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Abstract

This research was a survey study with the objective to survey the types of airborne fungi and bacteria in 5
microbiology laboratories, Faculty of Science, Ubon Ratchathani University, and compare the concentrations of
microorganisms before and after classes. The concentrations of fungi and bacteria were measured using a Single
Stage Impactor following the NIOSH Manual of Analytical Methods 0800: Bioaerosols Sampling. The identification
of fungi and bacteria was performed by analyzing the nucleotide sequences of fungal ITS regions and bacterial
16S rDNA regions, respectively. The results revealed that airborne microbial concentrations of all laboratories did
not exceed the monitoring value according to the Notification of the Department of Health regarding Indoor Air
Quality Monitoring Standards in Public Building B.E. 2565. The results of the survey and identification of airborne
fungi and bacteria in all microbiology laboratories demonstrated that the most predominant fungi were those of
the genus Cladosporium, including Cladosporium tenuissimum, Cladosporium sp. and Cladosporium colombiae,
as well as Aspergillus sp. and Trichoderma sp. while the most predominant bacteria were Bacillus megaterium,

Paenibacillus illinoisensis and Curtobacterium luteum.

Keywords: Airborne fungi, Airborne bacteria, Microbiology laboratory
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Table 1 The environmental parameters in microbiology laboratories, Ubon Ratchathani University

Environmental parameters

Sampling Cooling Ventilation Number of Cleanliness of
location system system laboratory users laboratory
CBL 1201 Ceiling fan Exhaust fan 14 Clean

CBL 1202 Ceiling fan Exhaust fan 10 Clean

CBL 1203 Ceiling fan Exhaust fan 57 Clean

CBL 1301 Ceiling fan Exhaust fan a4 Clean

CBL 1302 Air conditioner Exhaust fan 7 Clean

Table 2 Airborne fungal and bacterial concentrations in microbiology laboratories

Airborne fungal concentration

Airborne bacteria concentration

Sampling
(CFU/m?) (CFU/m?)
location
Before class After class Before class After class
Indoor Outdoor Indoor Outdoor Indoor Outdoor  Indoor Outdoor

CBL 1201 172.75 497.64 120.73 285.63 127.60 38.30 37.30 20.61
CBL 1202  416.18 497.64 33373 285.63 89.32 38.30 32.40 20.61
CBL 1203  441.70 497.64 381.82 285.63 51.04 38.30 189.44 20.61
CBL 1301 476.05 382.80 365.14 297.41 87.36 85.40 96.20 20.61
CBL 1302 201.22 382.80 174.72 297.41 84.41 85.40 149.20 20.61
Mean 341.58 451.70 275.23 290.34 87.95 57.14 100.91 20.61
Max 476.05 497.64 381.82 297.41 127.60 85.40 189.44 20.61
Min 172.75 382.80 120.73 285.63 51.04 38.30 32.40 20.61
SD 143.07 62.90 119.21 6.45 27.15 25.80 68.80 0.00

& a 1 o a va | '
LSU’eJiTWWU‘UE]EJI‘lJ‘ME]ﬂﬂgUmﬂﬁiu%NL’m’lﬂ@u
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Table 3 Airborne fungi found in microbiology laboratories

Location

Before class

After class

Fungal colony on MEA (a) and
Cell morphology under light
microscope at 400X

magnification (b)

The most
predominant
airborne fungi

in laboratory

Fungal colony on MEA (a) and
Cell morphology under light
microscope at 400X

magnification (b)

The most
predominant
airborne fungi

in laboratory

CBL 1201

Cladosporium

tenuissimum

Cladosporium

tenuissimum

CBL 1202

Unknown fungi
(Similar to

Aspergillus sp.)

Aspergillus sp.

b
a. b
b

CBL 1302

Cladosporium sp.

CBL 1203 Cladosporium Cladosporium
tenuissimum : tenuissimum
CBL 1301 Trichoderma sp. Cladosporium
colombiae

b
b

Aspergillus sp.

46
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Table 4 Airborne bacteria found in microbiology laboratories

Location Before class After class
Bacterial colony on TSA (a) The most Bacterial colony on TSA (a) The most
and Cell morphology under predominant and Cell morphology under predominant
light microscope at 1,000X airborne light microscope at 1,000X airborne
magnification (b) bacteria in magnification (b) bacteria in
laboratory laboratory
CBL 1201 R Bacillus Bacillus
: t. . megaterium megaterium
b.
CBL 1202 N Bacillus Bacillus
. megaterium megaterium
b.
CBL 1203 \ Paenibacillus Curtobacterium
. illinoisensis luteum
b.
CBL 1301 Unknown Bacillus
bacteria megaterium
(Gram positive
b, bacilli)
CBL 1302 Unknown Bacillus
\ . bacteria megaterium
(Gram positive
N b. cocci)

a7
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Table 5 Indoor airborne fungi and bacteria previously reported and presented in this study

Sampling Location Airborne fungi Airborne bacteria Reference
University laboratories Aspergillus sp., Staphylococcus sp., [10]
(Medical science laboratories) Penicilium sp. Bacillus sp.
in Thailand
University laboratories Penicillium spp., Micrococcus spp., [2]
(Microbiology, Chemistry, Curvularia spp., Bacillus spp.,
Hematology, Immunology) Rhizopus spp., Gram negative bacilli
in Thailand Cladosporium spp.
University laboratories Aspergillus sp., Bacillus sp. [11]
(Food technology, Food Penicillium sp, Staphylococcus sp.
microbiology, Food analysis, Cladosporium sp.,
Biology, Environmental science Curvularia sp.
and Environmental chemistry)
in Thailand
University laboratories Penicillium sp. Bacillus sp, [12]
(Biology, Chemistry, Biochemistry, Aspersgillus sp., Staphylococcus aureus,
Physic, Food microbiology, Curvularia sp., Gram negative bacilli
Physiology and Anatomy) Cladosporium sp.
in Thailand
University laboratories Cladosporium sp. Bacillus megaterium, In this
(Microbiology laboratories) Cladosporium Paenibacillus present
in Thailand tenuissimum, illinoisensis, study
Cladosporium colombiae, Curtobacterium luteum

Aspersgillus sp.,

Trichoderma sp.
College campus Cladosporium, Aspergillus, - [13]
(Classroom, Washroom, Canteen, Penicillium, Rhizopus,
Library, Environmental lab, Fusarium, Mucor, Alternaria
Seminar hall) in India (Indoor and outdoor)
Hospital Aspergillus, - [14]
(Critical hospital areas) Penicillium,

Cladosporium,

Fusarium,

Yeast (Candida)

Hospital - Staphylococcus sp., [15]

(Examining wards)

in Thailand

Corynebacterium sp.,

Streptococcus sp.
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4.2. madrsrnviadesluamanssfiinns
a%21INen
msdmriadesiinuesluosjiRnnsnou
BuiFou wuih Wesfinuvesiiaaluudasiesuftinis
A® Cladosporium tenuissimum, unknown fungi (AA18AE 4
fudosluda Asperaillus sp.), Trichoderma sp. wae
Cladosporium sp. (Table 3)
msdmuiaveatoniinutetluiosjiing
ndudnideu nud Wesiinuuesiigalunrasiies
U UAn"s fle Cladosporium tenuissimum, Aspersillus sp.
wag Cladosporium colombiae (Table 3)
MnEansdTakazn1sszysiadeluaine
HoaUiRn159aT7inen MathsnanieuiuSeunasvds
dnisuluiesufofnisite 5 Wos nut elnveadesiil
wutesiignainesufiinsiivun fe Wosluiva
Cladosporium Faflata Cladosporium tenuissimum ii
‘WU‘U'EJEJ‘ViEjﬂ wagfany Cladosporium colombiae Way
Cladosporium sp. 599891179 Fesluda Aspersgillus
sp., Trichoderma sp. Wag unknown fungi (AAEARIAU
Fosludta Aspergillus sp.) fauandlu Table 3
Wos1luida Cladosporium nuldalumalan
aansanukazAnuenlianfuLardunieingre q uay
Dudesiinulivesluenia [16] Weswiadnae
adddudeslunguidulalid (Endophytes) F197de
ogfluiiloifoiivlaglivhlyfinuansennisvedisn anunsn
feliAnlsaluiiy neliAnlsaluay wazansaluusdn
Tudosrwiaduld vismetuganunsoldlunsmunulsn
fumnaT93518 wasiosludaildianunsoateansid
AudAynsnisunnduazddnenimlunisiluans
Fafasilunismuaulsadinlddndae [16] uenaniides
Tudtatiudeninulsluuasnulfiduunivsnnely
LAENIYUDNDIATT LLaxmmiﬂL%%@Lauimléfuuﬁyuﬁa
fregluannzuindeniifiaudu [17] seewiderou
U589 C. cladosporioides wag C. tenuissimum
dudesanngiliiinlsais 1wy anseduess lu

Usenanug [18]

a

Wosluia Aspersillus wulamluludsndou
wiu Ay wndiy waasyii wazviwihiluidesaansy

Washudvatausanelminlsaluaule Tneurealdd

wuindugadnaieleniale wu Aspersillus fumigatus
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annsaneliiAnlsalunuiiigfiduiuunnies lngaues
voudaidoiingsruumadumelavesauaunsaviliian
ansiiuniuguiuung 9 la warlsninide Aspereillus 71
Uaala (Pulmonary aspergillosis) [19]

\esluiifa Trichoderma \Wuidesiwuldiily
Tufu Suduvesiiy wndis wagdulsl 20 Fadesly
atannsonulfluiuiififianne gionimuuudng q
vialan Tnsuvidsiiegendvveatonviail Ao Aunarlifi
wintlow 1201 iWes1luita Trichoderma waneaddd
aunsatunlglunsedunisnsyvesity wazaiunsoi
eswinillusvndldldlunisldifuanstasusiluns
Hostulsafiefifianvmandesild uenaniifosuiing
Faanunsanluuszendldluduanainnssy 1wy n1andn
wulesl nsndneUiTiuy uasioimdmnedanld u
wivesnsneliiaalsn Bermiailuusmeiugidugatn
melendlunisnelsaluauiifinneiduiuunnsosld
wagnsvuideuveadonwiailunismiziioafiaas
dwaronandnuosnisimedeaiiold (21]

Foniinudesiigalunisnuadsi fe 1Woa
Cladosporium sp. Wag L%@ﬂ Aspergillus sp. Fafiny
AoAAdDIUTIBIUNIINTIINULT DT TsAR T ATy
omavesiufinislusidunouniii (9], [10] y2ats
namsanuidesie 2 viadlueniaislusazuentios

fng 9 TuvedevesussmeduLis [11]

4.3. MmsdrsravdadeuuaiiFeluiniaas
Ufun139a323nen

R]’lﬂwaﬂ’liﬁ’li]‘\]LLa%ﬂﬁﬁzu‘UﬁmJ@ﬂL%@LL“U@T?]L%“EJ
Tuemaresufofiniseataine ftasnaieuduiou
wazudnaniFouluiesufdinists 5 wes wuin e
wuafii3efinulesiian Ae WouuaiiFeludita Bacillus
Fadu Bacillus megaterium druuuafiiedy q finuly
WeosUuRns lauwn Curtobacterium luteum, Paenibacillus
illinoisensis, wag unknown bacteria fauandlu Table 4

wuafiseludda Bacillus WunuailiFounsuuan
a¥1saved JUT1aue annsonuluannnzuindouillsl
wnzanldl 1wy gaumniigs pH e antizuii uazluany
a1 WU wenanisanudn Bacillus spp.
Auaudilnslulefindneie dau Bacillus megaterium

wulamilvluunasiiegendeiunneneiu W fiu dmeia
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Y1917 1R war thuy Wudu [22]
wuaiiiseludda Curtobacterium @1unsafAnLen

s

Iganfianeviln uazwuldludauinden uisaneiug
roliAnlsaluiiy uenanidmulunznouiuweils [23]
warilsrsaiunisnunisinideluruvewuaiiGesind
UalTd 19U Curtobacterium flaccumfaciens [24]

wuaiseluiva Paenibacillus \Wuuuaiiise
wNsUUIN n308194u Gram variable figusigusis a5
aUes warlanuneanu191nIvd Bacillus lngandunis
AATIEREIAUATHUGNTTUVDIBY 165 DNA wuadiise
Paenibacillus @1u1safawenldaniy tunde waz
pENaUAY [25]

HowuaiiSefinutesiignlunisfinwi fe 1o
wuaitiSeludta Bacillus Fadudeuvaiideiinsianuls
lueniarieslfuRnisnatewiaInseaunsifuneu

Wil (71010 fawansly Table 5

5. unasy

MnuamafiusogauuaiiGeuandeslueoinie
TuriesufiRnsgadainet fanunsuau 5 sos lumise
CFU/m? Wiguieuiuaninselesnanimenianigly
91IANSASITUY WA, 2565 WUt Ynanderuasite
wupfiselunnesliiuaiseda warainnan1sd1sns
Lazn1ssryinlesiuazouuailiielueinia
#eafuRn199aTainen wud Wesiinulesiian fo
L‘?}Iaiﬂuaﬂ'a Cladosporium %éﬁﬁﬁgd Cladosporium
tenuissimum ﬁwuﬁayﬁqm wazflawu Cladosporium sp.
wag Cladosporium colombiae 5892331 g ﬁ?aﬁ
Aspergillus sp., Trichoderma sp. Wag unknown fungi
dudouvafiGefinulesiian fo Weuuaiiideludifa
Bacillus a8y Bacillus megaterium drunuaiiFedu 9
ﬁwuiuﬁaﬂ‘dﬁﬁami Ao Paenibacillus illinoisensis,
Curtobacterium luteum &g unknown Gram positive
bacilli

ndayafiugrufeafuanmwndeuuazianss
aeluiesjuanig arnsaduniauiwuIniansly
e fuRnnslivaonfeeiu Tnsiawizedradanisan
Usinagdunidlueinia Jadutadedidyfidenase

Ej?lﬂ"lW‘UENHﬂﬁ’]ﬂiLLﬁSﬁﬂﬁﬂ‘U’] UDNINNNITATNUA
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wnsnslunisdanisiesufiiinig wu n1sillanasn LV
Fniay 1 afaud msfinpsniadiudu doll

- findssruussuneeiniaiiiussansanile
viudsuemanigluesufifinisedisasinane

- MyuanINNIIANNEreaviasUfiRin1seg
aiaue Inglianmhanuavenniifusyavsnmlunissi
L%aagauw%'é wazitumsvhe ey uaUo

- muqummﬁLLazmm%umaluﬁ’aa"dg‘jﬁami
Timnyan Wedufimaniauiulnvesqaurse

- fmuakuI s fURRTaudmIUYaaIn g
UfdRauluiesddinig wu nisawldeunsaidesiu
dunTIgdIuyAna Lagn1sUURMININLLIUURYE S
mnsdasafenistinimesansinin e aruasnsie

vosUuRnuLardwInaou

6. infAinssuUsEN A

AT dldunuganyunisideainyuide
an1uUseUauUssann 2566 WATYDUBUANAIAIY
INEIANEATTININ A EINYIANEAT UN1INYIRY

guaswsnll Minueweszilunisiivdoyaive

7. References

[1]  Hwang, S.H. 2017. Main environmental factors
affecting concentrations of Cultivable airborne
bacteria in indoor laboratories over a period of
one year. Applied Ecology and Environmental
Research. 15(1): 321-333.

[2] Muangsue, N. and Amimanan, P. 2018. Determination
of airborne bacteria and fungi in the laboratories of
a university. Naresuan Phayao Journal. 11(2), 52-55.

[3] Bukar, AM. and et al. 2017. Bacteriological quality
assessment of indoor air of science laboratories in
Ramat Polytechnic, Maiduguri Bomo State. Greener
Journal of Microbiology and Antimicrobials.
3(2): 18-21.

[4] Ikon, G.M. and et al. 2022. Microbial assessment of
indoor air quality of laboratory sections in Obong
University, Obong Ntak, Nigeria. International

Journal of Research and Review. 9(11): 345-355.



a

NIaTInermansuazmealulad unInedeauasivsidl Un 27 atun 3 weudueieu-sunau 2568

Sheik, G.B. and et al. 2015. Assessment of
bacteria and fungi in air from College of Applied
Medical Sciences (Male) at AD, Dawadmi, Saudi
Arabia. International Research Journal of
Biological Science. 4(9): 2278-3202.

Di Giulio, M. and et al. 2010. Indoor air quality
in university environments. Environmental
Monitoring and Assessment. 170(1): 509-517.
Hizrri, A. and et al. 2015. Indoor microbial
contamination and its relation to physical indoor
air quality characteristics at selected libraries in
Pahang. Jurnal Teknologi. 77(24): 39-44.
Lonon, M.K. 1998. Bioaerosal Sampling (Indoor
Air); Culturable Organisms: Bacteria, Fungi,
Thermophilic Actinomycetes. https://www.cdc.
gov/niosh/docs/2003-154/pdfs/0800.pdf. Accessed
14 September 2024.

National Library of Medicine National Center
for Biotechnology Information. 2024. Sequence
Analysis. https://www.ncbi.nlm.nih.gov/guide/
sequence-analysis/. Accessed 14 August 2024.
Suantubtim, S. and Gamnarai, P. 2020. Exploration
of environmental and airborne microorganisms
in Medical Science laboratory. Thai Science
and Technology Journal. 28(8): 1463-1472. (in
Thai)

Karnjanarong, J., Phlongbanjong, W. and
Hongthong, S. 2023. Monitoring of airborne
microorganisms and environmental of laboratory
rooms, Faculty of Science and Technology,
Rajamangala University of Technology
Rattanakosin. Rattanakosin Journal of
Science and Technology. 5(1), 55-63. (in Thai)
Nimana, J., Charoenrat, S. and Bunyapitaksakul,
W. 2022. Microbial air contamination in laboratory
rooms, Faculty of Science, Payao University.
KKU Science Journal. 42(2): 341-349. (in Thai)
Jabeen, R. and et al. 2023. Bioaerosol assessment
in indoor and outdoor environments: A case

study from India. Scientific Reports. 13: 18066.

51

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Belizario, J.A., Lopes, L.G. and Pires, R.H. 2021.
Fungi in the indoor air of critical hospital areas:
A review. Aerobiologia. 37: 379-394.
Chotigawin, R. and et al. 2020. Assessment of
airborne bacteria concentration and type in
health promoting hospitals. Burapha Journal
of Medicine. 7(1): 47-62. (in Tha)

Salvatore, M.M., Andolfi, A. and Nicoletti, R.
2021. The genus Cladosporium: A rich source
of diverse and bioactive natural compounds.
Molecules. 26(13): 3959.

Sandoval-Denis, M. and et al. 2015. Cladosporium
species recovered from clinical samples in the
United States. Journal of Clinical Microbiology.
53: 2990-3000.

Nam, M.H. and et al. 2015. Cladosporium
cladosporioides and C. tenuissimum cause
blossom blight in strawberry in Korea.
Mycobiology. 43(3): 354-359.

Kousha, M., Tadi, R. and Soubani, A.O. 2011.
Pulmonary aspergillosis: A clinical review.
European Respiratory Review. 20(121): 156-174.
Samuels, G.J. 1996. Trichoderma: A review of
biology and
Mycological Research. 100(8): 923-935.

systematics of the genus.

Solanki, P. and Nallanchakravarthula, S. 2017.
Beneficial and harmful aspects of Trichoderma:
A review. International Journal of Scientific
Research in Science and Technology. 3(6):
569-577.

Hur, A. and et al. 2024. Bacillus megaterium:
Evaluation of chemical nature of metabolites
and their antioxidant and agronomics properties.
International Journal of Molecular Sciences.
25(6): 3235.

Evseev, P. and et al. 2022. Curtobacterium spp.
and Curtobacterium flaccumfaciens: Phylogeny,
genomics-based taxonomy, pathogenicity, and
diagnostics. Current Issues in Molecular Biology.

44(2): 889-927.


https://www.ncbi.nlm.nih.gov/guide/%20sequence-analysis/
https://www.ncbi.nlm.nih.gov/guide/%20sequence-analysis/

a

NIaTInermansuazmealulad unInedeauasivsidl Un 27 atun 3 weudueieu-sunau 2568

[24] Francis, MJ. and et al. 2011. Curtobacterium [25] Saez-Nieto, J.A. and et al. 2017. Paenibacillus
flaccumfaciens septic arthritis following puncture spp. isolated from human and environmental
with a Coxspur Hawthorn thorn. Journal of samples in Spain: Detection of 11 new species.
Clinical Microbiology. 49(7): 2759-2760. New Microbes and New Infections. 19: 19-27.

52



