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ABSTRACT

Objectives: This study was performed to examine bioaerosols in indoor air in public restrooms, as well as to
assess the effects of air temperature and relative humidity on bioaerosol levels.

Methods: A cross-sectional survey was performed in ten male and ten female restrooms. An air sampler
(Anderson type) was used for sampling total suspended bacteria (TSB), Gram-negative bacteria (GNB), Gram-
positive bacteria (GPB), opportunistic bacteria (OP), Staphylococcus spp., and total suspended fungi (TSF).

Results: The levels of TSB were 10-10° CFU/m® and TSF 10-10> CFU/m’, respectively. The GNB level was 0-
10 CFU/m?, and GPB and OP levels were 10-10° CFU/m’. Staphylococcus aureus and methicillin-resistant S.
aureus (MRSA) were detected in 90% of the restrooms. The GPB level was higher in the female restrooms than
in the male restrooms (p < 0.05). TSB, GNB, and TSF showed higher levels in restrooms in buildings over 30
years old (p < 0.01). The main effect of air temperature or relative humidity and interaction effect of the two
factors on the TSB level were significant (p < 0.05), while the effect of relative humidity on the TSF level was
significant (p < 0.001).

Conclusions: These results indicate that there is a wide variation in the bioaerosol levels among different
restrooms. The observed differences in bioaerosol levels reflect different building histories. The effects of air
temperature and/or relative humidity reveal that bioaerosol levels may vary according to season or time of day.
Future research is needed to further characterize the relation between the bioaerosol levels and surface
contamination in restrooms.

Keywords: Bioaerosol, Indoor air, Restrooms

LM 2 SHhot spoy2le] A HHIATHY o] @A| S

QA B mAEo] B3 WA AL HEENS

shgae v, Sn, g g 5 Algel B w7 eow dlsl $UAst A% 2 Agd
NEErY foEs e ogue] dn 55 4 9 dAdh

44 REERGlE TR vl BAlse 9 shgdel ole) gEEwe] o3 A sl o)

A B AFSe] FEAolgy GeAthY /K ol 0|9} o] thekd ApEol skl Wkl

AANAE S B B B glo} & gue] 7] EE ool2El ege] B AFE

Corresponding author: Department of Industrial and Management Engineering, Keimyung University, 1095 Dalgubeoldaero,
Dalseo-Cu, Daegu, 704-701, Korea, Tel: +82-53-580-5289, Fax: +82-53-580-5165, E-mail: jskim@kmu.ac.kr
Received: 1 June 2014, Revised: 7 July 2014, Accepted: 15 July 2014

304



dHoE Ao 854 vt AMSsle aEse
HolMs W7o EWEe] A&EHoR dojuar
olwf WAe} 22 Evlgo] gl AL Ho 224
Hrt. ole s AREALe] A1A| €} Rof] EA] =A
T $EE gEES ol 7Hgekal Xt W7o
A ettt BEE 3] F ollolREd] xgEo F
et ol AR et BlEe] s 3] o9
o] Fa3 gQlo=r Agate Ao=E AAEFU o
£ EW Gerba 52 W7o Agyoz 3l A
w3} vtelH 27t S ol v} A s
HaRE T EHA olojzEo) 9% A e

A AR AASATEY o] F HE AFElA
H7] WellA HAZE A AE SRS Barskqd
. & Al vz WAAE FY3 w74
A Ee] Y Folx EAlsh F7] Fol
Sho] WA EATES AR Atmdleiso] vhash
o] 84 9 w7|dM drduto] 457 AL
EJ_EVL,_ SIATE B 557148 A% 3}
ooJZ2E o5 Muprt 7sFhe] HaE AT vt
2 T3 I I F715 T (severe acute respiratory
syndrome, SARS) 37} 1 t%Z2] o2 o &
2ol A SARS Hle|# 27t ER|The] RaEglom
THAIT B (multi-family tower)oll 4] SARSS] A }7}
s w7127 gtE o] JEEATRY
FUANNE st ool tigh A E A7}
UARE o] AFEL TSP W] A vA
5 BE, I AR AFAHE 9%,
T e FAA 7|4
22l (mycoplasma)?] &8 A&, TE 3P of
HEAT A A gk B Foloh' 23wt 5}
A W 7] 5 AAE ol tig AT v
sith. 28R 2 Ate FEsPAdA vio] e
JREZEA M, N, 1P, 1%%@&, z

o

e

]

4
o

N
ol

]_

To

ofr
FU_/ =

o}‘i o

1

HAA] nlo|mE

=RTE 50 BES 2AT F2 £d8ssle)
B DolBowA sgAe) HABLY oo
oz A% = Wk AW N2ARE AT
37 sk,

IL = 2 2y

1. ZAF A

A ECE A A A ollA wg 7)o 3}

J Environ Health Sci 2014; 40(4): 304-312

.ﬁ
>
o
2
o
ol
o
38

ok ¥ @7e) A% A Yy

A = =1

& 21{— = 1078 AZel z 2708 = 20
N EEdE ez sild. A= woldl et
& - FE7F OE Aol FRudEe] o)zt 9l
< 7 AeBE B 150 AT 3PS A
kit

o =
E& 4&(GNB) éMPw‘L&OM RALS T

HAd, W, tZdH ok, e, SAH,
WAd 58 23k 29I (GPB), UA|
i=]

FAx= &A= X’ Fd(coagulase-negative
staphylococei, CoNS)# 1 & 2558 o=
S SE A (Staphylococcus  aureus, SA), A
TG T AUAd FAAA wEdd
(methicillin) 5o WAS Hol AFE oJHA sh=

v E] A &) A 3 3 = - (methicillin-resistant
Staphylococcus aureus, MRSA), &g o] ke 3

At mofxl 5ol e Be dod e 719
AT (OP), 22|30 Mkl AdrE & 7 =
=) .q_

FHAE(TSF) 52 2 ooz
AR ANFH 2 A 108 F FESAL

Ab td s Ee] 11 /‘]‘AQE]EE FZE A7k
YA A8 AFHE flste] o4 sAREH A
ol th7lste] FHl 9 =5 AR 0}9&2”% AN
9 348 dEs AHE AERFE)E 114 o)A
of Rk FaTE AR AFH H 8 A &
A 104 AFA). 78 SR 208 oY THH L
2 33]¥ AFH s

FTEIAE S4S A AR AFHE vl
SAA5 0 AW S Fate] st
oW ol wel AHFEY2AS] MAS-100 (Merck,
Germany) o4& (air sampler)& A3} 37|
AEE AFEY F oloAlEee 371 97l
AAE 27 0.7 mme] 71 400715 S8l £ 045
m/sec, FF% 100 L/min® &2 SYUHE 7|7} B4
o3l 10.8 m/secd] SEZ wiA] 9o FEIE==
o] AUk

http://www.kseh.org/



Z} n| A&l ARE-E iR ZE TSBOlE trypticase soy
agar (TSA) (BD Difco, U.S.A), GPB9II:= phenylethylene
alcohol agar (Hanil KOMED, Korea), CoNSol=
mannitol-salt agar (BD Difco, U.S.A), SA°l+=
CHROMagar Staph aureus (CHROMagar, France),
MRSA®|= CHROMagar MRSA (CHROMagar,
France), GNBe|= MacConkey agar (BD Difco,
U.S.A.), TSFell= Sabouraud dextrose agar (BD
Difco, U.S.A.) 5]tk

7+ W& 2Ak] E- FHEZUA] (Petri dish)E
MAS-100 air sampleroll ZHA|713 734 W o
ZHE Im oPd oA vpgA A 1.2-1.5m =
o]l $IANA 2-5%7F ¥7] AEE AHFH 6T 7
A Eo] ZYE Petri dishE ofo]2uf2o] Hol =
Al APER kete] wikrlol WAL Alate] -

35°CollA 297}, F+e] 739 25°ColA 5-7¢ 7wl
A3

etk Wi & FAFE HEe Bt Hege
(CFU, colony forming unityg AlFsle] 37] 5 &

Z(CFUM)E YeRATt.

371 A8 AFeH tEe] Y AT B fIXoA
<=8 FE5 S8tk 371 AlE AHFH e kb
TR 7 PR 207 ol 1AL 33 =
Aoek. 29t % AL fst 25=AIn/
out thermo-hygrometers, Sanyo, Japan)& ARE-5}51
okt 24 Al LFEAE XSl 38 ol

EERT RS e

[of

¥ AEE= Minitab (R) 16.1(Minitab Inc., PA,
US.A)S ol&sto] st 4 d5d= o
w3 FEAE ARtsdth @Y sPdEE A
o] oJFE dolry] flete] -4 (t-testyS 5t
ATk sl AT Aee] ASAFEE A
o] o5 Lotr 7] flste] dUuA] EAHEA (one-
way ANOVA, analysis of variance) % Duncan's
multiple range tests 38ttt FAREA o] AR

A ARE SR 293 A 492 F4 )
3 A1gEe] MEge st TE sy
=44 ex B

http://mwww.kseh.org/

ATt

2. blo|20l0j2 &

D ERRAE 2 FRRAE B

pae) A 37 F FRaAEs SR
& 248 A% Table 29 2. FRAAE 5
328.2 CFU/m’(103.3-1,250.0 CFU/m’),
FE+= ¥+t 86.8 CFU/m’(23.3-353.3
ohogaEE FRedEs 2R
=

Hollow L Algrth Xae]

Lot
o

Table 1. Air temperature and relative humidity in
different restrooms

Restrooms Temge(tzr;lture Relative(:o/?)umidity
1 18.7+0.14 46.4+0.37
2 22.8+0.05 46.9+1.18
3 22.24+0.45 40.4+0.28
4 21.5£0.03 52.5+0.14
5 21.4+0.15 43.5+1.77
6 19.2+0.13 35.6+0.39
7 20.7+0.01 37.2+0.90
8 22.6+0.20 55.4+1.49
9 19.2+0.18 38.5+0.27
10 21.3+0.26 34.7+0.30
11 19.9+0.21 51.6+1.08
12 23.1+0.10 42.4+0.59
13 21.94+0.31 36.7+0.97
14 21.3£0.02 51.1+0.08
15 22.3+0.08 36.5+0.73
16 19.8+0.06 36.0+0.66
17 21.4+0.13 36.0+0.06
18 22.54+0.16 53.2+1.32
19 19.1£0.09 39.6+0.90
20 22.1+0.01 38.1+£0.29

Note. Values are the mean+S.E. of three measurements.
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Table 2. Bacterial and fungal aerosol concentrations in different restrooms

Total suspended Total suspended

Gram negative

Gram positive Opportunistic

Restroom bacteria fungi bacteria bacteria pathogens
1 330.0+32.1 53.3+8.8 10.0+£1.7 60.0+5.8 130.0+8.8
2 383.3x14.5 23.3+3.3 3.3+0.9 50.0+5.8 50.0+6.8
3 923.3+60.1 53.3+3.3 10.0+2.3 86.7+8.8 20.0+5.8
4 296.7+16.7 353.3+14.5 23.3£3.3 76.7£12.0 20.0+5.8
5 206.7+37.1 40.0+0.0 0.0£0.0 90.0+5.8 60.0+5.8
6 303.3+35.3 70.0+£5.8 10.0+1.7 96.7+3.3 30.0+£5.8
7 116.7+14.5 30.0+£5.8 0.0£0.0 113.3£8.8 33.3£3.3
8 633.3+20.3 86.7+8.8 9.3+0.7 90.0£5.8 60.0+5.8
9 216.7£28.5 50.0+5.8 10.0+0.6 80.0+5.8 40.0+5.8
10 226.7+31.8 40.0+5.8 0.0+0.0 110.0+5.8 10.0£1.2
11 176.7£14.5 50.0+0.0 0.0+0.0 70.0+5.8 100.0+8.8
12 370.0<11.5 20.0+0.0 0.0+0.0 86.7+3.3 60.0+5.8
13 160.0+15.3 80.0£11.5 40.0£5.8 80.0+5.8 30.0+£5.8
14 240.0+15.3 470.0+£20.0 23.3£3.3 83.3+8.8 30.0+5.8
15 270.0+£26.5 36.7+3.3 0.0+0.0 110.0+5.8 56.7+£6.7
16 123.3£13.3 70.0+5.8 10.0+0.6 170.0+5.8 23.3+3.3
17 110.0£15.3 26.7+3.3 0.0£0.0 120.0+.8 20.0+£5.8
18 1,250.0+100.0 103.3£13.3 9.3+0.7 90.0+5.8 50.0+£5.8
19 103.3+14.5 46.7+6.7 0.0+0.0 83.3+8.8 50.0+£5.8
20 123.3+16.7 33.3+3.3 0.0+0.0 100.0+£5.8 20.0+5.8

Note. Values are the mean+S.E. of three measurements. unit: CFU/m’
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Table 3. Distribution of Staphylococcus spp. in the
restroom air
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Fig. 1. Comparison of bioaerosol concentrations in male
and female restrooms. TSB: total suspended
bacteria, GNB: Gram-negative bacteria, GPB:
Gram-positive bacteria, OP: opportunistic bacteria,
TSF: total suspended fungi. Each bar is the mean +
S.E. measured at ten restrooms. ": p < 0.05.
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Fig. 2. Comparison of bioaerosol concentrations in the
restrooms according to building history. TSB: total
suspended bacteria, GNB: Gram-negative bacteria,
GPB: Gram-positive bacteria, OP: opportunistic
bacteria, TSF: total suspended fungi. Each point is
the mean * S.E. measured at four or six restrooms.
Means with different letters are significantly
different by ANOVA and Duncan's multiple range
test (p < 0.01).
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Table 4. Effect of air temperature and humidity on the concentration of total suspended bacteria in the restrooms

Source of variation adj SS daf adj MS F p value Coefficient ()
Regression 2,005,482 3 668,494 12.392 0.000""" 7,329.5
Air temperature (T) 266,497 1 266,497 4.940 0.030° - 359.6
Relative humidity (RH) 331,881 1 331,881 6.152 0.016" - 200.8
T X RH 389,705 1 389,705 7.224 0.009™ 10.1
Error 3,021,016 56 53,947
Sum 5,026,498 59 85,195

Note. # (coefficient of determination) = 39.9%, df: degrees of freedom, SS: sum of squares, MS: mean squares, ~: p<0.05, ™"

p<0.01, *": p<0.001

Table 5. Effect of humidity on the concentration of total suspended fungi in the restrooms

Source of variation adj SS df adj MS F value p value Coefficient (8
Regression 182,998 1 182,998 18.417 0.000™" - 256.2
Relative humidity (RH) 182,998 1 182,998 18.417 0.000™" 8.1
Error 576,301 58 9,936
Sum 759,299 59 12,869
Note. ¥ = 24.1%, df degrees of freedom, SS: sum of squares, MS: mean squares, ~: p<0.001
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