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ABSTRACT

Introduction: Mold may affect the Indoor Air Quality (IAQ) in workplace dormitories. This study aims to investigate
indoor air factors that affect molds growth in a dormitory of an LNG Company in Indonesia. Several indoor air determinant
factors, including relative humidity, general temperature, wet temperature, dry temperature, air velocity, illumination,
particulate matter, and carbon dioxide concentration were assessed against the growth of microorganism colonies.
Methods: This study was a cross-sectional study using a 2 (two)-stage Andersen sampler based on NIOSH 0800 Bioaerosol
Sampling Method for Indoor Air Quality for viable bioaerosol sampling. Bioaerosol samples were collected from 50 indoor,
corridor, and outdoor sampling points. The total colony count for bioaerosols (TCC) was then determined (CFU/m?). Ten
indoor air quality parameters, i.e., relative humidity, general temperature, wet temperature, dry temperature, air velocity,
illumination, particulate matter, and carbon dioxide concentration, were measured. Results: The average mold colony
concentration in the dormitory rooms was higher (703.1 CFU/m?) than the maximum standard issued by the Ministry of
Health of the Republic of Indonesia (< 700 CFU/m?) while the relative humidity was very high (84.4% RH on average),
with a direct relation between the humidity and the mold colony concentration. A significant correlation was also identified
between mold colony concentration, wet temperature, and CO, concentration. Conclusion: Significant correlations between
bioaerosols, relative humidity, wet temperature, and indoor CO, concentration indicate insufficient ventilation and poor
indoor air quality in the dormitory.
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INTRODUCTION

The quality of indoor air is of greater
significance to human health due to the longer
exposure of indoor air compared to the outdoor
air. An average person inhales around 6-10 I/min
and needs 15 m? of air per day (Dang et al., 2020).
Indoor air quality is crucial to human health, since
most human’s activities take place in an indoor
environment, such as in offices, dormitories, and
houses (Enitan et al., 2017). Presently, people spend
more than 80% of their time indoors, including
in their accommodation. Human activities such
as talking, sneezing, coughing, walking, and
washing can produce biological dust in the air.

Food, houseplants, house dust, clothing, carpets,
wood materials, and furniture can also occasionally
release various types of microorganisms into indoor
air (Dang et al., 2020). Concentrations of fungi in
indoor environments vary depending on factors
like temperature, humidity, materials, number and
circulation of people, characteristics of the building,
geographical and climatological conditions, heating-
cooling, and ventilation systems (Ozkan, 2020).
Therefore, it is essential to study and evaluate indoor
air quality and take appropriate measures to protect
the health of the people.

Various genera of microorganism may be
identified in indoor air, particularly Staphylococcus,
Bacillus, Micrococcus, Cladosporium, Aspergillus,
and Penicillium (Degois et al., 2021b). Several
prior studies have demonstrated that the microbial
characterization depends on the indoor air
environment and will differ greatly in season, time,
ventilation, and location (Fujiyoshi, Tanaka and
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Maruyama, 2017). A previous study has reported
that an indoor air temperature exceeding 25°C
can cause an increase in fungi growth (Zender-
Swiercz et al., 2019). It is also suggested that there
is a correlation between the amount of fungi and
the indoor air temperature (Stojanovi¢ Bjeli¢, Ili¢
and Farooqi, 2020). Molds produce millions of
spores, and they are loosely attached that even slight
air currents will disturb the spores, making them
airborne. Molds spores come in small sizes (large
spores are 10-20mm, average 1-5mm); hence, it can
easily stay airborne and may be inhaled and breathed
deep into the airways. Spores are very tolerant to
dryness, changes in temperature, UV light, and some
chemicals (Giri, 2020).

In addition, some types of bacteria such as
Streptococcus, Mycoplasma and Staphylococcus may
cause skin-related diseases, as well as respiratory
system diseases and allergies. Consequently, it can
lead to an increased proportion of people infected by
these microorganisms. In a normal indoor air quality,
the number of microorganisms must be lower than
the number of the outdoor microorganisms (Salihu et
al., 2018). Another study reported Corynebacterium
and Staphyloccocus as the bacteria that represent
more than 5% of the bacterial reads in most samples,
with a concentration of 45% and 88%, respectively
(Degois et al., 2021a). A previous study also stated
that high humidity and poor cleanliness of the rooms
are conditions that support a strong growth of fungi.
Moreover, other environmental factors such as
vegetation, urbanization, and airborne particulate
matter, also affect the growth of mold and bacteria
in the indoor air (Dang et al., 2020).

The United States Environmental Protection
Agency (US EPA) and the World Health
Organization (WHO) have recognized Indoor Air
Quality (IAQ) as a multi-disciplinary phenomenon
and classified pollutants into several categories. The
presence of fungi and bacteria in indoor environment
will cause serious problems to human’s health,
leading to respiratory symptoms such as asthma,
cough, reduced lung functions, wheezing, allergies,
allergic bronchopulmonary aspergillosis (ABPA),
and allergic fungal sinusitis (AFS) (Mannan and
Al-Ghamdi, 2021). Meanwhile, a different study
has reported that mechanical ventilations may
also have detrimental health effects, including an
increased risk of asthma, dry eyes, and sick building
syndrome symptoms (Lim et al., 2021). Moreover, a
commission report by Royal College of Physicians
has estimated that nearly 3 billion people worldwide

are daily exposed to poor indoor air quality caused
by the use of solid fuels for cooking, heating, and
lighting. This report concluded that household air
pollution is a major contributor to global figures
for morbidity and mortality, with major effects on
respiratory system.

In fact, fungal spores are generally recognized
as an important cause of respiratory allergies in
both the lower and upper respiratory tracts. Allergic
reactions usually occur at the site of the allergen
deposition. When a higher number of fungal spores
is inhaled, they will be deposited in the nasopharynx
and are associated with nasal and/or ocular
symptoms usually referred to as hay fever (also
known as rhinitis). Spores with a size of less than
Smm can penetrate the lower airways, where allergic
reactions and asthma may occur (Giri, 2020).

A prior study has shown an increased level of
indoor air quality parameters, particularly carbon
dioxide (CO,), which is closely related to the indoor
ventilation rate and is associated with the daily risk
of eye fatigue, allergic rhinitis, and atopic dermatitis
symptoms (Lim et al., 2021). This study reported
that an increase of CO, by 100 ppm is associated
with an elevated risk for eye fatigue and cough
symptoms in adults. In addition, a high level of
indoor relative humidity is associated with a low
risk of skin dryness in adults but a high risk of
cough and rhinitis symptoms in children (Lim et
al.,2021).

Recently, both scientists and the public have
focused on risks associated with IAQ due to
significance changes in the complex compositions
of indoor air pollutants (Mannan and Al-Ghamdji,
2021). Indonesia is a country with high humidity,
meaning that it has prominent mold growth and
increased risks of bioaerosol-related human health
issues.

With indoor air quality related issues in mind,
the researchers conducted an initial observation in a
dormitory building of an Indonesian LNG company.
Most workers will 7 to 12 hours in the dormitory
everyday. The dormitory started to operate in 2009,
and a few months after it was operated, some workers
complained about bad smell and presence of fungi
in their rooms, including on their clothes, shoes,
bags, and other personal items kept in the room after
several months of operation. It was predicted that
the dormitory room had a high relative humidity
that was similar to the outdoor environment, causing
increased growth of fungi. Since the dormitory used
air conditioners, other factors may also contribute
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to the fungal growth, including temperature, air
velocity, illumination, particulate matter, and carbon
dioxide concentration.

Thus, this study aims to investigate the
determinant factors of microorganism colony growth,
including relative humidity, general temperature,
wet temperature, dry temperature, air velocity,
illumination, particulate matter, and carbon dioxide
concentration in an Indonesian LNG company’s
dormitory.

METHODS

This was a cross-sectional study conducted
from May to June 2014 to determine the relationship
between number of mold colonies, and several IAQ
parameters (relative humidity, general temperature,
wet temperature, dry temperature, air velocity,
illumination, particulate matter, and carbon dioxide
concentration). Bioaerosol samples were collected
from the employees' bedrooms, as well as the
corridor and outdoor environment of the residential
facilities.

Total population was included in the study,
consisting of the 293 rooms of the dormitory.
Samples were selected based on the proportional
sampling approach, resulting in 46 bioaerosol
samples plus four samples, each representing (4)
other locations outside the Dormitory rooms. Thus,
a total of 50 samples or sampling locations were
included in the study.

Bioaerosol sampling was performed carried
out using the NIOSH 0800 standard for Bioaerosol
Sampling (Indoor Air Quality) (NIOSH NMAM,
1998) with a biostage sampler (Andersen two stage
cascade impactor). The US Center for Disease
Control and Prevention (CDC) NIOSH constructed
the details of sampling and characterization of
bioaerosol through the NIOSH Manual of Analytical
Methods (NMAM) 0800 that describes methods
to collect culturable airborne fungi and bacteria
in buildings using an Andersen cascade impactor
(Lindsley et al., 2017). Previous research by Zavieh
et. al., used the NIOSH method 0800-0999 to
evaluate the bacterial bio-aerosols in the indoor air
concentration of gyms (Zavieh et al., 2021). In this
mtehod, a Hi-flow active air-sampling pump is used
to trap the air from the room through a flexible hose
(minimum flow rate of 28.3 L/min). The trapped air
is passed to the sampling media, which is placed on
the 2 (two stage) bio stage sampler. The duration
of air sampling time for bioaerosol sampling in
this study was 3-10 minutes. Sampling was done

aseptically while using proper personal protective
equipment to avoid contamination to the sampling
media. After sampling, the sample on a petri dish
with DG18 (dichloran glycerol agar) media was
covered with a sterile lid and applied to parafilm so
that no air could enter and contaminate the sample.
Blank bioaerosol samples were taken to ensure
quality assurance, and for identification of mold
species. The samples were then placed in the cool
box where the temperature was maintained between
0-10°C. The samples were sent to the designated
laboratory as soon as possible. During bioaerosol
sampling, a grab sampling of [AQ parameters, i.e.,
relative humidity, temperature, air velocity rate,
illumination, dry temperature, wet temperature,
particulate matter (PM,,) and CO, concentration,
were also carried out simultaneously using a direct
reading equipment. Data produced from the direct
reading equipment was downloaded to the computer
after the measurement was completed.

An integrated air velocity meter was used to
measure the air movement speed, room temperature,
and humidity. Indoor Air Quality Monitor was used
for measuring several IAQ parameters, including
relative humidity, dew point, temperature, and
carbon dioxide (CO,) levels. Anemometer was used
to measure the speed of air movement or the rate
of ventilation (air velocity) while the lux meter
was used to measure the level of illumination. A
digital camera and a checklist were used during
observations or inspections at the research site.

Air samples for mold contamination were sent
to two KAN (National Accreditation Committee)
accredited laboratories consisting of a laboratory
based in East Jakarta for mold colony analysis and a
biology laboratory for identification of mold species.
Data were collected and univariate and bivariate
analyses were conducted using the SPSS version
16.0. In addition, site observation was conducted
to observe any evidence of fungi growth or mold
on furniture and building materials, the presence
of musty odor, potential sources of mold, and other
IAQ pollutants, as well as room conditions that
reflect the behavior of residents and other important
IAQ parameters which related to data analysis.

RESULTS

Most of the data obtained from room air quality
parameters measurements are results of reading on
the measurement instrument with a direct reading
system. Only the parameter of new number of mold
colonies was obtained after analysis of samples in
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the laboratory. Univariate results for the independent
variables in this study are provided in Table 1.
From Table 1, it is apparent that the results of
air sample analysis for the number of mold colonies
showed that the average value of mold colonies at all
sampling locations was 703.1 CFU/m?. The relative
humidity levels at almost all sampling locations
exceeded the standard level, ranging from 68.8 to
90.8%, with more than half had a humidity level
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of above 80% Relative Humidity (RH). On the
other hand, the room temperature, or the general
temperature, was categorized into two groups of 18-
239C (n=31, 62%) and 23-30°C (n=19, 38%), while
the air temperature ranged between 22.0-28.2°C, the
average air temperature in Dormitory A of 23.5°C,
Dormitory B of 22.8°C, the corridors of 27°C, and
an outdoor temperature of 28.2°C.

Table 1. Bioaerosols and [AQ Parameters by Sampling Location

Average Value of Measurement Results Based on Sampling Locations

Relative General Dry W e t Air Illumination Illumination Particulate Total
Location  Humidit Tem Tem Tem Vel 1 Open 2 Closed Matter €O, Mold
y P P P ) window window (PM,,) Colony
(CFU/
(YeRH) (&) O (O (mhs) (Lux) (Lux) (mg/m3)  (ppm) m?)
Dormitory 75 238 243 215 0.08 204.0 78.0 0.016 3320  730.0
A-Floor 1
Dormitory ¢, | 235 244 221 0.09 419.0 134.8 0.008 3255 8733
A-Floor 2
Dormitory 72.3 233 243 206  0.03 500.0 98.0 0.009 3007 4417
A-Floor 3
Dormitory g7 ¢ 233 244 221 0.10 332.4 107.0 0.006 3428 8932
A-Floor 4
Dormitory 77.9 232 240 210 013 536.2 114.2 0.005 3284  763.8
A-Floor 5
Dormitory ¢ ¢ 239 256 209  0.07 452.5 100.5 0.005 2775 4755
A-Floor 6
Average 77.6 235 245 214 008 407.4 105.4 0008  317.8 6962
Dorm. A:
Dormitory 77.2 23 235 210 015 318.8 138.1 0012 3593 6817
B-Floor 1
Dormitory 82.3 223 235 206 0.3 210.3 102.0 0.006 3307 734.0
B-Floor 2
Dormitory 77.2 230 255 217 0.06 210.4 148.0 0.008 3060  681.0
B-Floor 3
Dormitory 7 3 220 227 198 0.1 476.4 87.8 0.010 3810  762.8
B-Floor 4
Dormitory 80.6 237 246 217 007 527.0 419.0 0.008 3190  851.0
B-Floor 5
Dormitory 75 234 248 212 0.4 363.0 140.5 0.004  289.0 5493
B-Floor 6
Average 78.4 228 241 210 0.1 379.1 172.6 0.008 3308  710.0
Dorm.B:
Average 78.0 23.1 243 212 010 393.2 139.0 0.008 3243  703.1
Dorm
Corridor 90.8 270 275 260  0.13 508.0 435 0.010 2240 9720
Average 90.8 270 275 260 0.3 508.0 435 0010 2240  972.0
Corridor
Outdoor 89.1 282 288 266  0.18 499.0 N/A 0.005 1850  855.0
Average 89.1 282 288 266 0.8 499.0 0.0 0.005 1850  855.0

Outdoor
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The wet temperature parameters were also
divided into two groups with the same temperature
range as the general temperature. A wet temperature
of 18-23°C was identified in 10 rooms (20%), while
the wet temperature of 23-30°C was found in the
majority of the sampling locations (n=40, 80%).
As for the range, the lowest wet temperature was
17.99C while the highest wet temperature was
26.6°C., with the highest average wet temperature
was found in the outdoor locations (28.8°C) while
the highest was seen in Dormitory B with 21.0°C.
The dry temperature was also categorized into
two groups, with 10 rooms (20%) were found to
have a dry temperatures of 18-23°C, while a dry
temperature of 23-30°C was seen in the majority of
of the sampling locations (n=40, 80%). The lowest
dry temperature was 21.2°C, while the highest was
29.20C. On average, the lowest dry temperature was

Table 2. Mold Species Identified in Rooms, Outside
Locations, and Corridors of Dormitories

Location Name of Mold Species  Percentage
Mycelia sterilia 50%
Aspergillus niger 30%
Outdoor Curvularia lunata 10%
Penicillium 10%
chrysogenum
Penicillium citrinum 31%
Mycelia sterilia 25%
Indoor (bedroom) . .
Aspergillus niger 13%
Alternaria alternate 6%
Curvularia lunata 6%
Fusarium acuminatum 6%
Indoor (bedroom) i
Aspergillus terreus 6%
Aspergillus nidulans 6%
) Aspergillus niger 50%
Corridor - »
Mycelia sterilia 50%

449

24.19C (Dormitory B), while the highest was 28.8°C
(outdoor).

Ventilation rates or air velocities in meters per
second (m/d) was measured in the range between
0.01 m/d and 0.25 m/d and. Based on Table 1, the
highest average air velocity was 0.18 m/d in outdoor
locations and the lowest was 0.08 m/d in Dormitory
A. For room lighting or illumination, measurements
are made using two scenarios: with the window
curtain open (light source in the room with sunlight
from outside) and the window curtain closed (light
source only comes from the room lights). The light
intensity with the window opened ranged between
148-874 lux with the highest being in the corridor
with 508.0 lux and the lowest in Dormitory A with
379.1 lux. Meanwhile, the light intensity with the
window closed ranged between 38-774 lux, with
Dormitory B having the highest intensity with
172.6 lux. In term of dust with a diameter below
10 microns (10um) or particulate matter-10 (PM, ),
the highest concentration was 0.027 while the
lowest was 0.003 mg /m3. On average, the highest
average concentration of dust was 0.010 mg/m? in
the corridor while the lowest was identified in the
outdoor location with 0.005 mg/m3. For the carbon
dioxide (CO,) level, no room or location of sample
collection had a CO, level of above 500 ppm, with
arange of 115 to 447 ppm, with the average level in
all locations was between 185-324.3 ppm.

Mold samples were sent to the laboratory to
assess the number of the mold colonies and their
type. The mold species identified in the samples are
listed in Table 2 with their percentage based on the
frequency of discovery.

There were nine (9) species of fungi identified
from the samples collected indoor, in the corridor
and outside of the dormitory building. The outside
air carried 4 species, while 8 species and 2 species
were identified in the indoor and corridor air. Three

Table 3. Correlation Between Bioaerosols and IAQ parameters in an Indonesian LNG Dormitory

Variable R R2 Line equation P-value
Humidity (RH) 0.867 0.752 =(-1217.662) +24.671*RH 0.00001
General Temperature 0.186 0.034 =(-159.855)+39.060*Temp 0.271
Dry Temperature 0.149 0.022 =174.997+23.152*Dry Temperature 0.302
Wet Temperature 0.592 0.35 =(-766.283)+71.012*Wet Temperature 0.00001
Air Velocity 0.136 0.019 =652.836 + 555.078*Laju_Ventilasi 0.367
Illmuination-1 (Open window) 0.027 0.001 =731.521- 0.039*I1lumination-1 0.861
[llumination-2 (Closed window) 0.06 0.004 =696.417 + 0.140*[1lumination-2 0.691
PM,, 0.056 0.003 =690.493+ 5.212*PM,, 0.136
CO, 0.409 0.167 =-145.003 + 2.578*CO, 0.005
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of the four (4) species found in the outdoor air were
also found indoor. In other words, 44% of the mold
species found in indoor air were also found in the
outdoor air. Penicillium citrinum, Mycelia sterilia,
and Aspergillus niger were the top three species in
terms of frequency in the indoor air. Meanwhile, in
the outdoor air and corridors, Mycelia sterilia and
Aspergillus niger were the most commonly found
species.

Bivariate analysis was carried out to see the
relationship between independent variables and
confounding variables. Meanwhile, for the dependent
variables, the statistical test used was the correlation
test for two numerical variables.

Based on the statistical test results, some
variables significantly correlated with the number of
mold colonies in the dormitory. These were relative
humidity, wet temperature, and CO, (p-value= lower
than 0.05). On the other hand, general temperature,
dry temperature, air velocity, illuminations (both in
closed windows and open windows), and PM10 were
not correlated with the number of mold colonies.

DISCUSSION

This study suggested that the highest average
level of mold colony was found in the corridor (972
CFU/m3) while the lowest was found in Dormitory
A (696.2 CFU/m3) with an average of 843.4 CFU/
m?3 for the total area of the dormitory. This value is
above the recommended maximum level as stated by
the Indonesia Ministry of Health (2011) (maximum
700 CFU/m3).

The results of this study show that the poor
quality of air in the rooms in the dormitory building
is liked to the mold contamination and that he fungal
growth in this vicinity is affected by high relative
humidity, the high concentration of carbon dioxide,
and wet temperature. Inside the dormitory room,
the dominant colony is the Penicillium citrinum
while at the dormitory’s corridor, the most frequent
microorganism colony identified was Aspergillus
niger and Mycelia sterilia.

Based on the measurement data of mold
colonies, it was found that the average number of
mold colonies in all samples analyzed was 731
CFU/m3, with the highest being 972 CFU/m3
and the lowest being 185 CFU/m3. Specifically
for the air inside the bedrooms, both Dormitory
A and Dormitory B have a mold colony of 714.7
CFU/m3. The expert team on biological factors
recommends a an indoor mold concentration for

living and public quarters of 5.0 x 103 CFU/m?
(Dudzinska, 2011). Meanwhile, the maximum
threshold for microorganism contamination,
including mold, according to the Ministry of Health
of the Republic of Indonesia Health Ministry is 700
CFU/m?3 (Regulation of the Minister of Health of the
Repubilc of Indonesia, 2011). In the outdoor setting
of the dormitory, a high concentration of mold is also
found, with the average number of mold colonies in
the outside area of the building of 855 CFU/m? and
of 972 CFU/m? in the corridors. The high number of
mold colonies outside the room has the potential to
be a source of contamination.

There are at least nine (9) species of mold or
fungi identified in the study site. Of the eight species
found in the room, five are only found indoors and
three (3) are also found outside the room. Sterilia
mycelia is the predominant in all sampling locations,
along with Aspergillus niger. For the Penicillium
group, the Penicillium chrysogenum species is
found in outside air, but not in the indoor air. In
contrast, Penicillium citrinum is only found in the
room. Culvularia lunata species is discovered in
both outside and indoor air. Cladosporium is mostly
known as an outdoor-originated mold species, while
Aspergillus and Penicillium are easily found in the
contaminated indoor environment (Mentese ef al.,
2020). Some species of Penicillium can also be
found in indoor environments and are allergenic
in nature and can trigger several conditions such
as hypersensitivity pneumonia, allergic alveolitis,
keratitis, otomycosis, and penicilliosis.

A recent study by Giri (2020) stated that
Aspergillus, Penicillium, and other fungi can grow
indoor without any obvious moisture problems. In
addition, these fungi can be detected at a higher level
indoors, compared to outdoors. Other fungus species,
such as Acremonium, Alternaria, Aspergillus spp.,
A. niger, A. flavus, A. versicolor, Aureobasidium,
Botrytis, Cladosporium, Exophiala, Fusarium,
Penicillium, Paecilomyces, Scopulariopsis,
Stachybotrys, Trichoderma, and Torula contribute
to deterioration of construction materials made of
concrete and stone (Giri, 2020).

The indoor mold concentration is higher in
homes where visible mold growth or dampness
occurred. The main sources of indoor air pollutants
are building construction materials and decoration
materials, such as carpet, pressed wood, floor
coverings, and wall paint (Mentese et al., 2020).
However, indoor fungi can be a mixture of fungi
from outdoor and indoor sources. A previous
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study also presented that Aspergillus Niger as one
of the dominant fungi in the indoor environment
(Leite Junior et al., 2018). Studies also showed the
presence of 160 cfu/m3 Mycelia sterilia in sleeping
rooms (Zautner, Frickmann and Podbielski, 2021)
and 14% in indoor air (Saadati et al., 2022).

Fusarium spp is found in both indoor and
outdoor air. According to EPA, this is a potentially
toxigenic fungus that may lead to various unexpected
health effects may occur. However, there is no single
literature that suggested certain fungus species as
far riskier than other fungi. The fungi found in this
study are all hydrophilic fungi, which explain its
relationship with humidity. A high concentration of
mold spores will cause health concerns to people
in the form of allergic reactions or mycotoxin
poisoning, causing fungal infection (mycosis).
Specifically for Aspergillus niger, this species can
infect and grow in human’s lungs (Spicer, 2015).

Based on the statistical analysis results, there
are three parameters of indoor air quality that have
a significant relationship with the number of mold
colonies: relative humidity, wet temperature, and
carbon dioxide (CO,) gas level. Microbial growth,
including fungal growth, is commonly observed
in an environment with high relative humidity,
particularly if the RH is greater than 90%, 98%,
70%, 84%, and 80%. The U.S. Environmental
Protection Agency recommends to maintain the
indoor relative humidity to below 60%, ideally
between 30% to 50%. Low humidity may also
discourage pests (such as cockroaches) and dust
mites.

A previous study demonstrated that several
pathogenic strains are able to grow at 37°C,
including Trichoderma (T. citrinoviride, T.
longibrachiatum), Aspergillus (A. flavus, Aspergillus
sp. section Nigri), Rhizopus (R. oryzae) and
Paecilomyces sp (Vornanen-Wingqvist et al., 2020).
A previous studies reported a linear relationship
between the RH-level and the growth of Penicillium
sp. (Vornanen-Winqyvist et al., 2020) and Aspergillus
sp. Moreover, poor cleanliness of the rooms will
increase the growth of fungi (Dang et al., 2020). In
this study, the concentration of fungi in the morning
is found to be higher than in the afternoon due to
the morning temperature that is suitable for fungal
growth (~30°C). Therefore, the growth of fungi is
not only directly controlled by RH but also by the
wet temperature. The presence of fungi and bacteria
aerosols indoors is linked to several factors such as
the activities of the occupants, temperature, relative

humidity, and inadequate ventilation (Chegini et al.,
2020).

An elevated CO, has been demonstrated to
have a highly variable impact on fungal growth as
it depends on the environment. Fungal mycelium
needs a high concentration of CO, to grow (Pavlik et
al., 2020). For instance, the number of Aspergillus is
constant while the number of Penicillium decreases
when the carbon dioxide level is elevated (Tang,
Kuehn and Simcik, 2015). Another study reported
the correlation between high CO, production, fungal
growth, and mycotoxin accumulation (Garcia-Cela
et al., 2020). Another prior research also suggested
that the presence of mold is associated with dusts
on indoor surfaces, such as those accumulated on
carpets and furnishings and from indoor plants,
that can be resuspended into the indoor air through
activities such as walking or cleaning (Chegini et
al., 2020). This study also mentioned that the indoor
airborne bacteria and mold can be contaminated by
outdoor airborne bacteria through natural ventilation
and indoor generative sources.

Mold fungi have a higher tendency to grow in
dry atmosphere and high temperature (Spicer, 2015).
It can be affected by a dark and poorly aerated
indoor environment. An indoor environment can
also be contaminated by bacteria growing in water
reservoirs or moist environments (Mata et al., 2022).
A study conducted by Araujo and Cabral (2010)
also demonstrated that the optimum temperature
for growth and sporulation is usually around 25-
30°C, while the minimum moisture content of
building materials which will allow fungal growth
is approximately 76%.

CONCLUSION

Microorganism contamination in the company’s
dormitory under study is high. A significant
correlation between bioaerosols and relative
humidity, wet temperature, and carbon dioxide level
demonstrated in this study suggested that these
variables can be considered as the determinant
factors of microorganism growth in the indoor
environment of dormitory facilities.
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