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Abstract
This research is a survey aiming to investigate the concentrations of airborne microorganisms in 5 microbiology
laboratories, Faculty of Science, Ubon Ratchathani University. The concentrations of microorganisms before and after

classes were compared using the Paired Samples t Test and the relationship between microbial concentrations
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and environmental factors was analyzed using Pearson correlation and Spearman’s rank correlation. Microbial
concentrations were measured using a single-stage impactor following the Manual of Analytical Methods 0800 :
Bicaerosols Sampling of the National Institute for Occupational Safety and Health (NIOSH). Temperature, relative
humidity and air velocity were also measured using a velocity meter. The results revealed that the concentrations
of airborne microorganisms in all laboratories did not exceed the recommended guidelines of the Thai Ministry of
Public Health, SPRING (The Standards, Productivity and Innovation Board) Singapore and NIOSH. A comparison of
microbial concentrations before and after classes found that the number of fungi before the class started and
after the class ended were significantly different at the 0.05 level (p-value = 0.010), while the number of bacteria
before the class started and after the class ended were not significantly different (p-value = 0.769). The analysis of
the relationship between the microbial concentrations and environmental factors revealed that temperature and
relative humidity were significantly correlated with the concentrations of fungi in the air after the class ended at
the 0.05 level (p-value = 0.011 and 0.017, respectively). The research findings can be used for planning the use

and management of microbiology laboratories to ensure microbiological safety.

Keywords: Airborne microorganisms, Environmental factors, Microbiology laboratory
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Mol URANT wazAuare1nvewinaliins (Table 1)

Table 1 The environmental factors in microbiology laboratories at Ubon Ratchathani University

Environmental factors

Number of Cleanliness of
Cooling system Ventilation
Laboratory laboratory users laboratory per day
system

Ceiling fan Air conditioner per day Clean Not clean
1201 v v Exhaust fan 14 v -
1202 v - Exhaust fan 10 v -
1203 v - Exhaust fan 57 v -
1301 v - Exhaust fan 4 v -
1302 - v Exhaust fan 7 v -
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3.2. namsnTaiaUinandeuuniiGeuazdon
Tuerma aelusiesujifin1sgadainen

1) $1lelafifidule

msiushegadewuniiieuasidosluanniea
melunazmeueniies joAn159ataine neusuiFeu
(08.00-09.00 1) wazudUANIIEU (16.30-17.30 1) Tavun

5 %109 Winthuntiuiuulalall nan1snsIinnalandly

Table 2 wazAsansly Figure 1
2) mududureadouuaiiieuazifos
msiudegadeuuaiideuazdosiluonnimi
melunazneueniies joAn159ataine neuFuiiou
(08.00-09.00 u.) LazwaANTIU (16.30-17.30 U.) Hanue
5 9199 lunuie CFU/m?® nan1snsiainaauansly Table

3 uazsanandlu Figure 2

Table 2 Mean airborne bacterial and fungal counts in microbiology laboratories

Bacterial count

Bacterial count

Fungal count Fungal count

Laboratory before class (CFU) after class (CFU)  before class (CFU) after class (CFU)
Indoor  Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor

1201 14.44 4.33 4.22 2.33 19.56 56.33 13.67 32.33
1202 10.11 4.33 3.67 2.33 47.11 56.33 37.78 32.33
1203 5.78 4.33 21.44 2.33 50.00 56.33 43.22 32.33
1301 9.89 9.67 10.89 2.33 53.89 43.33 41.33 33.67
1302 9.56 9.67 16.89 2.33 22.78 43.33 19.78 33.67
Mean 9.96 6.47 11.42 2.33 38.67 51.13 31.16 32.87
Max 14.44 9.67 21.44 2.33 53.89 56.33 43.22 33.67
Min 5.78 4.33 3.67 2.33 19.56 43.33 13.67 32.33
SD 3.07 2.92 7.79 0.00 16.19 7.12 13.49 0.73

60

N} w I
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Number of colony (CFU)

—
o

Bacterial count Bacterial count  Bacterial count
(before class) :

Outdoor

Bacterial count
(before class) :
Indoor

Fungal count
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Fungal count
(before class) :
Outdoor

(after class) : (after class) :

Indoor Qutdoor

Sampling laboratory room

B Room 1201 M Room 1202 M Room 1203 Room 1301

Figure 1 Total number of indoor and outdoor airborne bacterial and fungal colonies (CFU)

collected before class and after class
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Table 3 Mean airborne bacterial and fungal concentrations in microbiology laboratories
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Bacterial

concentration

Bacterial

concentration

Fungal

concentration

Fungal

concentration

Laboratory before class after class before class after class
(CFU/m?) (CFU/m?) (CFU/m?) (CFU/m?)
Indoor  Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor
1201 127.67 38.30 37.30 20.61 172.74 497.64 120.73 285.63
1202 89.32 38.30 32.40 20.61 416.17 497.64 333.82 285.63
1203 51.04 38.30 189.44 20.61 441.70 497.64 381.82 285.63
1301 87.36 85.40 96.19 20.61 476.05 382.80 365.14 297.41
1302 84.41 85.40 149.19 20.61 201.22 382.80 174.72 29741
Mean 87.96 57.14 100.90 20.61 341.58 451.70 275.23 290.34
Max 127.60 85.40 189.44 20.61 476.05 497.64 381.82 297.41
Min 51.04 38.30 32.40 20.61 172.75 382.80 120.73 285.63
SD 2431 25.80 61.53 0.00 127.97 62.90 106.62 6.45
600
500

Number of microbial concentratuins (CFU/m?3)

400

300

101

o

0

Bacterial

Bacterial

Bacterial

Bacterial
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Fungal
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Indoor

Outdoor

B Roomn 1201

(after class) :
Indoor

B Roomn 1202

(after class) :
Outdoor

B Room 1203

Indoor

Sampling laboratory room

Room

(before class) : (before class) :

Outdoor

1301 M Room 1302

(after class) :
Indoor

Figure 2 Indoor and outdoor airborne bacterial and fungal concentrations (CFU/m?)
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$oway 100.00 dndruszninsiuiandesnniely
o foRnsuazneueniesufoRnsiadasnaineu
wazundwujuanisdesndin 1 Andufesas 60.00

NeazLBYANaNISANYIRLERSlY Table 4
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3.4. NaN1IATIVINQUYT AUYUTURNS uaz
< o a wa o a & o
anuanelueeUiRn159adaInens 5 e
HAN199 59NN AUEIEN waTANTY
v o < v a wa 7 v ]
duing TuesuJURn159s 5 vios wud
gaungiateluiesuiiinis 1301 dd1gegn

LU}

Wiy 30.80 asAwaled Lavgunilnnguaniiag

a va

UUAN1T 1301 uag 1302 dAngeaaviniu 31.20 8een
ATy

At eluesUfoRnag 1203 fevgean
Wity 83.67% wavautuduivsaneuentiesufuing
1201, 1202 uag 1203 degeaaviniu 80.10%

anusiaunigluiesufjifinig 1201 Trrgegn
Wiy 0.002 m/s wazaruEraumeueniesUjinnIs
1201, 1202 uwag 1203 AA1gagaLvnAiy 0.284 m/s

18aLLBANANSANYIRILERSLY Table 5

Table 4 Indoor/outdoor ratios of airborne fungal and bacterial concentrations

Indoor/outdoor ratio of airborne

Indoor/outdoor ratio airborne

Laboratory bacterial concentrations fungal concentrations
Before class After class Before class After class
1201 3.33 1.81 0.35 0.42
1202 2.33 1.57 0.84 1.17
1203 1.33 9.19 0.89 1.34
1301 1.02 4.67 1.24 1.23
1302 0.98 7.24 0.53 0.59

Table 5 Temperature, relative humidity and air velocity inside five microbiology laboratories

Temperature (°C)

Relative humidity (%)

Air velocity (m/s)

Laboratory
Indoor Outdoor Indoor Outdoor Indoor Outdoor
1201 29.50 29.90 83.00 80.10 0.002 0.284
1202 29.60 29.90 83.67 80.10 0.000 0.284
1203 30.20 29.90 82.30 80.10 0.000 0.284
1301 30.80 31.20 79.43 75.60 0.000 0.203
1302 29.40 31.20 81.60 75.60 0.000 0.203
Mean 29.90 30.42 82.00 78.30 0.000 0.252
Max 30.80 31.20 83.67 80.10 0.002 0.284
Min 29.40 29.90 79.43 75.60 0.000 0.203
S.D. 0.53 0.64 1.46 2.20 0.001 0.040
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3.5. nMsilSeuiisuanududuvaaidanuaiise
X v mwm oA v
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ANNINTFIU
NASUSEUTBUANTNTUYRLTBLUATIS Y
wazdestlueniAvesyniiesuiin1s wudrdaArliiy
AU UIUDINTUBUNLIY SPRING Singapore thay NIOSH

o

(Table 6) IngUsznAnsuaule L?aaﬁqLQWﬁxaa@mﬂww
21n1AN81lUDIANTESTME W.A. 2565 ABsiALENTEI
WeuuafiZonaviesisaulaiiiu 500 CFU/m? dauen
1NATFINVDY SPRING Singapore Usinauvesidouuniide
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USunaudauwuniisonar@asiluiiu 1,000 CFU/m?
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oeUfiAN159aT2Inen neuBuSeunasudadniFou
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Test wui smnuBeuuaiideiouduouardudniou

o v

Lufianuunnsteiusgsfiveddgyn1eada (pvalue =

'
a o v a

0.769) uarsIuILADIAUBNEsULaTnE AN Foud
AMULANANA WD T AN 19adf (p-value = 0.010)
Swazldganan1sAnwaLandly Table 7
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wazauElauiuanududuvesdeuuaiideuazidion
luamAnauBuEeuLasududnGeu

nNNTIATIEAlAelEERR Pearson correlation
wazdad# Spearman’s rank correlation WU

gungi AL uduivs uazaruSiaulid
muduiusiuanududuventeuvafiGelueniaiou

o w a

Budeuegiiteddyneada (pvalue = 0.497, pvalue
= 0.759, p-value = 0.182 mua16u)

gl Arududuivs wararnudaavlid
auduiusiuauduturesdeuvafiSeluonands
BniFeued 9iitud Ay neEia (p-value = 0.862, p-value
= 0988, p-value = 0.563 AUAIA)

gl Arududuivs warainudaanlad
mnuduiusiuUSinueududureateslueniadeu

o w a

Bussusglteddgneada (pvalue = 0.114, p-value
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= 0.593, p-value = 0.182 Au&AY)
gaun il ANNFUFNIS daruduiusivusunm

v v

mududureatosluomandudnEoueseiitoddy
19887 fisedu 0.05 (p-value = 0.011, r = 0.957 uay
p-value = 0.017, r = 0.942 A1) drunuSIaulyl
flauduiudfuusinanududuvesdosiluenie
nauanseueg1lved1Ayn19ada (p-value = 0.146)

18aLLBANANSANYIRLERSLY Table 8

4. 8AUSIINANITIVY
4.1. VSunandeuuaiiBeuasidesilusinia
meluiaslfjuiRn1sgadainen
dlevinnsAneivsuiaanududurende
wuaiiBeuasidesiluoinianennslutazaieuanies

UHURN98TIINeT wud anuuduvestawuaitiely

a

onanslusiosufUAn1snousuFounvuinian
WeeUURn1s 1201 Fdwdugeganindu 127.67 CFU/m?
wagndudniFounuuiniigaiiviesufuAnis 1203 4
TIUIUgIGgAWIIAY 189.44 CFU/m® wazUIuiaiadng
Wuturesdosluerniameluiesufifinisteusudeu
wusnigafiiesufiAns 1301 fs1uaugeaaiviniu
476.05 CFU/m> uazwdaudnBounuuindiandivios
UFTRNNS 1203 S waugeaainiu 381.82 CFU/m? &
wiagriadlaifuAmmsgiu WethundIeuiisuiuaui
st¥aUszniansueunsle Ges AndiszTinunineinie
aelueinsansnsne we. 2565 Anihay Tudlenuadie
wazidossamuarliiin 500 CFU/m? ANNINTFIUVDY
SPRING Singapore fifuusivesdeuuniidouasidos
13iifin 500 CFU/m? wagAwuziives NIOSH Sr1uugii
yoadaslahiin 1,000 CFU/m? aonadosfiuaiidoves
lkon et al. [12] lvihnsfnwnsusedivgdumidlueinie
neluresiesljuinisluuminendelaus (Obong
University) Uszmalu3de wuin seduveadouuniise
wazi@osluornimeglunasidseniulduasdulumy
Wy uUiInaaunIsTitmua Ao laiiu 500 CFU/m?
MARan15iTe wud Asefuanududureadesily
a1meaneluiesuUAnTg 1301 wag 1203 wud fenkl
AuA1u9531U Fanansinguaineinianislues

UfuAmshufidymluiuamnineinia uideiauswuy
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Fenarnduiiosuuineildlunisiuieudiou delils
MEAUITIILTe It e TuaT TR UATIEeTiAAa
dutuiiganindarlivaenfodequaw wievnsndiil
swvasndtsioguam uazilovuSsuiisuduauusti
383 ACGIH szminsUSinanteuuaiidonasi@esinnely
wazA1EUDNTUYTITZTUZANDUS I ULAT NALANITHUTDS
WosUuRnng FdusewinuSinaveadesilueinia

a va '

aelureslfufnisuaznteueniesufiAnisneuseuy
WU e UAn1s 1201 way 1302 TAtiesndn 1 fie
0.35 waw 0.53 MY dndausenineTinavesdion
lusinmianieluiesuiainisuazagueniiesd JUanis
NAUANEY WU HeIUfURnis 1201 wag 1302 Ten
aglugasdiuugin fio 0.42 uar 0.59 A1NEIFY LA
dndrusenineinuideuuaiideluoinianisly
WeslfuRnsuazneueniesufuinisneutasndateu

' £

nu31 el fuinis daruinnda 1 wansliiiudn

q

1%
= =~

Weouuaieluaniaiesufufinstiundenniinniely

el URn1sunninneueniealjuiinis

4.2. M5 auiisunuuAnm19u Il Ny
&I a a &l v 4 a wa
vasauuAfisuazwasluaniangluiesu]ufng
8% NouBNGIULATUauaNEEY
AMSUSsUBUANULANA19BIUSHNUANUUYY
d", a a %4 a wva a a
vaaeuuafiielueNanielue s uin1s9adyinen
wud anududuresdeuuaiieneutuiteu aglugis
581319 51.04-127.60 CFU/m? wagvidudniSeu aglugas
3911979 32.40-189.44 CFU/m? Mallanuidudua iye
wuafiSewigndudniSouazganiineulzuitey Ay
v ¥ dy a a 1 1 1
Wudureadawuaiseluainialuisasadiaanliinng
upnAsiued e lTud1Agyn1saia (p-value = 0.769) Lag
5T HUTIIUANULANA1IYBIANUTUTUVDUTBI b
amanelwieUAN59aT7INe1 wud emduduves
WesneusuEeusgluyaesening 172.75-476.05 CFU/m?
warnaadneu oglugiesening 120.73-381.82 CFU/m?
mllanududuvesdesiaienouiEuiseurainimas

BNSEU ANULNTUTRIR BN U LS ULaT A LanS 8 Y

aa a

upnsinanuedsltde @Ay Neadf Nszau 0.05 (p-value
= 0.010) FeliaonndasiuauIdeaas Nimana et al.

[13] BelavinsfnwiiFesnisuuileusdunidlueinie

Yol URNT ANEINIAMIEns un1Ing dendn
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MN15An 1928735 settle plate nan15An® WUl
Usiadeuuafioadsludindivesiosufidinng
3aY7INEM9BIMNT WU 71.80 CFU/plate/h USuna
WeuuaiiSotaaung Wiy 49.00 CFU/plate/h du
Usinaudesiludiadh wiriu 59.50 CFU/plate/h g
U1 Wiy 76.30 CFU/plate/h WeiUsInaudonundise
watlutianadnazganidinad wasuTinades
waglutnaisazgainininanite Viinaqdunid
Tuornialuwmaztisnan As Wiwazuie wuin daru
wane19iueg 19l ded1Agyn19ads (p-value <0.05) 819
esnndraddsldldnunisvianuasenesdou

SuviuiuRnng

4.3. AMUFUNUS NI NN ANUTUTUANS
wazANS ANt UANUNTuYRIRBLUATISBLATaIN
TuanAnauEuBeunazvasaniseu

¥
v ¢ ' a =

Tuns@nerAnudunussenieunnll AUty
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P
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v
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gl U

v
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Youdeuuafiionduandeu Sedenndesiuiuive
Andriana et al. [14] l#vin1sfnuidesarnuduius
sgrheswuwuaiGeussifosiluenmatugungd way
ANUTUFNTNE 9 nNan1sNAdOUA8@aR Pearson
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AudiiustussriagamgiifusuuuefiFouanie
sibuon AN eluiesu uRng
HANSANWIANENTUSTENI QUMY AT
Fuimg wazennudaufunnududureadosluena
wdadnGEeu wui gamgl Arududuing Sanuduius
fudsnamnuddureadesluemavduanSoustis
fifodAyneadffisedu 0.05 (p-value = 0.011, r =
0.957 waz p-value = 0.017, r = 0.942 AWAIFU) @
Anustanldiianuduiustuusuiaanududuaes
WosluerniandudniSeusedreiveddynieadi
#9AARBIAUIUITEYDY Suantubtim and Gamnarai
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Table 6 Airborne bacterial and fungal concentrations in indoor microbiology laboratories

Airborne bacterial concentrations (CFU/m?)

Airborne fungal concentrations (CFU/m?)

Before class

After class

Laboratory Before class After class
Mean Max Min  S.D. | Mean Max Min S.D. | Mean Max Min  S.D. | Mean Max Min S.D.
1201 127.67 22990 2945 81.88 | 3730 5595 20.61 1449 | 17274 200.21 13251 29.08 | 120.73 16196 7951  33.66
1202 89.32 117.79 44.17 3229 | 32.40 64.78 11.78  23.18 | 416.17 48292 312.13 7455 | 333.82 371.02 28296 37.22
1203 51.04 8245 2650 233 | 18944 26796 14134 5599 | 441.70 494.70 347.47 66.80 | 381.82 503.53 247.35 104.97
1301 8736 22380 883 9684 | 96.19 12956 6184 27.66 | 476.05 51237 418.14 4139 | 365.14 594.82 24441 162.48
1302 84.41 94.23 70.67 10.01 | 149.19 179.62 100.12 3503 | 201.22 22674 176.68 20.45 | 17472 226.74 14723 36.81
Table 7 Comparison of airborne bacterial and fungal concentrations in microbiology laboratories (CFU/m?) before class and after class
Laboratory 1201 1202 1203 1301 1302 Mean S.D. t 95% CI p-value
Airborne bacterial concentrations
Before class 127.67 89.32 51.04 87.36 84.41 87.96 24.31 -0.315 -127.404 - -101.472 0.769
After class 37.30 32.40 189.44 96.19 149.19 100.90 61.53
Airborne fungal concentrations
Before class 172.74 416.17 441.70 476.05 201.22 341.58 143.07 4.646 26.696-106.008 0.010*
After class 120.73 333.73 381.82 365.14 174.72 275.23 106.62

*Significantly different (p-value<0.05)
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Table 8 Correlation between environmental factors (temperature, relative humidity and air velocity) and microbial concentrations in microbiology laboratories before class and after class

Environmental

Mean values in each laboratory

Bacterial
concentrations
in laboratory

(Before class)

Bacterial
concentrations
in laboratory

(After class)

Fungal
concentrations
in laboratory

(Before class)

Fungal
concentrations
in laboratory

(After class)

factors
Correlation Correlation Correlation Correlation
1201 1202 1203 1301 1302 coefficient p-value | coefficient p-value | coefficient p-value coefficient p-value
(] 0] 0] (]

Temperature 29.50 29.60 30.20 30.80 29.40 -0.406 0.497° 0.109 0.862% 0.787 0.1142 0.957 0.011°
(°Q)
Relative humidity 83.00 83.67 82.30 79.43 81.60 0.191 0.759° 0.010 0.988% -0.325 0.593% 0.942 0.017¢
(%)
Air velocity 0.002 0.000 0.000 0.000 0.000 0.707 0.182° -0.350 0.563% -0.707 0.182° -0.748 0.146%
(m/s)

3Pearson correlation and °Spearman’s rank correlation
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