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ABSTRACT

Objectives: A pilot study was undertaken to assess the bioaerosol levels in restaurants and determine the effects
of variations in temperature, relative humidity, and air movement on these levels. It focused on the differences
between kitchens and dining areas, as well as between summer and winter.

Methods: A field survey was performed in six restaurants. An Anderson type air sampler was used for sampling
bioaerosols, such as total suspended bacteria (TSB), Gram-negative bacteria (GNB), Gram positive bacteria
(GPB), opportunistic bacteria (OP), Staphylococcus spp., and total suspended fungi (TSF).

Results: The average levels of TSB were 1x10? CFU/m® and of TSF they were 1x10°~10' CFU/m”. The
kitchens had higher bioaerosol levels compared to dining areas, and summer showed much higher levels
than winter. The concentration of OP in summer was more than six-fold that of winter. S. aureus was
detected both in kitchens and dining areas, even in winter. The main effect of air movement on TSB levels
was significant (p<0.05), as was air temperature, relative humidity and air movement on TSF levels

(p<0.05).

Conclusion: There was a wide variation in bioaerosol levels among different restaurants. The results
indicate that cooking foods may be a key factor affecting bioaerosol levels. The effects of air temperature
and relative humidity reveal that bioaerosol levels may vary according to the season. The observation of
pathogenic bacteria suggests that the hygiene management of establishments should be improved. Future
research is needed to characterize the relation between bioaerosol levels and the occupant density of the

dining area.
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Al (total suspended bacteria. TSB), tH&dS X
skl 23247 (gram negative bacteria, GNB),

A TdS X 2H YA d(gram positive
bacteria, GPB), Q1A ¥|Hol A= AT
(coagulase-negative staphylococci, CoNS)F} 4|55
S Yo7 = FAE T (Staphylococcus aureus,
SA), WE]d & (methicillin) 5o WS Ho] XEE
HA sh= WE)A WA A =/ (methicillin-
resistant Staphylococcus aureus, MRSA), H & o]
w2 AlgolA RS dod e VA
(opportunistic pathogens microbe, OP), 2] 3. 4t
ARl AATE & F = FH-FXlH (total suspended
fungi, TSF)S ¥ o= 9ok

zh mAE AFH o AMEE WA= TSBol=
trypticase soyagar(TSA) (BD Difco, U.S.A), GNB
o= MacConkey agar(BD Difco, U.S.A.), GPBol
+ phenylethylene alcohol agar(Hanil KOMED, Korea),
CoNS®l= mannitol-salt agar(BD Difco, U.S.A), SA|
+ CHROMagar Staph aureus(CHROMagar, France),
MRSA®I= CHROMagar MRSA(CHROMagar, France),
TSFoll& Sabouraud dextrose agar(BD Difco, U.S.A.)
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Table 1. Values of thermal factors in the kitchens and dining areas in summer and winter

Season Sampling location  Sample size Air temperature (°C) Relative humidity (%) Air movement (m/sec)
Kitchens 18 28.2+1.4 61.617.0 0.22+0.07
Summer L.
Dinning areas 18 28.0x1.1 58.816.1 0.21+0.06
. Kitchens 18 13.943.7 49.019.4 0.20+0.03
Winter Lo
Dinning areas 18 12.7183.7 44.618.9 0.11£0.03
Note. Values are the meantS.D.
500
m. 2 £ P i
g 400 -
£
1. 2, 5 ¥ 7R 5 s00-
7t g2 st Bol edxzloes e §
$% 9 71RE 24 2AE Table 17 2T 5 e
B0 25 FHoIA 264~30.5°CEHE 282°C), = I
=3 100 =
ol 26.2~29.5°C(HT 28.0°C)°Ith v F z . 'R L
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0.21 m/sec)o| AT}, AEHol| T &9 25, %
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AL 2= FHolA 8.9~19.1°CEHT 13.9°C),
ZA] 7.1~17.8°C(HF 12.7°CelAth. FE= 4
oA 36.2~65.6%CE T 49.0%), ZNA 40.0~60.5%
(3 44.6%)010t. 71F= FolA 0.13~0.25 n/
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Fig. 1. Comparison of bioaerosol concentrations between
the kitchens and dining rooms. Each bar is the
meantS.D. The bars with asterisk are significantly
different (*: p < 0.05, **: p < 0.01). TSB: total
suspended bacteria, GNB: Gram-negative bacteria,
GPB: Gram-positive bacteria, OP: opportunistic
pathogens, STPTH: coagulate-negative staphylococci,
SA: Staphylococcus aureus, MRAS: methicillin-
resistant  Staphylococcus — aureus, TSF: total
suspended fungi

MRSAE 7ZHz+ 22.8 CFU/mY,

z}:i Ox]

oA},

15.6 CFU/m*°| 1 T}.
S F4HF 239 CFU/m®, & 18.9 CFU/m’
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Table 2. Comparison of bioaerosol concentrations between the summer and winter

Type of bioaerosol Summer Winter Summer /winter t p value
Total suspended bacteria 361.71£54.1 138.1£12.2 2.6 -4.027 <0.001
Gram negative bacteria 23.916.9 9.743.2 2.5 -1.857 .069
Gram positive bacteria 78.6£10.0 30.3£2.9 2.6 -5.559 <0.001
Opportunistic pathogens 103.6111.6 15.6x1.7 6.6 -7.504 <0.001
Coagulate-negative staphylococci 71.446.5 21.4+4.7 33 -4.963 <0.001
Staphylococcus aureus 25.013.6 9.4%1.5 2.7 -3.915 <0.001
MRSA 19.242.8 0.0+0.0 - -6.712 <0.001
Total suspended fungi 21.4+1.7 4.4+1.0 49 -8.406 <0.001

Note. Values are the mean+S.D. unit: CFU/m?

Table 3. The effect of thermal factors on total suspended bacteria (TSB) and total suspended fungi (TSF) in the kitchens

and dining areas

TSB (CFU/m”

TSF (CFU/m’)

Variables
B SE p value B SE p value

Intercept -171.6 98.621 0.086 26.49 5.058 <0.001
Air Temperature 3.498 3.189 0.277 0.3630 0.164 0.030
Relative humidity 2.184 2.260 0.337 0.3240 0.116 0.007
Air Movement 1037 338.757 0.003 8235 17373 <0.001
R’=0.294(TSB), R>=0.603(TSF)

Agdde AA HHEoz FHRATES T o} 3t 368 E2 oIk 718 d o] 6.6
168.3 CFU/m®, & 107.8 CFU/m’, 2824 7#S 7+ v, SRR 498, EEATA 334, SNEE
7} 17.8 CFU/M’, 1.7 CFU/m?, Z28¥A 7 24zt e 2.7, FBEATE B EGAd T 260, 2
34.4 CFU/m’, 283 CFU/m’, 713zdaS 7z} 28w 2,59 A TH(p<0.001).

16.7 CFU/m’, 144 CFUMm’, ¥EAF7< zZ4zt

25.6 CFUM’, 15.0 CFUM’, 3N E =738 7+ 4.2 E= W 7| RA FROIMUE 5o HHY
7} 12.8 CFU/m’, 6.1 CFU/m*]3it}t. MRSAE 7 T8 288 =%, 5 2 7F SR
Z5A] g9t FEH317E F9 5.6 CFUM’, & Az FRGRF PRe dFS Yol Zst
3.3 CFU/m* |t} = Table 33 2t} 7+ Q1A FEA 271 <l

FHI & ARolol] Bl 18-S (p<0.01) 2 wE5AE aHE ¥ =AY A7 o
2T (p<0.05)°] Frolgh 2ol 7t glom, AL TGS FoetA %ol oAES AA L TR
= FEAE, AT, N EEATT 2 S5 Inhg 23 FI AR S AAskAT 2 A5
FrRleto] frolgk 2pol7k AAATH(p<0.05). FTHFAlRE T A 7157 (p<0.05)°] T2

= fFostioy ex 9 Fx9 FaAe 79

3. AEY RRO0IME s= Xl0] A @Fodth FEFAF TR doHE &

7 g2 -A EARE FRAES o5 AL (p<0.05), H£=(p<0.01), 71F(p<0.001)2] F& 7}
2 FE3lo] vwd A3= Table 29} Zh A4 7F BE folsAl vEhET _%, 5, 283
02 ofF ALHT £ FFOE FR{uAEo] 715 o8] AHEe SR sE] H&S
AEH 7|0] B2 A5 2+ v Ee] g AAATL 60.3%C]t). ©] A% AL FHEHF
sl S ¢ Atk URbE 7 RSkt A T5 =-26.49+0.3630(2%) + 0.3240(F%) +
MRSAE A9 o2 FFu8E2 A5 ALR 82.35(715)°lth.
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