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ABSTRACT
Background. Indoor airborne fungi are a significant health concern that can cause respiratory symptoms and other health 
problems. Indoor fungi are influenced by various factors such as meteorological conditions and dwelling characteristics. 
Objective. This study aims to evaluate the association between indoor airborne fungi and environmental factors in a 
student dormitory in southern Thailand. 
Material and methods. The study was conducted at Walailak University in southern Thailand from September to 
December 2020. Air samples were collected from rooms in thirteen dormitories, and the fungal load was determined 
using the passive air sampling method. The study also measured meteorological parameters and gathered data on occupant 
behaviors and exposure-related symptoms through a self-administered questionnaire. 
Results. In a total of 135 student rooms, the average concentration (mean ± SD) of indoor airborne fungi was 409.72±176.22 
CFU/m3, which showed the highest concentration on the first floor. For meteorological parameters, the averages of RH (%), 
temperature (°C), and CO2 (ppm) were 70.99±2.37, 31.11±0.56 and 413.29±76.72, respectively. The abundance of indoor 
airborne fungi was positively associated with an increase in RH (β=0.267, 95% CI: 5.288, 34.401) and building height 
(β=0.269, 95% CI: 16.283, 105.873), with values of 19.845 and 61.078, respectively. Conversely, temperature exhibited a 
negative effect on indoor airborne fungi (-92.224, β=-0.292, 95% CI: -150.052, -34.396). 
Conclusion. The findings highlight the influence of RH, temperature and building height on indoor airborne fungi in the 
student dormitory. Therefore, effective management strategies are necessary to improve indoor air quality and reduce 
associated health risks in student dormitories. 
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INTRODUCTION

Indoor airborne fungi have been recognized as 
a  significant health concern due to their potential 
to cause respiratory symptoms and increased time 
spent indoors, particularly in enclosed spaces such 
as university student dormitories [1]. Fungi can 
proliferate in moist environments and produce 
allergens, irritants, and toxic substances [2, 3, 4]. 
Exposure to indoor fungi could cause adverse health 
effects, including asthma, allergic rhinitis, respiratory 
infection, and other respiratory symptoms [5, 6]. 
Previous studies have shown an association between 
indoor fungal exposure and respiratory symptoms in 
students [7, 8, 9, 10, 11]. High indoor humidity and 
inadequate ventilation were also associated with 

respiratory problems [12, 13]. Furthermore, exposure 
to microbial volatile organic compounds (MVOC) 
produced by fungi can also increase the risk of other 
health problems, such as headaches, fatigue, and eye, 
nose, and skin irritation [14, 15, 16]. 

The presence of the indoor fungi is influenced by 
various factors, including meteorological conditions 
and dwelling characteristics [17, 18, 19, 20, 21]. Several 
studies have shown that temperature, humidity, and 
airflow can all play a role in the growth and spread of 
indoor fungi [17, 19, 22, 23, 24, 25]. They found that 
high temperature and relative humidity levels have 
been found to promote the growth of indoor airborne 
fungi. Airflow has been discovered to have a  direct 
impact on the dispersion of these microorganisms. The 
study of the student dormitory indoor environment 
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revealed a  negative correlation between indoor 
airborne fungi and temperature, while RH was positive 
[26] . Large concentrations of airborne fungal spores 
are associated with a  musty odor, water intrusion, 
high indoor humidity, inadequate ventilation through 
open windows, few extractor fans, and failure to 
eradicate mold growth from indoor environments [3]. 
In addition, previous indoor environmental studies 
demonstrated the association between building 
characteristics and a  high abundance of fungi and 
dampness in dormitories [2, 27].

In tropical regions such as Thailand, the high 
relative humidity can contribute to the growth 
and development of indoor fungi, which may pose 
a greater risk to the health of occupants, especially in 
crowded environments such as student dormitories. 
Therefore, there is a  growing need to identify the 
environmental factors that contribute to the growth 
and spread of indoor airborne fungi in these settings 
and to develop effective management strategies to 
reduce the associated health risks. Several studies have 
examined the relationship between indoor airborne 
fungi and environmental factors, but few have focused 
specifically on student dormitories in Thailand. 

This study aims to fill this gap in knowledge by 
evaluating the association between indoor airborne 
fungi and environmental factors in a student dormitory 
at Walailak University in southern Thailand. The 
results of this study could provide valuable insights 
into the fungal composition and health impacts in 
student dormitories and highlight the need for ongoing 
monitoring and management strategies to maintain 
indoor air quality.

MATERIAL AND METHOD

Study design and sampling sites
A cross-sectional study was conducted in 2020 at 

Walailak university, located in the southern region 
of Thailand. The dormitory has thirteen buildings, 
composed of ten traditional dormitories without air 
conditioning and three suite-style dormitories with 
air conditioning. All traditional dormitories consist 
of three floors, while suite-style dormitories have 
five floors. Of all the traditional dormitories, two 
were designated for male students, while the others 
were reserved for female students. Additionally, there 
were two suit-style dormitories designed for female 
students and one for male students. The recruitment 
criteria for selecting the target rooms were as follows: 
1) Rooms with students who lived in the present room 
for more than three month; 2) Rooms must be occupied 
by at least two student; 3) Rooms without member 
smoking; 4) Rooms must not have been affected by any 
renovation or maintenance work during the sampling 
period; 5) Room must not have been recently treated 

with fungicides or other anti-fungal products 6) were 
willing to participate in this investigation. The rooms 
were randomly selected from every floor in each of the 
13 dormitories. Sampled from student rooms of each 
dormitory were collected in the wet season in 2020.

Ethical approval
The study was approved by the Human Research 

Ethics Committee of Walailak University, study code: 
WUEC-20-258-01. All the volunteers gave informed 
consent to participate in this study. The objectives 
and other important information of this study were 
explained and informed. 

Indoor airborne fungi and indoor air quality 
parameters measurement

The student rooms were accessed, and occupants 
were asked for allowance to collect the data. The 
sampling procedure was standardized across all 
rooms to avoid bias from air pollutants and physical 
factors such as temperature and humidity. Firstly, 
culturable fungi were collected using the gravity 
sampling technique and immediately transported to 
the laboratory for analysis to minimize any potential 
contamination. Following this, indoor temperature, 
RH, and CO2 were measured within the rooms. To 
minimize the potential influence of external factors, 
the doors and windows of the target rooms were closed 
for at least 6 hours before sampling. In addition, all 
air conditioners, fans, and other equipment that may 
interfere with the airflow were turned off during the 
sampling period. The fungal load was examined in the 
evening by the passive air sampling method (settle plate 
technique) using standard 9 cm diameter Petri dishes 
comprising Potato Dextrose Agar (PDA) (Oxoid, 
England). The amount of indoor airborne fungi was 
determined by counting the fungal settlement on the 
Petri plates left open to the air for 30 minutes at 1 m 
above the floor in the center of the dormitory room and 
1 meter away from the walls. The sample was taken to 
the Center for Scientific and Technological Equipment 
Laboratory at University and incubated at 25 °C for 
3 to 5 days. For quality control, the contamination of 
culture media in every batch was tested before use for 
sampling, and one control medium was used for each 
batch to examine the contamination during sample 
collection and transportation. All air sampling was 
performed aseptically to avoid contamination.

Colony forming units (CFU) was calculated and 
CFU/m3 fungal concentration was determined using 
the following Equation [28, 29, 30]

      a × 10,000N = ––––––––
      bt × 0.2

Where: N= Microbial CFU/m3 of indoor air; a  = Number of 
colonies per Petri dish; b = Dish surface area (cm2); t = Exposure 
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time. All the Petri dishes with growth media were exposed for 
30 min.

Indoor air quality parameters in this study included 
RH (%), temperature (°C) and CO2 (ppm). All 
parameters were measured using a multi-parameters 
portable device (AMI 300, KIMO, Canada). The 
average value of 10 continuous monitoring values 
recorded on a 3-minute interval was taken as the final 
representative value for one site in the room. The 
measured indoor pollutants were interpreted following 
the Indoor air quality monitoring for public buildings 
in Thailand [31] and the Guidelines for Good Indoor 
Air Quality of Singapore [32]. The standard for indoor 
airborne fungi was specified that the concentration 
should not exceed 500 CFU/m3.

On-site inspection and questionnaire survey
A  self-administered questionnaire was developed 

and modified from the previous studies [17,19, 
27]. All questions were reviewed and evaluated by 
three different experts in the field of environment 
and medicine to check the content, relevance, and 
readability. The questionnaire was modified until 
it had a  content validity index of 0.87, which was 
acceptable [33, 34]. The research was performed 
under relevant guidelines/regulations. Participants 
who decide to take part in this study will be asked 
to sign a  consent form. Data regarding dwelling 
characteristics (building age and height, wall and floor 
materials and ventilation system), occupant behaviors 
(cleaning, window open, and number of students in 
the room), room dampness-related indicators (fungal 
spot, water leak and wall crack), and fungal exposure-
related symptoms (asthma, allergic rhinitis, wheezing, 
dry cough, itchiness, and other respiratory diseases) 
were obtained from a self-administered questionnaire, 
Inspectors gathered and recorded additional 
information about dwelling characteristics, wall and 
floor materials, and room dampness-related indicators.

Data analysis 
Statistical analysis was performed using Statistical 

Package for Social Sciences (SPSS 25) and Microsoft 
Excel 2019. Descriptive data were reported as 
frequencies and percentages, while continuous 
variables were described as mean ±standard deviations 
(SD). Chi-square test was utilized to determine the 
correlation between occupant behaviors and indoor 
airborne fungi levels. Pearson correlation was used 
to evaluate the correlation between indoor airborne 
fungi, indoor meteorological parameters, and dwelling 
characteristics. The factors that affect indoor airborne 
fungi were determined using linear regression 
analysis. Significance in all statistical analyses was set 
at p-value < 0.05.

RESULTS

Building and demographical characteristics
The air samples were collected from a total of nine 

student dormitories, representing 89.40% (135/151) 
of the total rooms. The majority of the samples were 
taken from female rooms (85.93%, 116/135). All the 
dormitories were constructed in 1989 and had three 
levels. The second floor had the highest number of 
samples (40.00%, 54/135), followed by the first floor 
(31.85%, 43/135) and the third floor (28.15%, 38/135). 
The rooms were occupied by students from different 
schools and academic years, with a maximum of four 
students (69.63%, 94/135), followed by three students 
(11.11%, 15/135), and two students (19.26%, 26/135). 
The students typically spent an average of more than 
15 hours per day in their rooms. In addition, the study 
identified room dampness-related indicators such 
as fungal spots (14.07%, 19/135), water leak spots 
(11.11%, 15/135), and wall cracks (9.63%, 13/135). 

Occupant health symptoms and indoor airborne 
fungi

Only 59.20% (280/473) of the occupants in the 
135 rooms responded to the health status survey, 
which consisted of 1.29% (40/280) of males and 
85.71% (240/280) of females. The results of the health 
symptoms survey showed that only 30.36% (85/280) 
of occupants had symptoms related to fungal exposure 
in the past year. Among these occupants, most of them 
showed only one symptom, while some occupants 
had multiple symptoms up to five symptoms. The 
most symptom was respiratory symptoms 87.06% 
(74/85) followed by itchiness 29.41% (27/85). The 
health symptoms of occupants in different fungal level 
room are shown as Figure 1. There was no significant 
difference in the prevalence of health symptoms 
between the rooms with different levels of fungal 
concentration (P>0.05). 

The concentrations of cultivable indoor fungi
In this study, a  concentration of indoor airborne 

fungi over 500 CFU/m3 was found in 41 (30.37%) 
rooms, while the remaining 94 (71.85%) had a lower 
concentration than 500 CFU/m3. Among all student 
dormitories, the average concentration of indoor 
airborne fungi was 409.72±176.22 CFU/m3. The 
highest concentration of indoor airborne fungi was 
found in first floor (411.82±181.43 CFU/m3), followed 
by third floor and second floor (410.50±168.49 and 
407.50±180.57 CFU/m3, respectively) - Figure 2 (a). 
There is no significant difference of indoor fungal 
concentration among all three floors (P>0.05). For 
meteorological parameters, the averages of RH (%), 
temperature (°C), and CO2 (ppm) were 70.99±2.37, 
31.11±0.56 and 413.29±76.72, respectively. The results 
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of this study showed that the highest relative humidity 
(RH) was observed on the first floor (72.74 ± 2.34%), 
followed by the second and third floors (70.68 ± 2.22% 
and 69.46 ± 0.99%, respectively) (P<0.05)- Figure 
2 (b). Moreover, the maximum temperature was 
recorded on the highest floor (31.41±0.45°C), followed 
by the second floor (31.17±0.55°C) and the first floor 
(30.78±0.50°C) (P<0.05). 

Occupant behavioral factors for indoor airborne 
fungi

The associated occupant behaviors of airborne 
fungi in the student dormitory are shown in Table 1. 
There is no significant difference between occupant 
behavior and indoor airborne fungi. In this study, 
occupants open the room window for approximately 
15 hours a day for ventilation because there is no air 
conditioner in this type of dorm. The dorms were 

allowed to function with only natural ventilation and 
an electric fan for cooling. Most occupants clean their 
rooms by sweeping the floor, followed by wiping with 
water, primarily done for 2–6 days a  week. There 
was a  marked decrease in the number of airborne 
fungi in the room where the floor had been cleaned 
and mopped with water. The number of students 
per room number of students per room did not show 
a  significant correlation with indoor fungal level 
and dampness (P=0.066). Additionally, the number 
of student occupants in a room was not significantly 
correlated with the presence of fungal spot (P=0.231), 
water leak spot (P=0.951) and wall crack (P=0.446).

The correlation between indoor fungi and 
environmental factors

The correlation of indoor airborne fungi and 
environmental factors was shown in Table 2. Among 

Figure 1. The symptoms related with fungal exposure among occupant in student dormitory: (A) room with > 500 CFU/
m3,  (B) room with < 500 CFU/m3

a)							             b)

Figure 2. The average indoor airborne fungi (a) and RH (b) among different floor level. (•) was 1st floor; (■) was 2nd floor 
and (▲) was 3rd floor

Environmental factors influencing indoor airborne fungi in students dormitory in Thailand
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all measured rooms in the student dormitory, indoor 
airborne fungi showed a  positive correlation with 
RH and a  negative correlation with temperature 
(P<0.05). The results indicated that the fungal 
concentration of fungi increased in a high-damp and 
low-temperature room. The decrease in temperature 
resulted in an increase in RH, which demonstrated 
a  negative correlation between RH and temperature 
(P<0.05). In addition, only building height shown 
a  negative correlation with RH, while temperature 
demonstrated a  positive correlation. The RH in the 
student dormitory decreases at the higher building 
level, while the temperature increases at the higher 
building level. There are no association between 
indoor airborne fungi and room dampness-related 
indicators (fungal spot, water leak spot, wall crack) 
(data not shown). When examining the indoor airborne 
fungi and environmental factors on each floor, no 
correlation was found between indoor airborne fungi 

and room dampness-related indicators on each floor 
(P>0.05). However, temperature exhibited a negative 
correlation with indoor airborne fungi on the second 
floors (r=-0.537, P<0.05) and third floors (r=-0.309, 
P<0.05), whereas RH displayed a positive correlation 
with indoor airborne fungi on the first floor (r=0.575, 
P<0.05). Additionally, a  negative correlation was 
reported between temperature and RH on the first 
floor (r=-0.537, P<0.05).

Factors associated with indoor airborne fungi
The results of linear regression analysis of the 

association between indoor airborne fungi and 
environmental variables showed in Table 3. The 
results of correlation between fungal abundance and 
environmental factors revealed that increased relative 
humidity and building height is associated with 
increased growth of fungi in indoor environments. 
The abundance of indoor airborne fungi was positively 

Table 1. Behavioral factors associated with indoor airborne fungi

Behavioral factors
< 500 CFU/m3 > 500 CFU/m3

P-value
No Prevalence

 (%) No Prevalence 
(%)

Duration of the window open 
a day (h) (mean ± SD) 15.28 ± 9.40 15.07 ± 9.90 0.903

Opening room window
Every Day 13.00 13.83 10.00 24.39

0.279Often 73.00 77.66 28.00 68.29
Never 8.00 8.51 3.00 7.32

Sweeping the floor
Yes 91.00 95.79 40.00 100.00

0.188
No 4.00 4.21 0.00 0.00

Wiper with water
Yes 61.00 64.21 24.00 60.00

0.644
No 34.00 35.79 16.00 40.00

Wiper with water and detergents
Yes 7.00 7.37 2.00 5.00

0.614
No 88.00 92.63 38.00 95.00

Sweeping cobwebs
Yes 8.00 8.42 2.00 5.00

0.488
No 87.00 91.58 38.00 95.00

Room cleaning frequency per week
Every day 31.00 32.63 7.00 17.50

0.151
Often 62.00 65.26 31.00 77.50

Once a week 1.00 1.05 2.00 5.00
Never 1.00 1.05 0.00 0.00

Number of students per room
2 21 22.11 5 12.50

0.0663 7 7.37 8 20.00
4 67 70.53 27 0.00

N. Precha, K.Totem, L. Nuychoo, N.C. Dom
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associated with an increase in RH (β=0.267, 95% CI: 
5.288, 34.401) and building height (β=0.269, 95% CI: 
16.283, 105.873), with values of 19.845 and 61.078, 
respectively. Conversely, temperature exhibited 
a  negative effect on indoor airborne fungi (-92.224, 
β=-0.292, 95% CI: -150.052, -34.396). 

DISCUSSION

The present study aimed to evaluate the impact 
of environmental factors on indoor airborne fungi 
in student dormitories located in southern Thailand. 
This study involved monitoring and assessing 
meteorological factors, dwelling characteristics, 
indoor airborne fungi, and occupant behaviors and 
health symptoms in a total of 135 rooms in traditional 
student dormitories. Due to the COVID-19 pandemic, 
access to rooms with air conditioning was limited. 
Consequently, the total culturable fungal count was 
measured in the traditional dormitories without 
air conditioning, which were equipped with open 
windows and electric fans for ventilation.

The presence of indoor airborne fungi in 
university student dormitories can be influenced by 
meteorological factors such as temperature, humidity, 
and air exchange rate. These factors play a  crucial 
role in determining the growth and dissemination 
of fungi in indoor environments. The correlation 
analysis demonstrated that RH and indoor airborne 
fungi were positively correlated, while temperature 
was negatively correlated. Our findings are consistent 
with the several indoor microenvironments studies. In 
India, the temperature was negatively correlated with 

indoor fungal abundance, while RH was positively 
correlated [35]. The study of airborne microbes 
in various university indoor environments found 
a positive correlation between indoor airborne fungi 
with RH, while the temperature was negative in the 
student dormitory [ 26]. 

Our findings showed that the presence of indoor 
airborne fungi was highest in the rooms located on the 
first floor, which also had the highest relative humidity 
levels. Both indoor airborne fungi and relative 
humidity decreased at the upper floor level. The results 
of this study indicated that RH is one of the most 
important factors that influences the concentration 
of airborne fungi in indoor environments, which was 
also discovered in those other studies. The study of 
indoor fungi in a public library with natural ventilation 
revealed the positive effect of relative humidity on 
fungal aerosols [36]. The study of fungal growth in 
floor dust also demonstrated the influence of elevated 
relative humidity on fungal growth [37]. According to 
the several studies revealed the adverse health effects 
of indoor RH, therefore RH is one of the important 
meteorological parameters for indoor air quality 
measurement [10, 13, 38]. Dampness environments 
are suitable for the fungal growth, which can then 
produce the allergenic components and spread them 
throughout the air [39].

Moreover, several studies demonstrated an 
increase in airborne fungi when the temperature was 
increased. The study of airborne culturable fungal 
load in an indoor environment of the dormitory in 
Ethiopia revealed a  negative correlation between 
temperature and indoor airborne fungi in the morning 

Table 2. Correlation between indoor airborne fungi concentration and indoor temperature and RH
  Indoor fungi RH Temp CO2 Floor level

Indoor fungi 1        
RH 0.244** 1      

Temp -0.286** -0.422** 1    
CO2 -0.065 -0.168 0.158 1  
Floor 0.003 -0.541** 0.439** -0.010 1

* – Correlation is significant at the 0.05 level (2-tailed) 
** – Correlation is significant at the 0.01 level (2-tailed).

Table 3. Meteorological factors and dwelling characteristics associated with indoor airborne fungi, based on linear 
regression analysis

Variable
Indoor fungi (CFU/m3)

B β t p
Constant 1750.294 1.517 0.132

RH 19.845 0.267 2.697 0.008*
Temperature -92.224 -0.292 -3.155 0.002*

Floor 61.078 0.269 2.697 0.008*
Note. Adjust R2 for indoor fungi is 0.128; * p<0.05; F-value for ANOVA for indoor fungi is 7.547; p<0.05.

Environmental factors influencing indoor airborne fungi in students dormitory in Thailand
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(r=−0.2153, P=.0274), while a positive correlation was 
found in the afternoon (r=0.2046, P=.0363) [40]. The 
study of airborne fungi in domestic environments in 
Mexico also found a  negative correlation between 
temperature and fungal abundance in residence [41]. 
In this study, the abundance of indoor airborne fungi 
was not influenced by CO2, while the previous studies 
showed the correlation. The previous study of airborne 
culturable fungal load in an indoor environment of the 
dormitory in Ethiopia revealed a negative correlation 
between CO2 and indoor airborne fungi in the morning 
(r=−0.3785, P=.0001), while a positive correlation was 
found in the afternoon (r=0.3183, P=.0009) [40].

The impact of meteorological factors on indoor 
airborne fungi can vary depending on the specific 
microclimate and dwelling characteristics of the 
student dormitories and the behavior of occupants. The 
linear regression analysis showed that building height, 
RH, and temperature were the significant factors in 
indoor airborne fungi abundance. At the same time, 
RH and temperature in the student dormitory were 
influenced by building height. Indoor RH was mostly 
high on the first floor, while the temperature was 
highest on the third floor. An inverse behavior between 
RH and temperature was found in this study, which is 
consistent with the previous study in a public library 
with natural ventilation [36]. Furthermore, there is 
a correlation between the cleaning frequency and floor 
level, which found that the third-floor room showed 
more room cleaning frequency than the lower level. 
These may be the most significant factors contributing 
to the high levels of airborne fungi and RH on the 
first floor compared to the upper floors. This finding 
suggested that the behavior of occupants may also 
play an important role in indoor air quality. The 
results of this study, which investigated the impact of 
meteorological factors and dwelling characteristics, 
are supported by confidential evidence obtained 
through a large-scale on-site investigation [42].

The adverse health effects of indoor air quality 
were also reported, which found no influence of indoor 
fungi and dampness on health effects in this study. 
Itchiness (22.50%), wheezing (18.33%), and allergic 
rhinitis (10.00%) were reported as significant adverse 
health outcomes. Our study had showed the different 
findings with previous studies. The study on the health 
risk of indoor microbial exposure demonstrated that 
elevated levels of bioaerosols are the foremost risk 
factor that can lead to various respiratory and general 
health issues [6]. They reported that the headache 
(28%) and allergy (20%) were significant indoor health 
concerns, while Dry, itching, irritated, or watery eyes 
(10%), Sore or dry throat, and frequent coughing 
(13%) were also reported. Dampness indicators such 
as condensation, visible mold, and water damage have 

been associated with an increase in allergic rhinitis 
and asthma [43, 44].

The correlation between indoor airborne fungi 
and meteorological factors in student dormitories 
highlights the need for ongoing monitoring and 
management strategies to maintain indoor air 
quality. Proper ventilation could reduce the mold 
risk in residential buildings, as indicated by a  study 
of exhaust fan use that demonstrated its ability to 
remove moisture and reduce indoor mold growth [4, 
45, 46]. Natural ventilation from opening windows 
and mechanical ventilation from electric fans may 
influence air circulation among all dorm rooms in 
this study. However, the purpose of using electric fans 
was to cool down, which would be effective reducing 
the body temperature [46]. Therefore, to reduce 
fungal levels and improve air quality in university 
student dormitories, the effective ventilation systems 
and monitoring indoor air quality should be more 
concerned. Furthermore, promoting awareness among 
students and staff about the importance of Indoor Air 
Quality (IAQ) and how to maintain it can also be 
beneficial. 

The present study utilized a  self-administered 
questionnaire to obtain additional information 
regarding dwelling characteristics, occupant 
behaviors, room dampness-related indicators, and 
fungal exposure-related symptoms. The results of the 
study may aid in the identification of potential risk 
factors for fungal exposure. However, it is important 
to note some limitations of the study. Firstly, only the 
total culturable fungal count in traditional dormitories 
without air conditioning was measured due to the 
COVID-19 pandemic, and therefore, the findings may 
not accurately represent the true concentration of 
airborne fungi in all student dormitories. Secondly, 
the study was conducted during the wet season, 
which may not be fully representative of fungal 
concentrations during other seasons. Thirdly, the 
study did not examine the health effects of specific 
fungi species or allergenic components of fungi, which 
could have varying impacts on human health. Finally, 
this study provides valuable insights into the impact 
of meteorological factors and occupant behavior on 
indoor airborne fungi in student dormitories. However, 
further research is necessary to fully comprehend the 
intricate relationships between different factors and 
their effects on indoor air quality and human health.

CONCLUSION

Our findings reported insights into the factors that 
influence the growth and distribution of indoor fungi. 
Specifically, the results reveal that meteorological 
and dwelling characteristics are significant factors 
influencing the abundance of airborne fungi in student 
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dormitories. The abundance of indoor airborne fungi 
was positively associated with an increase in RH 
and building height, while temperature exhibited 
a negative effect on indoor airborne fungi. The findings 
highlight the influence of meteorological factors and 
dwelling characteristics on indoor airborne fungi in 
the student dormitory. To improve indoor air quality 
and minimize health risks in student dormitories, it 
is imperative to implement effective management 
strategies such as maintaining low relative humidity 
levels, enhancing ventilation, conducting regular 
inspections to identify and repair water leakage or 
signs of dampness, adopting regular cleaning and 
disinfection practices, and carrying out routine health 
checkups of students.

Declaration of interest statement
The authors declare that they have no conflict of 
interest regarding this article.

REFERENCES

1.	 Institute of Medicine (US) Committee on Damp Indoor 
Spaces and Health. Damp Indoor Spaces and Health. 
Washington (DC): National Academies Press (US); 
2004.

2.	 Piecuch A., Ogórek R.: Quantitative and qualitative 
assessment of mycological air pollution in a dormitory 
bathroom with high humidity and fungal stains on the 
ceiling a case study. Polish J Environ Stud. 2021;30:1955–
1960. https://doi.org/10.15244/pjoes/125006

3.	 Garrett MH., Rayment PR., Hooper MA., Abramson 
MJ., Hooper BM.: Indoor airborne fungal spores, house 
dampness and associations with environmental factors 
and respiratory health in children. Clin Exp allergy J 
Br Soc Allergy Clin Immunol. 1998;28:459–467. https://
doi.org/10.1046/j.1365-2222.1998.00255.x

4.	 Mahooti-Brooks N., Storey E., Yang C., Simcox 
NJ., Turner W., Hodgson M.: Characterization 
of mold and moisture indicators in the home. J 
Occup Environ Hyg. 2004;1:826–839. https://doi.
org/10.1080/15459620490890332

5.	 Fung F., Hughson WG.: Health effects of 
indoor fungal bioaerosol exposure. Appl Occup 
Environ Hyg. 2003;18:535–544. https://doi.
org/10.1080/10473220301451

6.	 Kumar P., Singh AB., Singh R.: Comprehensive health 
risk assessment of microbial indoor air quality in 
microenvironments. PLoS One. 2022;17:1–16. https://
doi.org/10.1371/journal.pone.0264226

7.	 Adams RI., Leppänen H., Karvonen AM., Jacobs J., 
Borràs-Santos A., Valkonen M., Krop E., Haverinen-
Shaughnessy U., Huttunen K., Zock JP., Hyvärinen 
A., Heederik D., Pekkanen J., Täubel M.: Microbial 
exposures in moisture-damaged schools and 
associations with respiratory symptoms in students: 
A  multi-country environmental exposure study. 

Indoor Air. 2021;31:1952–1966. https://doi.org/10.1111/
ina.12865

8.	 Caillaud D., Leynaert B., Keirsbulck M., Nadif R., 
Roussel S., Ashan-Leygonie C., Bex V., Bretagne S., 
Caillaud D., Colleville AC., Frealle E., Ginestet S., 
Lecoq L., Leynaert B., Nadif R., Oswald I., Reboux G., 
Bayeux T., Fourneau C., Keirsbulck M.: Indoor mould 
exposure, asthma and rhinitis: Findings from systematic 
reviews and recent longitudinal studies. Eur Respir Rev. 
2018;27. https://doi.org/10.1183/16000617.0137-2017

9.	 Mendell MJ., Mirer AG., Cheung K., Tong M., Douwes 
J.: Respiratory and allergic health effects of dampness, 
mold, and dampness-related agents: A  review of the 
epidemiologic evidence. Environ Health Perspect. 
2011;119:748–756. https://doi.org/10.1289/ehp.1002410

10.	Fisk WJ., Lei-Gomez Q., Mendell MJ.: Meta-analyses 
of the associations of respiratory health effects with 
dampness and mold in homes. Indoor Air. 2007; 17: 284–
296. https://doi.org/10.1111/j.1600-0668.2007.00475.x

11.	Haverinen-Shaughnessy U., Shaughnessy RJ., Cole EC., 
Toyinbo O., Moschandreas DJ.: An assessment of indoor 
environmental quality in schools and its association with 
health and performance. Build Environ. 2015;93:35–40. 
https://doi.org/10.1016/j.buildenv.2015.03.006

12.	Azuma K., Ikeda K., Kagi N, Yanagi U., Hasegawa 
K., Osawa H.: Effects of water-damaged homes 
after flooding: Health status of the residents and the 
environmental risk factors. Int J Environ Health Res. 
2014;24:158–175. https://doi.org/10.1080/09603123.2013
.800964

13.	Sun Y., Zhang Y., Bao L., Fan Z., Sundell J.: Ventilation 
and dampness in dorms and their associations with 
allergy among college students in China: A  case-
control study. Indoor Air. 2011;21:277–283. https://doi.
org/10.1111/j.1600-0668.2010.00699.x

14.	Turunen M., Toyinbo O., Putus T., Nevalainen A., 
Shaughnessy R., Haverinen-Shaughnessy U.: Indoor 
environmental quality in school buildings, and the 
health and wellbeing of students. Int J Hyg Environ 
Health. 2013;217:733–739. https://doi.org/10.1016/j.
ijheh.2014.03.002

15.	Hurraß J., Heinzow B., Aurbach U., Bergmann KC., 
Bufe A., Buzina W., Cornely OA., Engelhart S., Fischer 
G., Gabrio T., Heinz W., Herr CEW., Kleine-Tebbe J., 
Klimek L., Köberle M., Lichtnecker H., Lob-Corzilius 
T., Merget R., Mülleneisen N., Wiesmüller GA.: Medical 
diagnostics for indoor mold exposure. Int J Hyg Environ 
Health. 2017;220:305–328. https://doi.org/10.1016/j.
ijheh.2016.11.012

16.	Fischer G., Dott W.: Relevance of airborne fungi 
and their secondary metabolites for environmental, 
occupational and indoor hygiene. Arch Microbiol. 
2003;179:75–82. https://doi.org/10.1007/s00203-002-
0495-2

17.	Wang X., Liu W., Huang C., Cai J., Shen L., Zou Z., Lu 
R., Chang J., Wei X., Sun C., Zhao Z., Sun Y., Sundell 
J.: Associations of dwelling characteristics, home 
dampness, and lifestyle behaviors with indoor airborne 
culturable fungi: On-site inspection in 454 Shanghai 

Environmental factors influencing indoor airborne fungi in students dormitory in Thailand



353No 3

residences. Build Environ. 2016;102:159-166. https://doi.
org/10.1016/j.buildenv.2016.03.010

18.	Moon HJ., Yoon YR.: Investigation of physical 
characteristics of houses and occupants behavioural 
factors for mould infestation in residential buildings. 
Indoor Built Environ. 2010;19:57–64. https://doi.
org/10.1177/1420326X09358022

19.	Spilak MP., Madsen AM., Knudsen SM., Kolarik B., 
Hansen EW., Frederiksen M., Gunnarsen L.: Impact of 
dwelling characteristics on concentrations of bacteria, 
fungi, endotoxin and total inflammatory potential in 
settled dust. Build Environ. 2015;93:64–71. https://doi.
org/10.1016/j.buildenv.2015.03.031

20.	Songnuan W., Bunnag C., Soontrapa K., Pacharn 
P., Wangthan U., Siriwattanakul U., Malainual N.: 
Airborne fungal spore distribution in Bangkok, 
Thailand: correlation with meteorological variables and 
sensitization in allergic rhinitis patients. Aerobiologia 
(Bologna). 2018;34:513–524. https://doi.org/10.1007/
s10453-018-9527-5

21.	Frankel M., Bekö G., Timm M., Gustavsen S., Hansen 
EW., Madsen AM.: Seasonal variations of indoor 
microbial exposures and their relation to temperature, 
relative humidity, and air exchange rate. Appl Environ 
Microbiol. 2012;78:8289–8297. https://doi.org/10.1128/
AEM.02069-12

22.	Marcu F., Hodor N., Indrie L., Dejeu P., Ilies M., Albu 
A., Sandor M., Sicora C., Costea M., Ilies DC., Caciora 
T., Huniadi A., Chis I., Barbu-Tudoran L., Szabo-Alexi 
P., Grama V., Safarov B.: Microbiological, health and 
comfort aspects of indoor air quality in a  romanian 
historical wooden church. Int J Environ Res Public 
Health. 2021; 18. https://doi.org/10.3390/ijerph18189908

23.	Crandall SG., Gilbert GS.: Meteorological factors 
associated with abundance of airborne fungal 
spores over natural vegetation. Atmos Environ. 
2017;162:87–99. https://doi.org/https://doi.org/10.1016/j.
atmosenv.2017.05.018

24.	Reanprayoon P., Yoonaiwong W.: Airborne 
concentrations of bacteria and fungi in Thailand border 
market. Aerobiologia (Bologna). 2012; 28: 49–60. 
https://doi.org/10.1007/s10453-011-9210-6

25.	Lu Y., Wang X., Almeida LCS d. S., Pecoraro 
L.: Environmental Factors Affecting Diversity, 
Structure, and Temporal Variation of Airborne Fungal 
Communities in a Research and Teaching Building of 
Tianjin University, China. J Fungi. 2022; 8. https://doi.
org/10.3390/jof8050431

26.	Li Y., Wang W., Guo X., Wang T., Fu H., Zhao Y., 
Wang, W.: Assessment of airborne bacteria and fungi 
in various university indoor environments: A  case 
study in Chang’an University, China. Environ Eng Sci. 
2015;32:273–283. https://doi.org/10.1089/ees.2014.0050

27.	Sun Y., Sundell J., Zhang Y.: Validity of building 
characteristics and dorm dampness obtained 
in a  self-administrated questionnaire. Sci Total 
Environ. 2007;387:276–282. https://doi.org/10.1016/j.
scitotenv.2007.07.001

28.	Nevalainen A., Pastuszka J., Liebhaber F., Willeke 
K.: Performance of bioaerosol samplers: collection 

characteristics and sampler design considerations. 
Atmos Environ Part A Gen Top. 1992;26:531–540. https://
doi.org/https://doi.org/10.1016/0960-1686(92)90166-I

29.	Moldoveanu AM.: Biological Contamination of Air in 
Indoor Spaces. In: Nejadkoorki F, editor. Current Air 
Quality Issues. Rijeka: IntechOpen, 2015:497–498. 
https://doi.org/10.5772/59727

30.	Hinds WC.: Aerosol Technology: Properties, Behavior, 
and Measurement of Airborne Particles. New York: 
New York: John Wiley and Sons, 1982. 

31.	Department of Health: Indoor air quality monitoring 
for public buildings B.E. 2565. Nonthaburi: Ministry 
of Public Healt (Thailand); 2022. https://laws.anamai.
moph.go.th/th/practices/download/?did=211864&id=99
012&reload=.

32.	Tai GK., Sze G., Sng J., Yin BT., Chuan TC., Hoe LM., 
Huat OT., Cheng FS., Wai TK., Yu WG., Lim OP.: 
Guidelines for Good Indoor Air Quality. Guidel Good 
Indoor Air Qual Off Premises. 1996; 44. 

33.	Kanemitsu K., Inden K., Kunishima H., Ueno K., 
Hatta M., Gunji Y., Watanabe I., Kaku M.: Does 
incineration turn infectious waste aseptic? J Hosp 
Infect. 2005;60:304–306. https://doi.org/10.1016/j.
jhin.2005.01.016

34.	LAWSHE Ch.: A  Quantitative Approach To Content 
Validity. Pers Psychol. 1975; 28: 563–575. https://doi.
org/10.1111/j.1744-6570.1975.tb01393.x

35.	Balyan P., Ghosh C., Das S., Banerjee BD.: Spatio-
temporal variations of indoor bioaerosols in different 
socio-economic zones of an urban metropolis. Polish 
J Environ Stud. 2019;28:4087–4097. https://doi.
org/10.15244/pjoes/81272

36.	Camargo Caicedo Y., Borja Pérez H., Muñoz Fuentes 
M., Vergara-Vásquez E., Vélez-Pereira AM.: Assessment 
of fungal aerosols in a  public library with natural 
ventilation. Aerobiologia. 2023; 39: 37–50. https://doi.
org/10.1007/s10453-022-09772-5

37.	Dannemiller KC., Weschler CJ., Peccia J.: Fungal 
and bacterial growth in floor dust at elevated relative 
humidity levels. Indoor Air. 2017;27:354–363. https://
doi.org/10.1111/ina.12313

38.	Arundel A  V., Sterling EM., Biggin JH., Sterling TD.: 
Indirect health effects of relative humidity in indoor 
environments. Environ Health Perspect. 1986;65:351–
361. https://doi.org/10.1289/ehp.8665351

39.	Zukiewicz-Sobczak WA.: The role of fungi in allergic 
diseases. Postep Dermatologii i Alergol. 2013; 30: 42–
45. https://doi.org/10.5114/pdia.2013.33377

40.	Andualem Z., Ayenew Y., Ababu T., Hailu B.: 
Assessment of Airborne Culturable Fungal Load in an 
Indoor Environment of Dormitory Rooms: The Case 
of University of Gondar Student’s Dormitory Rooms, 
Northwest Ethiopia. Air, Soil Water Res. 2020; 13. 
https://doi.org/10.1177/1178622120933553

41.	Ponce-Caballero C., Gamboa-Marrufo M., López-
Pacheco M., Cerón-Palma I., Quintal-Franco C., 
Giácoman-Vallejos G., Loría-Arcila JH.: Seasonal 
variation of airborne fungal propagules indoor and 
outdoor of domestic environments in Mérida, Mexico. 

N. Precha, K.Totem, L. Nuychoo, N.C. Dom



354 No 3

Atmosfera. 2013;26:369–377. https://doi.org/10.1016/
S0187-6236(13)71083-X

42.	Fan L., Wang J., Yang Y., Yang W., Zhu Y., Zhang Y., Li 
L., Li X., Yan X., Yao X., Wang L., Wang X.: Residential 
airborne culturable fungi under general living 
scenario : On-site investigation in 12 typical cities, 
China. Environ Int. 2021;155. https://doi.org/10.1016/j.
envint.2021.106669 

43.	Wang J., Zhang Y., Li B., Zhao Z., Huang C., Zhang 
X., Deng Q., Lu C., Qian H., Yang X., Sun Y., Norbäck 
D.: Effects of mold, water damage and window pane 
condensation on adult rhinitis and asthma partly 
mediated by different odors. Build Environ. 2023;227. 
https://doi.org/10.1016/j.buildenv.2022.109814

44.	Kanchongkittiphon W., Mendell MJ., Gaffin JM., Wang 
G., Phipatanakul W.: Indoor environmental exposures 

and exacerbation of asthma: An update to the 2000 
review by the institute of medicine. Environ Health 
Perspect. 2015;123: 6–20. https://doi.org/10.1289/
ehp.1307922

45.	Norkaew S., Changkaew K., Ketsakorn A.: Indoor air 
quality and its associations with skin related syndrome 
among medical students during gross anatomy 
dissection. 2021;2:203-212

46.	Morris NB., Chaseling GK., English T., Gruss F., 
Maideen MF Bin., Capon A., Jay O.: Electric fan use 
for cooling during hot weather: a biophysical modelling 
study. Lancet Planet Heal. 2021; 5: e368–e377. https://
doi.org/10.1016/S2542-5196(21)00136-4

Received: 20.06.2023
Accepted: 14.08.2023

This article is available in Open Access model and licensed under a Creative Commons Attribution-Non Commercial 3.0.Poland License (CC-BY-NC) 
(http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en)

Environmental factors influencing indoor airborne fungi in students dormitory in Thailand

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

