaerosols produced during dental procedures affect both indoor air quality and health of dental 
staff and are important sources of infection. The concentration, distribution, and composition of aerosols 
is influenced by factors such as the treatment procedure, area and location of the treatment room, 
treatment duration, treatment method, patient character, and seasonality (Nazaroff , 2016). Exposure to 
bioaerosols can result in respiratory diseases and other health effects as hypersensitivity pneumonitis, 
infections and harmful responses (von Mutius, 2016). 

 
Bioaerosols Levels in a Dentistry Clinic 

The clinic is located in a heavy traffic density area that may influence the PM10 concentrations 
as PM10 levels were higher outdoor than indoors. High traffic density areas are often subject to higher 
traffic emissions and indoor concentrations of PM10 significantly increased with increasing traffic 
density (El-Batrawy, 2011). The indoor PM10 concentrations in treatment room reach relatively high 
values compared to the indoor values in waiting room, demonstrating the significance of the indoor 
particulates. The high concentration of PM10 in the treatment room may be because of the unique 
materials used and the dental methods proceeded as handpiece activity, cutting of the models, molding 
of the temporaries and materials mixing. The highest levels of PM10 in indoor waiting room were 
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reported when the number of the patients was enormous and the windows and doors were regularly 
open suggesting the contributions of outdoor PM10 sources.  

The PM10 levels monitored in this study are consistent with the values reported by Hwang et al. 
(2014) who investigated the PM10 concentration of indoor air quality in dental clinic and found the mean 
PM10 concentrations 13.14± 2.13 and 16.02± 5.3 µg/m3 in waiting room and treatment office, 
respectively. They also reported the max PM10 concentrations were 45.9 and 40.5 µg/m3 in waiting 
room and treatment office, respectively. However, Helmis (2007) assessed the air quality in a dentistry 
clinic of the Athens and found PM10 concentrations higher than our results ranged from 33 to 326 µg/m3 
with mean 138 µg/m3. On the other hand, these concentrations are higher than indoor particulate 
concentrations measured at different hospitals (Baurès et al., 2018; Tang et al., 2019). 

The outdoor microbial level is dependent on wind speed and direction, which might be the reason 
for the variety of concentrations observed on different campaigns. Indoor sources were considered to 
vary with time. The higher fungal levels indoor in waiting room as compared to levels in treatment 
room may be due to number of patients (according to the logbook kept during the sampling period). 
The number of occupants was found to influence indoor microbial levels, as settled spores were 
resuspended by human actions (Nazaroff, 2016). The average concentration of the bioaerosol in the 
naturally ventilated waiting room was higher than its concentration obtained in air-conditioned 
treatment rooms suggesting the contribution of outdoor sources (Madureira et al., 2018). Messano et 
al. (2013) investigated quality of air and water in dental clinic during tooth cleaning and found the mean 
levels of total viable flora in air were 12.4 CFU/plate/h. 

Indoor to outdoor (I/O) ratio gives a sign of the source of bioaerosol (Mentese et al., 2012). The 
I/O ratio is an indicator of whether indoor levels are the result of outdoor particle concentrations or if 
indoor levels are influenced by significant indoor sources of particulates. It is supposed that I/O 
microbial ratio more than 1 is the sign of more contribution of indoor sources towards the increase of 
indoor microbial levels (Brągoszewska et al., 2018). These results consent with the literature data 
(Srikanth et al., 2008; Menteşe  et al., 2009; Abosede, 2017; Brągoszewska et al., 2018). It was observed 
that I/O ratios were greater than 1 at all sampling campaigns except for sampling campaign 2 that had 
I/O ratio 0.035. The I/O ratio less than 1 is an indication of a higher involvement of outdoor sources 
(Madureira et al., 2015). This can suggest that in sampling campaign 2, the fungal indoor concentration 
was dominated mainly by outdoor sources than the contribution of indoor sources. 

 
Fungal Species in Bioaerosols 

The most prevalent fungi in PM10 by filtration method were Aspergillus Flavus and Cladosporium 
sp. while the most prevalent one in PM10 by gravitational method was Aspergillus. Moreover, A. niger, 
A. Fumigatus, A. Terreus and, Cladosporium sp. occurred at all sampling sites (Table 2). Many molds, 
particularly Aspergillus and Cladosporium species can occur naturally outdoor and enter the indoor 
environment as spores or active fungi attached to dust particles (Asan et al., 2003). The presence of 
these species in air may be attributed to weather condition such as warm and moist condition as spores 
of specific species may stay alive for long periods, while others may decay quickly (Adams et al., 2013). 
The occurrence of Aspergillus species indoor of hospitals is a risk factor for patients because of their 
ability to cause nosocomial infections and allergie (Asif et al., 2018).  

Yassin and Almouqatea (2010) assessed airborne fungi in an indoor and outdoor environment and 
reported that the most frequent airborne genera are Cladosporium, followed by Aspergillus/Penicillium 
(9% and 2%). They also indicated that an indoor environment offers increasingly great conditions to 
the survival of aerosolized fungi. Asif et al. (2018) assessed the microbial quality of indoor air in a large 
hospital building and observed that the most frequently airborne fungal genera in were Cladosporium 
(47%), Aspergillus (17.05%) and Penicillium (7.14%).  

The presence of Rhodotorula sp. in outdoor the clinic (Table 3) was in agreement with Damasceno 
et al. (2017) who found Rhodotorula minuta and Rhodotorula rubra in water samples collected from 
dental clinics. Rhodotorula species are saprophytic yeasts isolated from many environmental sources. 
Also, it is the most widely recognized microorganism isolated from the hands of medical clinic workers 
and patients (Fracchia et al., 2012). Genus Rhodotorula, is linked to diseases such as fungemia, 
endocarditis, and nohealing oral ulcers. Moreover, white patches are the eported oral presentations of 
infection due to Rhodotorula. The presence of this fungus may be from regular human activities such 
as dealing with organic materials, the transportation of spores in the clothes and cleaning activities.  
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Bioaerosols as a bioidicator of Indoor Air Quality  
Sick building syndrome (SBS) is a group of health issues brought about by indoor chemical and 

biological pollution, humidity and temperature problems, or other causes in structures (WHO, 1983). 
There is an association between IAQ and the SBS phenomenon (El-Batrawy, 2013). Fungi can be useful 
indicators of indoor air quality (Cabral, 2010). Generally, healthy structures have I/O ratios lower or 
little higher than 1 and the mycoflora is commanded by Cladosporium. On the other hand, sick 
buildings, have ratios higher than 1, and Aspergillus and Penicillium are generally predominant. The 
level of indoor humidity is sufficient to permit xerophilic fungi as Aspergillus and Penicillium which 
become to a great extent predominant over Cladosporium. (Douwes, 2009). Aspergillus, Penicillium 
and Stachybotrys are VOCs and mycotoxin makers (Nielsen, 2003). VOCs are formed by the cells and 
discharged to indoor atmospheres. The levels of mycotoxins that enter living beings is probably very 
small when contrasted to acute intoxications brought about contaminated food. The exposure to indoor 
mycotoxins and VOCs is practically lasting and can bring about chronic or sub-chronic intoxications.  

The occurrence of Aspergillus species indoor air is a hazard factor for patients in hospitals and 
clinics due to their ability to cause nosocomial infections and allergies. Genus Rhodotorula, is linked to 
diseases such as fungemia, endocarditis and nohealing oral ulcers. Moreover, white patches are the 
eported oral presentations of infection due to Rhodotorula. Respiratory diseases are the general health 
impacts related with bioaerosols including hay fever, asthma, toxic dust disorder, hypersensitivity 
pneumonitis, and chronic bronchitis. Bioaerosol exposure can adversely influence lung function and 
may contribute to sick building syndrome (Laumbach, 2008).  

It is significant to extend the investigations of indoor atmospheres to promote air quality, the 
health of occupants, and a superior comprehension of bioaerosols. This study filled a gap by giving data 
on bioaerosol concentrations and the impact of indoor and outdoor sources on indoor air quality. 
Therefore, it is necessary to improve the indoor air quality and to keep the occupants from inhaling high 
pollutant levels. 
 
Conclusion 

Although bioaerosol particles are considered as a potential hazard factor for different health 
concerns, information regarding the indoor exposures and inhalation doses is still inadequate. 
Bioaerosols produced during dental procedures affect both indoor air quality and health of dental staff 
and are important sources of infection. Assessment of Bioaerosols was performed in a dentistry clinic 
at Damietta City, Damietta, Egypt. This study was performed to investigate indoor environment of a 
selected Dentistry clinic with respect to PM10, and to quantify the frequently observed fungal colonies 
in indoor and outdoor air.  Bioaerosols were determined in a dental clinic twice a month during February 
to April of 2019. Two indoor locations namely; the treatment room (T) and the indoor waiting room (I) 
of a clinic, and one outdoor location were selected.  

The average concentrations of PM10 were 38.9, 21.3 and 18.1 µg/m3 in outdoor, treatment room 
and indoor waiting room, respectively. While the average concentrations of fungi were 2037.2, 361.3 
and 315.2 CFU/m3 in outdoor, indoor waiting room and treatment room, respectively. Exposure to 
bioaerosols may cause respiratory diseases and other adverse health effects such as hypersensitivity 
pneumonitis, infections and toxic reactions. There were a significant differences between the 
concentrations of airborne fungi (CFU/m3) and the PM10 (µg/m3) at the three sampling locations. Also 
the results indicated that PM10 of dental clinic was contaminated by five genera of fungi: Aspergillus, 
Fusarium, penicilium, Cladosporium and Mucur with total fungal count mean of 69 CFU/m3.Where A. 
niger, A. Fumigatus, A.Terreus and Cladosporiumsp were the most dominant species through the 
investigation. Aspergillus was the most prevalent fungi in all examined samples. Fungi can be useful 
indicators of indoor air quality. The presence of Aspergillus species in indoor air was a risk factor for 
patients in hospitals and clinics due to their ability to cause nosocomial infections and allergies. 

It is significant to extend the investigations of indoor atmospheres to promote air quality, the 
health of occupants, and a superior comprehension of bioaerosols. This study filled a gap by giving data 
on bioaerosol concentrations and the impact of indoor and outdoor sources on indoor air quality. 
Therefore, it is necessary to improve the indoor air quality and to keep the occupants from inhaling high 
pollutant levels. 
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