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Abstract Bioaerosols are major air pollutants com-

monly found both indoors and outdoors. High expo-

sure levels may result in various adverse health

outcomes. Laboratories, which are indoor environ-

ments carefully designed for specific purposes, may

contain high levels of bioaerosols, which may threaten

worker’s health, and contaminate experimental

results. This study investigated the levels of bioaer-

osols (i.e., culturable fungi and bacteria, and fungal

spores) in laboratories in the Bangkok metropolitan

area. Air samples were collected from 14 Class I and

one Class II laboratories by using a single-stage

impactor and a VersaTrap spore trap cassette.

Colonies were counted after 72 h and 48 h of incuba-

tion for culturable fungi and bacteria, respectively.

Culturable fungi and fungal spores were identified

based on their morphological characteristics. Associ-

ations between bioaerosols and indoor air parameters

and laboratory characteristics were evaluated. The

concentrations (mean ± SD) of culturable bacteria,

culturable fungi, and fungal spores were

87.0 ± 97.8 CFU/m3, 294.9 ± 376.1 CFU/m3, and

771.8 ± 545.3 spores/m3, respectively. Aspergillus/

Penicillium, ascospores, and Cladosporium were

common fungal spore taxa in the laboratories. Cultur-

able fungi significantly increased with the number of

staff and visible molds, whereas water leaks and

culturable fungi significantly increased fungal spore

concentrations. Culturable bacteria were positively

associated with the numbers of trash bins and- 80 �C
freezers. Although bioaerosol concentrations were

considerably lower in the studied laboratories, proper

indoor air management is still suggested in order to

reduce emissions and exposure. This can help workers

avoid adverse health outcomes and reduce the chance

of experimental contamination.

Keywords Bioaerosols � Indoor air quality �
Laboratory � Fungi � Bacteria � Fungal spore

1 Introduction

Bioaerosols are prevalent in the indoor environment

including various forms of cells, toxins, and metabo-

lites generated by microorganisms, arthropods,
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animals, and plants (Burge 2003; Macher 1999). In

addition to other indoor air pollutants such as partic-

ulate matter (PM) and volatile organic compounds,

bioaerosols are considered health hazards. Exposure to

indoor bioaerosols has been proved to cause adverse

health outcomes such as respiratory diseases, asthma,

decrease in lung function, allergic diseases, and sick

building symptoms (Adhikari et al. 2011; Chao et al.

2003; Chen et al. 2011, 2014; Vesper et al. 2013).

In specific occupational environments, workers

have higher chances of exposure to bioaerosols. A

study conducted in Croatia revealed that exposure to

fungi and mites in poultry farms was associated with

respiratory and allergic diseases (Rimac et al. 2010).

Similar results were reported by a study in Taiwan that

discovered that exposure to high fungal levels in

mushroom and vegetable farms was significantly

associated with decline in lung function among

workers (Tarigan et al. 2017). Adverse health out-

comes from bioaerosol exposure have also been

observed in office environments. A US study con-

ducted in Boston, Massachusetts, demonstrated a

positive association between fungal exposure and

work-related symptoms, such as upper respiratory and

non-specific symptoms (Chao et al. 2003).

In laboratories, especially those specializing in

biological work, workers have a relatively high chance

of being exposed to bioaerosols. The substances they

are expose to include bioaerosols, which may be

introduced from outdoors or a contaminated ventila-

tion system, and from handling biological samples

(Hwang et al. 2013, 2017). In addition to creating

adverse health outcomes, these agents can contami-

nate work performed in the laboratory. Poor indoor air

quality (IAQ) (e.g., low ventilation rate, high humid-

ity, and high temperature) can facilitate the growth of

microorganisms (Alves et al. 2016; Balasubramanian

et al. 2012; Knudsen et al. 2017). Furthermore, human

activity can promote the release and resuspension of

these bioaerosols (Adams et al. 2013; Heo et al. 2017).

In this study, we investigated the distributions and

characteristics of bioaerosols and IAQ in laboratories

in the Bangkok metropolitan area in Thailand. The

indoor air parameters and characteristics that may

influence bioaerosol concentrations were recorded,

and the associations between these parameters were

evaluated.

2 Materials and methods

2.1 Study design

This cross-sectional study was conducted during July

and August 2017. Duplicate air samples were col-

lected from university and research institute laborato-

ries. Outdoor air samples were also collected as a

reference. The IAQ parameters and laboratory char-

acteristics were recorded concurrently. The associa-

tions between bioaerosol levels and IAQ parameters

were examined.

2.2 Bioaerosol sampling

2.2.1 Culturable fungi and bacteria

The sampling was performed during the regular

practice of each laboratory on a weekday. Sampler

was placed on the laboratory bench in the middle of

each laboratory. Duplicate air samples were collected

from each laboratory using an SKC BioStage impactor

for viable fungi and bacteria connected to an air

suction pump SKC QuickTake 30 (SKC Inc., PA,

USA) with a flow rate of 28.3 L/min for 2 min.

Culturable bacteria were collected on Typtic Soy Agar

(TSA) and incubated at 30 �C for 48 h. Each colony

was counted, and the concentration was reported as

colony-forming units per air volume sampled (CFU/

m3). Culturable fungi were collected on Malt Extract

Agar (MEA) and incubated at room temperature for

72 h. The colonies were counted and also reported as

CFU/m3. Fungal colonies were subsequently identi-

fied to the level possible by a light microscope

(generally to the genus level) based on their morpho-

logical characteristics.

2.2.2 Fungal spores

Fungal spores were collected using a VersaTrap spore

trap cassette (SKC Inc., PA, USA) connected with an

SKC QuickTake 30 with a flow rate of 15 L/min and

sampled for 15 min. Samples were stained using

phenol–safranin–glycerin jelly, covered with a cover

glass, and sealed with clear nail polish (Rogers and

Muilenberg 2001). Spores were counted and identified

based on their morphological characteristics following

the guidelines of the American Academy of Allergy,

Asthma and Immunology (Lin et al. 2004; Muilenberg
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1999; Smith 2000). The concentration was reported as

spores/m3.

2.3 Indoor air parameters

Indoor air parameters were monitored for 30 min in

each laboratory concurrently with bioaerosol sam-

pling. Temperature (�C) and relative humidity (RH,

%) were monitored using the Air Quality Monitor

TES-5322 (TES Electrical Electronic Corp., Taipei,

Taiwan). PM with the aerodynamic B 10 and B 2.5

lm (PM10 and PM2.5) was monitored using the

DustTrak DRX Aerosol Monitor 8533 (TSI Inc.,

MN, USA).

2.4 Laboratory characteristics

During the air sampling, personnel in each laboratory

were interviewed on laboratory characteristics. Ques-

tions included the types of experiments conducted

(e.g., biology, chemistry, microbiology), visible mold

on the ceiling or walls, number of years the laboratory

had been in operation, the number of staff, the number

of waste collection bins (both general and biohazard

waste), the number of refrigerators and freezers, and

the type of ventilation.

2.5 Data analysis

The difference between indoor and outdoor bioaerosol

concentrations was tested using the Mann–Whitney U

test. Spearman’s correlation coefficient was used to

determine the correlations between bioaerosols and

IAQ parameters. Univariate regression analysis was

used to investigate the association between bioaer-

osols and each parameter. The parameter with a

p value B 0.2 was chosen for further multivariate

analysis. A multiple regression model for each

bioaerosol taxon was built using general linear model

(PROC GLM) in SAS version 9.2 (SAS Institute,

Cary, NC, USA). The final regression models included

only the variables with p\ 0.05. To approximate the

normality of bioaerosol distribution, the bioaerosol

concentrations were log 10-transformed before the

regression analyses.

3 Results

Bioaerosols were collected from 15 laboratories at

three universities and one research institute. Most of

the laboratories were involved in biological and

chemical work and had been operating for 3 months

to 20 years. Most biological-related laboratories are

Class I laboratories equipped with biological safety

cabinet Class II, except laboratory No. D3 which is a

Class II laboratory. The chemistry laboratories are

Class I equipped with chemical fume hood and no

biological sample handling. Only trained personnel

were present in the laboratories. General information

of each laboratory is presented in Table 1. Bioaerosol

concentrations are listed in Table 2. The average

concentrations (mean ± SD) of culturable bacteria,

culturable fungi, and fungal spores in the laboratories

were 87.0 ± 97.8 CFU/m3, 294.9 ± 376.1 CFU/m3,

and 771.8 ± 545.3 spores/m3, respectively. Mann–

Whitney U test results indicated that the concentra-

tions of indoor bioaerosols were lower than those of

outdoor bioaerosols (p\ 0.05). The distributions of

bioaerosols are illustrated in Fig. 1.

Aspergillus/Penicillium spores were the most abun-

dant fungal spore taxa in the laboratories (40.62%),

followed by Cladosporium (30%) and ascospores

(17%). In outdoor environment, by contrast, ascos-

pores were the most abundant taxon (30.4%). The

percentages of each fungal spore taxon recovered from

the air samples both indoors and outdoors are

illustrated in Fig. 2. Cladosporium, Aspergillus, and

Penicillium were also the most abundant taxa in the

culture-based method. However, the concentrations

were lower than those of non-sporulating fungi that

could not be identified based on morphology (Fig. 3).

The levels of fungal spores and culturable fungi

between biological and chemical laboratories were not

significantly different. However, we observed slightly

higher concentrations of Cladosporium spp. in micro-

biology laboratories compared to others (data not

shown). The most prevalent fungal taxa were compa-

rable in biological and chemical laboratories.

Temperature in all laboratories was relatively

constant at approximately 24–25 �C, but PM10,

PM2.5, and RH varied among laboratories (Table 3).

Spearman’s correlation coefficient revealed that

indoor culturable fungi and fungal spores were both

significantly associated with PM10 with r = 0.582 and
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0.565, respectively, whereas other IAQ parameters

were not correlated (Table 4).

Table 5 shows the associations between bioaero-

sols and other variables through multiple regression

analysis. After adjustment for the number of operating

years, the results indicated that concentrations of

bioaerosols were associated with laboratory charac-

teristics rather than environmental parameters. The

number of staff and visible mold was positively

associated with culturable fungi, whereas the number

of - 80 �C freezers and general trash bins was

associated with culturable bacteria. Additionally, the

fungal spore level was correlated with the concentra-

tion of culturable fungi and evidence of water leaks.

The coefficients of determination (R2) were 0.72, 0.56,

and 0.93 for culturable fungi, culturable bacteria, and

fungal spores, respectively.

4 Discussion

Contamination in the laboratories affects both occu-

pants’ health and experimental results. Our study used

air impactors to investigate levels of bioaerosols in

laboratories in the Bangkok metropolitan area and

demonstrated that the concentrations were associated

with laboratory characteristics rather than the envi-

ronmental parameters.

The bioaerosol concentrations varied among the

sampling sites. The mean concentrations of culturable

fungi and bacteria levels were 294.9 ± 376.1 CFU/

m3 and 87.0 ± 97.8 CFU/m3, respectively. Compared

with studies conducted in Korea that collected air

samples from various types of laboratories, our results

revealed lower concentrations of airborne culturable

bacteria, but higher concentrations of culturable fungi

(Hwang et al. 2013; 2018; Hwang et al. 2011b; Hwang

et al. 2017). These differences were potentially caused

by the main activities of the sampling sites, because

the Korean studies investigated animal laboratories

(i.e., mice and rabbits) and biowaste sites which

usually contain more waste and release more microor-

ganisms into the air. Studies in Thailand (Luksami-

jarulkul et al. 2014) and France (Sautour et al. 2009)

that collected air samples in the clinical laboratories

reported lower airborne bacterial and higher fungal

concentrations that resembled the findings of our

study. Although their bacterial concentrations were

higher than those observed in our study, they were still

relatively low because most clinical laboratories

regularly disinfect their facilities.

The concentrations in the laboratories we studied

were noticeably lower than those in most IAQ studies

that sampled bioaerosol levels in residences and other

public spaces in various regions (Basilico et al. 2007;

Hsu et al. 2011, 2012; Salonen et al. 2015). This

difference is clearly the result of the human activities

and space management that influence the growth and

resuspension of bioaerosols (Heo et al. 2017; Wu et al.

2005). Laboratories are designed for specific purposes,

and only laboratory personnel are allowed to enter.

Therefore, major bioaerosol contributors are limited to

a few potential sources, such as the handling samples,

improper laboratory practices, and poor IAQ manage-

ment. In this study, the concentrations of bioaerosols

observed indoors were significantly lower than those

observed outdoors in similar studies (Adams et al.

2013; Codina et al. 2008; Haas et al. 2014; Jara et al.

2017). This finding was expected, because the outdoor

environment teems with various bioaerosol sources,

and no major biological contamination was observed

at our sampling sites. However, low outdoor

Table 2 Concentrations of bioaerosols in laboratories and outdoors

Bioaerosols Concentrations [mean ± SD (range)]a

n Indoor n Outdoor

Culturable bacteria (CFU/m3) 30 87.04 ± 97.83 (16.67–455.83) 7 251.49 ± 352.05 (50.18–1045.94)

Culturable fungi (CFU/m3) 30 294.93 ± 376.10 (ND–2081.27) 7 662.85 ± 300.78 (175.27–1038.87)

Fungal spores (spores/m3) 15 771.79 ± 545.33 (123.26–1953.19) 5 3544.18 ± 1739.18 (1981.63–6172.44)

ND non-detected

p\ 0.05
aMann–Whitney U test
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concentrations may be observed during the winter

months when the ambient temperature is much lower

than that of the indoor (Sautour et al. 2009).

Various fungal spore taxa were observed in labo-

ratory environments in this study. These taxa are

commonly observed in normal indoor environments

Bioaerosol concentrations
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Fig. 1 Distributions of bioaerosols in laboratories compared with outdoors
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where no water damage is reported (Codina et al.

2008; Gonçalves et al. 2010). Aspergillus/Penicillium,

Cladosporium, and ascospores were the most abun-

dant taxa recovered in every sample with large

proportions. Unlike studies in the USA and Europe

that discovered Alternaria as the most prevalent

fungal taxon both indoors and outdoors (Aira et al.

2013; Fernández-Rodrı́guez et al. 2014; O’Connor

et al. 2014; Sabariego et al. 2000; Tang 2009),

Alternaria accounted for only 0.16% and 0.24% of

indoor and outdoor samples, respectively, in our study.

Similar to outdoor air samples, Aspergillus/Penicil-

lium, Cladosporium, and ascospores were the most

dominant taxa, but with different proportions. Ascos-

pores were the most abundant taxon outdoors, fol-

lowed by Aspergillus/Penicillium and Cladosporium.

Alternaria
0.16%Ascospores

16.95%

Asper/Penici
40.62%

Basidiospores
6.63%

Cercospora
0.16%

Cladosporium
29.98%

Curvularia
0.16%

Fusarium
1.31%

Nigrospora
0.66%

Pithomyces
0.16%

Smuts
0.08%

Other
1.97%

Unident
1.15%

Other
12.45%

a

Alternaria
0.24%

Ascospores
30.36%

Asper/Penici
22.50%

Arthrinium
0.27%

Basidiospores
14.63%

Botry�s
0.16%

Cercospora
0.32%

Cladosporium
21.19%

Curvularia
0.72%

Fusarium
2.06%

Nigrospora
1.63%

Periconia
0.80%

Peronospora
0.05%

Pithomyces
0.45%

Polythrincium
0.16% Rusts

0.05%

Smuts
0.51% Torula

0.32%

Other
3.48%

Unident
0.08%

Other
11.32%

b

Fig. 2 Percentage of fungal spore taxa recovered from air samples: indoor (a) and outdoor (b)
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Additionally, we observed a higher proportion of

basidiospores (14.6%) in the outdoor samples with

more diverse fungal taxa compared to indoor samples.

This probably resulted from the more diverse sources

of fungi and factors related to the release of spores

outdoors, leading to greater fungal diversity (Fernán-

dez-Rodrı́guez et al. 2015; Lymperopoulou et al.

2016; Rathnayake et al. 2017; Sadys et al. 2014).

Fungal diversity varies seasonally, and in winter it

may become greater indoors than outdoors. However,

in Bangkok, outdoor temperatures are higher than

indoor temperatures year-round. Hence, this finding

may be observed consistently throughout the year

(Adams et al. 2013). These fungal spores reflected the

observed genera of culturable fungi, because we also

noted Cladosporium and non-sporulating fungi most

frequently in our samples. These non-sporulating

fungi are probably ascomycetes, which usually not

produce spores on MEA medium. However, the

proportions of the Aspergillus spp. and Penicillium

spp. in culturable samples were still lower compared

to those observed in spore counts. This discrepancy is

probably because a large proportion of Aspergillus

spp. and Penicillium spp. are no longer viable and

Non-spore
54.1%

Cladosporium 
27.0%

Penicillium
5.0%

Yeast
4.5%

Geotricum
3.4%

Aspergillus
2.8%

Fusarium
1.0%

Chrysosporium
0.7% Curvularia

0.3%
Paecelomyces

0.3%
Trichoderma

0.3%

Ver�cillium
0.3%

Botytris 
0.1%

Conidiobolus 
0.1%

Unknown
0.1%

a

Non-spore
50.9%

Cladosporium 
11.5%

Trichoderma
10.7%

Aspergillus
7.7%

Penicillium
7.2%

Curvularia
3.2%

Geotricum
3.2%

Fusarium
2.2%

Yeast
2.0%

Monilia
0.5%

Perenospora
0.2%

b

Fig. 3 Percentage of

culturable fungi recovered

from air samples: indoor

(a) and outdoor (b)
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cannot grow on the culture media. Also a number of

other fungal genera which have similar spore mor-

phological characteristics may be identified as Asper-

gillus/Penicillium on spore count samples. It might

also in part result from the different sampling flow

rates and sampling time for the two samplers, i.e.,

BioStage and VersaTrap, which could affect the cut

off size of fungal spores and fragments, as well as

different exposure time. Therefore, the proportions of

this group of fungal spores and culturable fungi were

discordant.

Our study investigated the correlations between

indoor bioaerosols and other environmental parame-

ters (outdoor bioaerosols, temperature, RH, and PM)

and initially hypothesized that indoor bioaerosols

would be accompanied by outdoor bioaerosols, as in

other studies (Gonçalves et al. 2010; Hargreaves et al.

2003; Rajasekar and Balasubramanian 2011). How-

ever, according to the Spearman’s correlation analy-

ses, only PM10 was significantly correlated with fungal

spores (r = 0.582, p\ 0.05). This correlation was not

observed in PM2.5, though PM2.5 is a constituent of

PM10. Temperature and RH were initially expected to

significantly correlate with indoor bioaerosols, but no

correlation was observed in our study. This potentially

resulted from most laboratories keeping their indoor

temperature at approximately 25 �C throughout the

day. Therefore, no correlation with temperature was

observed.

We further investigated the associations between

bioaerosols and other variables by using multiple

regressions. We hypothesized that older laboratories

should exhibit higher concentrations of bioaerosols.

Therefore, we adjusted the age of the laboratory in the

final model to avoid this effect and focused on the

effects of other variables. After adjustment, the

laboratory characteristics remained significant in the

final models. The number of staff and visible molds

was significantly associated with culturable fungi. The

number of occupants and their activities has been

proved to influence bioaerosol levels, especially

airborne bacteria (Adams et al. 2014; Heo et al.

2017). Visible mold is likewise a critical factor

associated with indoor fungal levels and their com-

munity (Crawford et al. 2015; Rosenbaum et al. 2010;

Sordillo et al. 2010). Visible molds at home are

reportedly associated with childhood asthma (Chen

et al. 2014; Hwang et al. 2011a; Seo et al. 2014;

Vesper et al. 2013). In this study, the ventilation type

might also play an important role in bioaerosol levels.

However, we did not observe a significant correlation

between the ventilation type and bioaerosol levels

(data not shown). This is probably because most

laboratories (13 out of 15) in our study had the same

Table 3 Distributions of IAQ parameters for each laboratory (mean ± SD)

Location Laboratory PM10 (lg/m3) PM2.5 (lg/m3) Temp (�c) RH (%)

A A1 9.12 ± 2.87 8.70 ± 2.56 22.04 ± 0.27 72.62 ± 1.43

A2 12.65 ± 4.97 10.42 ± 4.53 24.91 ± 0.13 67.89 ± 0.78

A3 14.12 ± 4.76 12.11 ± 3.57 24.18 ± 0.10 65.86 ± 1.02

A4 11.57 ± 2.33 10.81 ± 1.52 23.72 ± 0.17 70.5 ± 0.67

A5 45.29 ± 2.63 44.41 ± 2.22 25.05 ± 0.06 54.62 ± 0.55

A6 28.27 ± 2.87 27.33 ± 2.32 21.86 ± 0.27 72.23 ± 1.99

A7 45.50 ± 3.21 44.27 ± 2.67 24.34 ± 0.23 68.74 ± 0.59

B B1 20.03 ± 4.50 18.65 ± 4.18 23.42 ± 0.14 54.33 ± 0.84

B2 15.21 ± 2.90 13.73 ± 2.32 26.37 ± 0.92 55.19 ± 3.21

B3 11.34 ± 1.43 10.76 ± 1.00 21.54 ± 0.64 51.79 ± 0.90

B4 16.67 ± 4.44 15.83 ± 4.27 21.87 ± 0.63 45.75 ± 0.79

C C1 11.7 ± 2.20 11.21 ± 2.02 25.55 ± 0.11 54.48 ± 1.59

D D1 0.57 ± 2.15 0.46 ± 2.06 23.26 ± 0.28 58.06 ± 0.91

D2 4.51 ± 2.80 4.20 ± 2.33 25.27 ± 0.08 61.06 ± 1.66

D3 0.29 ± 0.85 0.19 ± 0.71 NDa ND

aND not available due to missing data
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ventilation type (split type AC), while the other two

types had only one laboratory each. The impact of

ventilation types should be further evaluated with

more sampling sites.

Water leaks can increase the moisture in the air,

supporting the growth of fungi in the area of the leak.

Fungi can release spores into the environment after

absorbing the moisture as well as through air distur-

bance (Burge and Rogers 2000), resulting in a high

concentration of spores in the air. However, in our

regression model, we did not observe an association

between RH and fungal spores. This is probably

because the amount of leaked water was sufficient to

increase humidity only in the area of the leak, not in

the whole laboratory. In the multiple regression

model, the fungal spore level was also determined

by the culturable fungal level. Because culturable

fungi are a subgroup of total airborne fungal spores,

identifying the level of this subgroup can determine

the total airborne spores in this environment.

In the case of culturable bacteria, we expected a

positive association with the number of staff, as

described previously by Heo et al. (2017), but this was

not observed in our final regression model. The

numbers of - 80 �C freezers and general trash bins

in the laboratory were the major predictors of cultur-

able bacteria in this study. These variables reflect the

main characteristic of the laboratory, such as the type

of experiments, sample storage and handling, and

waste collection. These processes may aerosolize

bacterial particles, resulting in a high concentration of

bacteria. However, the R2 of the model is only 56%. It

is likely that other variables that influence bacterial

levels were not measured in our study (Adams et al.

2014; Balasubramanian et al. 2012; Hwang et al.

2018). In this part of analysis, we did not further

analyze bacterial genera because of limited resources.

Detailed bacterial categories may be able to better

explain the sources in laboratories.

In this study, we investigated bioaerosol concentra-

tions in laboratories using both culture- and non-culture-

based methods. The use of both methods improved our

understanding of bioaerosol distributions and character-

istics. Because the laboratories were engaged in work,

we could not sample for more than 30 min at each

location. In addition, we sampled at only a relatively

small proportion of laboratories in the Bangkok area.

However, our sampling included a variety of types of

laboratories, and our sampling sites were dispersed

throughout the Bangkok area and in the threemajor types

of city environments: a downtown with high-rise

buildings, an urban area with parks, and suburb near

major expressways. This should minimize potential bias

regarding the spatial variation in bioaerosols.

5 Conclusions

We conducted a cross-sectional study to investigate

bioaerosol levels in laboratories in Bangkok,

Table 5 Multiple regression models for indoor bioaerosols in laboratories

Variablea b Coeff. SE p value R2

Culturable fungi

Intercept 2.1471 0.1747 \ 0.0001 0.72

Number of staff 0.0858 0.0379 0.0449

Visible moldb 0.5247 0.1961 0.0216

Culturable bacteria

Intercept 1.5121 0.1443 \ 0.0001 0.56

Number of - 80 �C freezers 0.7238 0.2075 0.0051

Number of trash bins 0.1087 0.0479 0.0443

Fungal spores

Intercept 2.8396 0.0599 \ 0.0001 0.93

Culturable fungi 0.0005 0.0001 0.0004

Water leakb 0.1965 0.0663 0.0129

aAll models were adjusted for the number of operating years
bCategorical variables, compared with no visible mold and no water leaks

123

Aerobiologia (2019) 35:1–14 11



Thailand. Laboratory characteristics (i.e., visible

mold; water leak; and the numbers of occupants,

freezers, and trash bins) were the main predictors in

our study. Average bioaerosol concentrations were

lower than the maxima specified in standards and

guidelines implemented in many other countries

(Balasubramanian et al. 2012; IAQ Information Cen-

tre 2003; Heo et al. 2017; Maryam et al. 2015).

Although no guidelines for bioaerosol concentrations

have been implemented in Thailand, the baseline data

gathered by this study will assist in the proper

management of IAQ. Periodic inspections are encour-

aged to keep the laboratories free of major contam-

ination. Additionally, temperature, humidity, and

proper ventilation controls are essential for reducing

bioaerosol concentrations, although these variables

were not significant in our regression analyses. Proper

management will help reduce contamination during

experiment, reduce occupants’ exposure, and avoid

adverse health outcomes.
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