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The Load of Indicator Bacteria of Sanitary Ware in Public Restrooms
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ABSTRACT

Objective: The purpose of this study was to investigate the occurrence of indicator organisms in essential
sanitary ware in public restrooms.

Methods: Twelve public restrooms were randomly selected. Samples at three locations (toilet seat, toilet flush
handle/lever, and faucet handl€) in the restrooms were collected with moistened-sterile cotton swabs and applied
to media in order to determine aerobic colony count (ACC), tota coliforms, and Escherichia coli.

Results: Most of the samples taken in summer showed a higher level of ACC than those taken in winter
(p<0.05). Female restrooms showed higher ACC levels on faucet handles and male restrooms on toilet flush
handles/levers (p<0.05). Overal, faucet handles contained the greatest level of ACC, followed by toilet sedts,
wheresas the least load was found on toilet flush handles/levers. The ACC level of samples in the restrooms in
public parks, subway stations, and educationa institutions varied. Total coliforms were identified in about 20%
of toilet seats and faucet handles in mae restrooms and faucet handles in female restrooms in summer. These
locations were aso the sites of postive results of E. coli isolation.

Conclusions: The public restrooms were significantly more contaminated in summer than in winter. Overdl, the
most contaminated locations in the restrooms were toilet seats in male restrooms, and faucet handles in femae
restrooms. Poor hygienic status was indicated by the positive results of total coliforms and E. coli on samples
from some sites. Therefore, sanitary control of restrooms should be improved. These results should be confirmed
in a larger study that includes more public restrooms.

Keywords. aerobic colony count, total coliforms, E. coli, sanitary were, public restrooms

.M 2 o ogk o]de] Huprt sPdale] Wr] ARSI A

o] glgo] H&og HyH nf gk o]&E 714

AaslolM Fasdale oA thaol8Ade] o] A, dwtel T wAZA AN F53}
a8k AR 2 AuAstA =T 58] A4 & Aol g A7 AEHH o= FYPHUTE. Mg
shgado] de] ByEo] vt E Bsty] TES Aduk sPgAoA B B IR fef Al
AUk FHO R FFsPFA A o] WA A u} vy 29e Busiglon, MY sPoA 2t
7F S =3 i), 1950dd] FRE, Shigella sonnei T WEARWAE 2= (methicillin-resistant

Corresponding author: Department of Industrial and Management Engineering, Keimyung University, Daegu 704-701,
Korea, Tel: +82-53-580-5289, Fax: +82-53-580-5165, E-mail: jskim@kmu.ac.kr
Received: 12 February 2014, Revised: 25 February 2014, Accepted: 28 February 2014

63



H>

64 ABT - US

Saphylococcus aureus, MRSA) 2
t}29 2 Flores 52 a33PdAolA AT 4
e Aol thdehs SN I olE At
o] A7k} FHHEH o] Qlvks Ag AABIATED o]
Al A el =] s 1Al Qe
G m3ITks Aol %—__?E}% & ] ok,
Sl E 2002d YEAF OIS 9} e
AR Yrg FAF 2L mi Z8144 Avg-
A7 ES - 71T el Bl
FolHnh AAWH 02 2004d FFeHEA Soll B
3 sl AYABHAN s - el o)
3 ATE U8 SIS 2RAT fj9t o]
FeloA sPga] slelre] sty A7)
Fasbl] Qs glo] Watel FujelMe FE8
B o PR BANSY 2AL 23 HE
olFolA 7 YA etk 1 B SYE ATER AL
w2 AR A AT ol TRt 47
P94 AL 19 AT, istel 3
71 AHEEA] B AT, el gEegAe) 4
A2 #p7el g le] s Eel=wH(mycoplasma)
o] ¥ HE Sol Atk wkd spPgAn Hust
of HE] SHoN 7P Fasitha AdEE A
Ll 2"315 I J&d ?j.‘?'—‘ o gk Aot
el e Bt A
*}i = 0‘?97] 7+ &3t o E

il

A7) et of
ek B W, 9AeR SAGE AT
Rk Al ANAH7E E 5 glgel A4
ATEM oo ¥ AL tEolgA AXT 3
FFAANN BHOE AMEHE A 7P T8 A

o] thate] A 2 Y=ol 7)Fo] HE A HA
Q) Yukdl, FhgA 2 WS oe2d3 A
3o ZAF BAFozM g AT B
7NzARE ATt FEh
. Xz Y g
1 MO F AIZ xHZ
ATgez A tEa] AGolA thsol 8]
9, AL, B571H Fo| T
A9z AAegth. 2 & PRIt A s
AR 2y Agste] el sPEae A A

1 o mx

o T ofN

J Environ Health Sci 2014: 40(1): 000-000

F e R st Y PR Fdte] & 12
N sPEEA A Fa AR, S A7) AE(]
sk W7] AE), Al ’“EEXH EFel /A= (ol st
£ &gel), 2E)a W1EWE /s (elst W7l
gH]) FHoA swabHoll elete] ARE AFH
o dF 7 =(10x10 cm)E FH]ske] 2pH71e) A3
G AA S} HEF s S, & E5ole w7] g
o] A a2 #s Fie] Hohlo] EaAedds
7F € FaAgdel 0T AlE Sl e
3 BE =) V)9 IS IEEEte] ARSIk
o AFHE ABE2 WA A 234 ol
SA EAel ARSIt AR AFE A5E (62 St
<78 20)F ASF U ske-129 25l 47
37kl AA F3siaict

|

d

p

>-ll

L

2 NEMZ AE
AY FEOR AUk SPATEYE YA

B Y

o M

(eerobic colony counts), ¥4 QAR TR AYE
Fhda(tota coliforms) 2 g+ (E. coli)S
it YnbAlte ESdsMudgel wet 55
Skl #] (plate count agar, BD Difco, U.SA)YE A}
g3kl SAA GASA AR 1mAS FE
2] A (Petri dish)oll HE3lT WIS Ho] 35+1°C
ol A 48A|7F v FEtAATE AGE ekro] s Aul
£ F3t CFU(colony forming unit)® 3habek &
YeRH AT

TS Wt L RAT *&‘?3 o whe}
gdRste] 7ka7E WAlgE o /\] &+ FE AT
sl g oz gRlgk § H g (most
probable number, MPN)¢] %E E3 AZH 35
HeRth T Sl Al (lactose
broth, BD Difco), BGLBH®IA] (brilliant green lactose
bile broth, BD Difco), EMBgHd82] (eosin methylene
blue agar, BD Difco) ¥ ®-53Hd8]X] (nutrient agar,
BD Difco)s AMHEatd L, tidw 2ol ECHA]
(EC medium, BD Difcoyg A3ttt Sohddr
2 35+1°Coll A 4811 7F wiFetdon gt
44.5+1°Coll A 4817 vl <slsiTt.

AN

3. 21 2o 3 SAHXE
Ald A3 gist BA4 E£42 Minitab(R)
16.1(Minitab Inc.,, PA, U.SA)S o]&3le] 4351

http://www.kseh.org/



U THOYY MuHIol QAKBMT TA 65

ule Aol Bt 9l 4
multiple range test= Yy3IAUTE. BAZOZ F3
ztolE p<0.052 71FEC=E 13Th

1 detMgs 58 At
1) AEE v
37 AgH A dilFT =
A= Tables 1, 2, 33 7t} 52| =43
W= W7] AlEC|A 507 CFU, & &3]
A1 1,197 CFU, H7] WA= 176 CFU ©|3lHt.
A& A3 ubdFE W7 AECA 202
CFU, & &gololA 72 CFU, W7| #udAe 55
CFUCIIT. o]9} o] ofFHdle ALH B}y ¢
WAl SR R wgoH, AE, B &g,
H7) gy BT o527 ALH SR Alold f
ol xfo]7} A1 TH(p<0.001).

2 10 o

Table 1. Aerobic colony counts of toilet seats in summer

and winter
Sampling ste Summer Winter t pvaue
Male restroom
1 356193  316+47 041 0.687
2 386+113 630+180 1.18 0.258
3 202+230 272+119 020 0.841
4 335+134 625+170 134 0.229
5 3424137  62+22 223 0.038
6 654+92  183+60 4.29 0.000™"
Female restroom
1 551+183 110+35 1.88 0.078
2 8724280 119+151 3.10 0.007"
3 437+117  49+13 298 0.008"
4 200+52  182+39 029 0.776
5 875+380 125450 1.96 0.064
6 476+135 93+24  3.08 0.006"
Total 507458  202+24  4.99 0.000™

Vaues are the mean + SE., unit: CFU/ea, ": p<0.05, ~:
p<0.01, ™": p<0.001
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Table 2. Aerobic colony counts of faucet handles in
summer and winter

Sampling ste Summer Winter t pvaue
Male restroom

1 1521+357 102+52 5.03 0.000™"

2 55+12 42+15 066 0519

3 243155 49+23 310 0.006"

4 418+149 142+34 181 0.108

5 576£204 53+26 254 0.021°

6 255+35 81+30 3.80 0.001"
Female restroom

1 3,949+649 129+46 5.87 0.000™

2 152+41 6+2 234 0.035

3 211+86 65+26 185 0.082

4 353+152  63+24 267 0.013

5 604+136 66+20 3.90 0.001"

6 5637+2125 80+25 235 0.030°

Total 1,197+278 7219  4.16 0.000"

Values are the mean + SE., unit: CFU/ea, ": p<0.05,
p<0.01, ™": p<0.001

Table 3. Aerobic colony counts of toilet flush handles/
levers in summer and winter

Sampling ste Summer Winter t pvaue
Male restroom
1 3724103 183+286 139 0.184
2 133+43 43132 173 0.108
3 165+56 59+23 181 0.090
4 1,348+195 152+19 7.34 0.000"
5 23+11 5+3 133 0210
6 59+17 14+5 208 0.054
Female restroom
1 158+67 60+18 135 0195
2 45+21 612 178 0.096
3 218+130  41+13 163 0.124
4 149+72 71+16 156 0131
5 178+70 3+1 221 0042
6 34411 3+05 271 0017
Tota 176+30 55+10 4,05 0.000""

Values are the mean + SE., unit: CFU/ea, ": p<0.05, ™":
p<0.001
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Table 4. Aerobic colony counts of rest room samples in
male and female restrooms

Sampling Mae Femae

=
o
o

a
ab

300

200 b

Number of aerobic colony counts (CFU)
8
S

. t p vaue 0
location restroom _restroom Toilet seats Faucet handles Toilet flush
Toilet seats  354+32 344153 0.16 0.870 ' ) handles/levers
Sampling location
Faucet handles 250+45 9104246 236  0.019°
Toilet flush 154431 80414 239 0018 Fig. 1. Compari.son of aqrobig colony counts sampled
deevers it dfen e ee Sqafcnty it by
with different letters are signifi y different by
Toid 256422 453488 195 0.052 ANOVA and Duncan's multiple range test
Vaues are the mean + SE., unit: CFU/ea, ": p<0.05 (p<0.001).

Table 5. Aerobic colony counts of rest room samples according to facilities

Sampling location Public park Subway dtation  Educationa ingtitutions F p value
Toilet seats 410+55° 275+35% 347163 135 0.260
Faucet handles 714+62% 164+27° 966+339° 3.10 0.047
Toilet flush handles/levers 127+24% 158+35° 46+13° 4.73 0.010
Total 408+29% 193+13° 4831322 304 0.049

Values are the mean + SE., unit: CFU/ea, Means with different superscripts in a row are significantly different by ANOVA and
Duncan's multiple range test (": p<0.05).

Table 6. Aerobic colony counts sampled from various locations in the male and female restrooms

M/F Toilet seats Faucet handles  Toilet flush handles/levers F p value
Male restroom 354+32° 250+45® 154+31° 7.32 0.001"
Female restroom 344453 910+246% 80+14° 8.09 0.000™"

Values are the mean + S.E., unit: CFU/ea, Means with different superscriptsin a row are significantly different by ANOVA and
Duncan's multiple range test (": p<0.01, ™": p<0.001).
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Table 7. The numbers and percentages of positive samples
of total coliforms in the restrooms

Sampling Summer Winter
M/F .
location No. (%) No. (%)
Male restroom  Toilet seats 10(19.2) 4(8.3)
Faucet handles  9(18.4) 0(0.0)
Toilet flush
handesleves A0 364
Subtotal 23(15.9) 7(4.8)
Femde .
—— Toilet seats 5(8.5) 2(35)
Faucet handles  15(23.4) 0(0)
Toilet flush
hadeslevers 13 358
Subtotal 21(11.2) 5(3.0)
Total 44(13.2) 12(3.8)

Table 8. Load of total coliforms of the positive samples
in the restrooms

M/F Summer Winter t p value
Made 5504+3,604 19+15 2.88(28) 0.008"
Female 90+62 2+0.3 3.08(24) 0.005"

Total  3248+2101 11+7 2.91(54) 0005
Values are the mean + SE., unit: MPN/ea, ™ p<0.01
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