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ABSTRACT

In recent years, there has been an increase in consumer demand for bottled waters. There is a perception that
consumption of natural mineral water represents a healthy life style and that these products are relatively safe.
In this study, the microbiological quality of 39 samples of bottled water, purchased from retail store in Korea,
was investigated during the 2005. Applying pour plate method, the 1 mL of water samples were analyzed for
the presence and enumeration of total general bacteria and Pseudomonas spp.. Nineteen samples representing 9
brands of bottled water contained general bacteria (1.54 x 10 CFU/mL). In addition four samples contained
Pseudomonas spp. and Comamonas acidovorans. The susceptibility of the strains tested against 25
antimicrobial agents, Pseudomonas fluorescens were resistant to Lincomycin, Amoxacilin/Clavulanic acid and

Cefazolin (> 100 pg/mL). Also Comamonas acidovorans were intermediate to Cephalothin and resistant to

Cefoperazone.
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g ool B gtol 7]l AMlAEe) ARt wRSE Az} ARE BEsy] A A
ol 23 Az Aolt} (Park, 1979; Mavridou, 23 2gjolgtn & 4 gloh
1992). ol#fst AmlAEe] £5% §7o) w2t 4 Hegde YoM JE g A3 71FE 9
& o B ool &pst 22 Tt Bl $F AAE FHE pAsa sled He ARS
3k slew, 4 ZIgAlME ol2d T2l A shit WS e Aske, £35 5 A A
F3ted A Moz 7 Az AF AS A% AT £ e AdAH AR 2
ol 75, WAL glor, webd, B el & B AE S Hed AYsES Az
£ olET e AES] v BHE 7l ol & S W’ R AR, 1999). o3 B AE
J1-

oA A=A AAF npAs}r] fsted $AVNES
HER s oladg (HdeEsdrEY
ZAARso Ast 3], 2002).

Hege ZFH] e HAES A
22 FAHL o2 nlAER ¥ 4n|AES
Aol g AFAE m el WAE] Ajtelrt
) Ee 27 JP FH s A gl
o3t Aoz HApHoz B o B AH3jxHo
Alzte] diffRz WS 494 AGHE WA
317] el x, AAldle 42l Agwe] A
o] ZAHA k3 e AA el (H &, 1998).
B AES AESPY HAAEY AAY 248 4
gted oJudt Helo 4o%x F 4 glomz A}
oFe] dAg A7) A £5stn ney 42497
23 24 ¥ ookl dlr)(Tobin, 1984). 14| =
Eetar, 2R A7 BuBe oFH AFEA
oke W= MBo|A Pseudomonas spp., Escherichia
coli (E. coli), Staphylococcus spp., Comamonas spp.,
Campylobacter spp.2t AX|e] Mycobacterium spp.
ATES 2E ok} §UATe ZHHe] ot
= AR o] galE7| = 3¢t} (Rosenberg, 2003).

B T 29 HATU AT o7
t 8 A el e S4ES AU e
A, o AES SaE] gl setEane g ¥
A& oz o EA3bH, =3 M2 FHAH A
v R{BAe A= gl B&e] HF FE
2 /T AA BAdEES o Ss)7) ekl
=3t Hdwe U e AEE vREY ¥
AR ohzt Q78] WHRge = A ukE
e (A E], 1998).

Fe] HE AEY £3 7[E e a3 2
71Eo s ZAAHE AR, B4 A A
R o9 Aig kS BAEedH Sl
E 4 olem, 53] uAEe 3% £2 NES
e AL B8 53 AgsEe 3

o kI M a2

o] &% PUAZNEEH e, W B& YE
Auo]A] el HE #AIZE HF o & A
g, =F 79l A HAdAE 23 o=
9lt}. Pseudomonas aeruginosa®) 73-$-dl= B2 o
o & MY Wi A I 24 A==z A
Ad BollMe fA A=A gy ey 59
9] 7fell= AREHE= B AE FAY 45%lA]
t}ok&t Pseudomonas spp.7} 2&|Eg=d, 1 & 2
22 127 FAAl A 1= WS epg]
t} (Ravaoarinoro and Therrien, 1999). Pseudomonas
aeruginosa’= Y AapAtel| Al leAX FEE 4o
ZA 4 oy 713 Aedez, He g ol
7 Aol AEdHd Alzxst AujE 4AF
4= A =} (Jayasekara ef al., 1998). 221} 2y
o] A9 Hx MBS A3 A3} Pseudomonas
fluorescens, Pseudomonas stutzeri, Sphingomonas
paucimobilis, Comamonas acidovorans, Xanthomonas
maltophilia Y Pseudomonas spp. 53 22 M5
o] WA= ¢t} (Mavridou and Papapetropoulou,
1994). =3t =W AFS] A= At Aol
ImL EHZEAA 104n}e] 2E7H4] A& HN L,
SHE B2 $UFY At 4wt Aol
103v8] +F71A HE2H7I= st (A @n,
1998).
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AL Bl AE 2dElc 2 o]Re]Al & (67 AFRY
polyvinyl chloride (PVC)yel] 271 AFE 398 & ¢
aslgeln Fskd ol iE Q78 S5
o}, =3t gul A 7e] A& $)8)e] Nutrient Broth
Agar (Difco, USA)E AHg-3te] Al E3Ae] UnbA]
A 2 AR Al Toed sk

Qb AT 4 24 9Asted 48 R TeA
23 me AEE FIULAN FEHoz 7H
23} & 271 ¢ D7 petridishol} 22 1 mL4 235
8}a1, oJ7]¢| Nutrient Broth Agar 20 mL-& H-o]A]
A 4o] 28 Fol, 351 1°ColA] 48417F Bt wio}
st A== A (colony) 8
Forming Unit (CFU)/mL 2 J}ehfgle}

g 58 o

ol

2. Pseudomonas spp. 2|7

=5

% 39709 HE AE F dul Mol AEH 19
7}]-/] sampleZol| A Z+7} 100 uL=S Pseudomonas
isolation agar (Difco, USA) wjA] 27]el] =2a},
354+ 1°Cel A 48212} Bk wjoFat %, Ao A
2 A £F MM He HE 1mL 3 CFUR
e it

HE AEA 22H 19719 #5575 HEF
BAgke 92)8}ed VITEK kit (bioMerieux Vitex,
Tnc, USA)S AHi-she] S shelet

3. AL HiX| I Alet

e Agen 2R A7 FAA e
ZA35l7] 43 wlX &% Nutrient Broth (Difco,
USA; NA) Agarg AHE3Ict 4 A3 94 5
5= (Minimum Inhibitory Concentration, MIC)E 2
Asl7] 93 YA E2E Amoxicillin/Clavulanic
acid (Il Sung, Korea), Ciprofloxacin (Ildong, Korea),
Gentamicin (Kukje, Korea), Cefazolin (Yuhan,
Korea), Lincomycin (Yuyu, Korea), Cefotaxime
(Handok, Korea) ™ Meropenem (Yuhan, Korea)&
AHgstaler, Al Hxz gFabyg (Disc diffu-
sion® ol 8% ey FHE AT PYAE
Amikacin, Penicillin G, Vancomycin, Erythromycin,
Amoxicillin/Clavulanic acid, Aztreonam, Cefepime,
Cefoperazone, Cefotaxime, Ceftazidime, Cephalothin,

Ciprofloxacin, Gentamicin, Imipenem, Piperacillin,

Aol Colony .

Tobramycin, Trimethoprim/Sulfamethoxazole,
Clindamycin, Doxycycline, Oxacillin & Tetracycline
{(Becton, Dickinson and Company, USA)Z o] F¢]
A % 0559 damg g 44 Ane
Z Ao}

4, %A ME AH &% (Minimal Inhibitory
Concentration Test, MIC)2| &H

Z7o] A E ALL3}e], NCCLS (National
Committee for Clinical Laboratory Standards, 2003)
o] whdel web 2Al wiA] Yoz MICE 53
stk MICO] &4 A8 A wiz] 34l
s Hat wizloll AFate] AAFIHT (LeClercq
et al., 1988; Olsen et al., 2002; Song, 2002). 2 A1
oA Al&3F A 2= Amoxicillin/Clavulanic
acid, Ciprofloxacin, ‘Gentamicin, Lincomycin,
Cefotaxime, meropenem % Cefazoling A}M-319
ok ®A, 7 FAYA L] = 2uH DA Mo 3
A A7 Fell, & FAAE NA agaril] Ao Jx
plateo]] XA ZFHo} Bl #3FE NA Brothol
A ARFAZ F, o5 AT e HNA
A 10*cfumLe] HEF zAslew, o]8 MIC
244 hoz Agsge #HE 4 FYEL
747re) SIAAE sl plate 2o 0.05 mLA
=R} STCAHA 4B S BT Ak
o] WAE A ok plates] Ar|gF sFAYA L] Ha
E=E MIC=Z A3t e} (Lim and Yun, 2001).

Z oo

1. M MEBe| Uit MF U Pseudomonas
spp. 2% &d

T AfAA F 39709 W BB mAE 2
dqE zzqﬁ}?d‘:} % 487% (1970)2) H= AE
ol A& 1.54x 10°CFU/mL o] 49 ¢4 =7} et
I:]-(Table DAY 295 295 sample?] &

a PR 2 e oo

Z 39709 HE e F Al AlFe] AEE 19
7§9] sample& Z}7} 100 uLE Pseudomonas iso-
lation agar (Difco, USA) v Z] 2/0e] =233, 35+
1°Col| A} 48A12F F<t whoFst &, iAol PAJE =
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Table 1. Mean number of microorganisms from bottled
water at different brands

Microorganisms (CFU/mL)

No. of in the contaminated
Bottle Test  contam- bottled waters
water bottles  inated
bottles Time
24h 48 h
Bl 3 3 0 256 (166~417)*
B2 4 3 0 709(0~ 1,540)
B3 5 0 0 0
B4 6 0 0 0
B5 3 3 0 1,703 (1,360 ~2,300)
B6 2 2 0 294.3 (243 ~335)
B7 2 0 0 0
B8 1 0 0 0
B9 2 2 0 7,130 (5,630~ 8,630)
B10 2 0 0 0
Bil 2 2 0 278(90~526)
B12 1 0 0 0
B13 1 1 0 4,320
B14 3 2 323.3(970) 1,261.5(0~1,540)
BI5 1 0 0 0
B16 1 1 1,760 4,520
Total test
bottle 39 19 2 19

*The number of the least and the most CFU in the contaminated
bottle water.

g5 Aol W 4% ImL % CFUZ el
t}(Table 2).

29 6759 A WA f3S =AM 2
7}, Bl4oA] Ba5 Pseudomonas fluorescens
Cefazolins| M ¥-2 (> 100 pg/mL) A& Vel o
o, =3} B16o| A B2]¥ Pseudomonas fluorescens
= Lincomycin, Amoxacilin/Clavulanic acid l
Cefazolinol)| A &2 (> 100 ug/mL) WA & Jeplgd
o}. 2=y Bl Bl13dx] E&l® Comamonas
acidovorans$} B6 & Blle|A] 2&]l® Gram neg-

Vol. 21, No. 3

Table 2. Number of Pseudomonas spp. growth in test bot-

tle waters
No. of Pseudomonas spp.
Bottled Test . (CFUmL) in the
contaminated :
water bottles b contaminated
ottles
bottle waters
Bl 3 0 0
B2 3 0 0
B5 3 0 0
B6 2 0 0
B9 2 0 0
Bll 2 0 0
BI13 1 0 0
Bi4 2 1 150
B16 | 1 20
Total
test bottle ? 2 2

ative bacilliz =E Al 7hpAdE ebslch
(Table 4).

Table S T2 Aol I3 Al A
Z2z) ZA#}o|tt Table 52} #Zo] Gram negative
bacilli= 147}219] Aol Astod Gt & viek
J¢gle}. Coagulase negative Staphylococcus®] 73-$-
Erythromycin®} Penicillin Goll WA & Jeligd e
v 2 99 dgAele BF A4l Ao v
ERste).

B149] Pseudomonas fluorescensi- Amoxicillin/
Clavulanic acid, Aztreonam, Ceftazidime % Cep-
hatothinel] WAl& elglew, Trimethoprim/
Sulfamethoxazole ¥ Cefotaximeel]| &= ¥-2- H{*é%
el gdet B162] Pseudomonas fluorescenss
Amoxicillin/Clavulanic acid, Aztreonam, Ceftazidime,
Cephalothin, Cefotaxime 4 Trimethoprim Sulfamet-
hoxazoleol] VA& Vellg) o, Cefepimeol] = ¥-
2 WAE depl R

B13} B132] Comamonas acidovorans T2 At
43 25 Ao S vehlislent, B169)

. 2, O

Comamonas acidovorans o5 Cephalothinel] -
2 Y| A-&, Cefoperazoneoll = WA-E Vel S+
Pseudomonas spp.2] 4 48 94 ¥=F &
Z3}7] 438k Pseudomonas isolation agar (Difco,
USA) IRl A e g % LA
o A4 774 FRAA R MIC FA3 A, S
FF 2% Ciprofloxacin? Gentamicinell 73441
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Table 3. Microorganisms in the contaminated bottled waters
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Bottled water

Isolated bacteria

Test bottles

No. of positive

Bl Gram ( -) bacilli., Comamonas acidovorans 3 2
B6 Gram (~) bacilli 2 1
BI1 Coagulase (=) Staphylococcus, Gram (-) bacilli 3 2
B13 Comamonas acidovorans 1 1
Bl4 Pseudomonas Fluorescens 2 1
Bl6 Pseudomonas Fluorescens, Comamonas acidovorans, 1 3
Coagulase (-) Staphylococcus
Total 12 10
Table 4. Antibiotic Resistance Patterns of Microorganisms isolated from bottled water
MIC (ug/mL)
Bottled water Species
CIp GEN LIN CTX MEM AMC CFZ
Bl Comamonas acidovorans <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
B6 Gram (—) bacilli <005 <005 <005 <005 <005 <005 <005
Bl Gram (-) bacilli <0.05 <005 <005 <005 <005 <005 <005
B13 Comamonas acidovorans <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Bi4 Pseudomonas fluorescens <0.05 0.4 50 25 0.8 100 >100
B16 Pseudomonas fluorescens 0.1 0.4 >100 25 3.1 > 100 > 100

CIP: Ciprofloxacin, GEN: Gentamicin, LIN: Lincqmycin, CTX: Cefotaxime, MEM: Meropenem, AMC: Amoxacilin/Clavulanic acid, CFZ:

Cefazolin.

Table 5. Antimicrobial Susceptibility test of Microorganisms isolated from bottled water

Bottled water Species Susceptibility Intermediate Resistance
Bl Gram (~) bacilli AMI, AMC, AZT, CPM, CFP, CTX, SXT
CAZ, CEP, CIP, GEN, IMI, PIP, TOB
Comamonas AMI, AMC, AZT, CPM, CFP, CTX, TOB
acidovorans SXT, CAZ, CEP, CIP, GEN, IMI, PIP
i AMI, AMC, AZT, CPM, CFP, CTX, CAZ
B6 Gram (-) bacilli CIP. GEN. IML, PIP, TOB CEP, SXT
B11 Coagulase () AMI, AMC, CPM, CFP, CTX, CIP, DOX ERY. PEN
Staphylococcus CLI, OXA, TET, SXT, VAN >
Gram (-) bacilli AMI, AMC, AZT, CPM, CFP, CTX, SXT
CAZ, CEP, CIP, GEN, IMI, PIP, TOB,
B13 Comamonas AMI, AMC, AZT, CPM, CFP, CTX, TOB
acidovorans SXT, CAZ, CEP, CIP, GEN, IMI, PIP
Bl4 Pseudomonas AMI, CPM, CFP, CIP, GEN, IML PIP, OB CTX,sxT  AMC AZT, CAZ
Fluorescens CEP
Ble Pseudomonas AMC, AZT, CAZ
Fluorescens AMLI, CFP, CIP, GEN, IMI, PIP, TOB CPM CEP. CTX. SXT
Comamonas AMI, AMC, AZT, CPM, CTX, TOB, SXT CFP CEP
acidovorans CAZ, CIP, GEN, IMI, PIP
Coagulase (-) AMI, AMC, CPM, CFP, CTX, CIP, CLI, ERY. PEN

Staphylococcus

DOX, OXA, TET, SXT, VAN

AMI: Amikacin, AMC: Amoxicillin/Clavulanic acid, AZT: Aztreonam, CPM: Cefepime, CFP: Cefoperazone, CTX: Cefotaxime, CAZ:
Ceftazidime, CEP: Cephalothin, CIP: Ciprofloxacin, GEN: Gentamicin, IMI: Imipenem, PIP: Piperacillin, TOB: Tobramycin, SXT:
Trimethoprim/Sulfamethoxazole, VAN: Vancomycin, PEN: Penicillin G, ERY: Erythromycin, CLI: Clindamycin, DOX: Doxycycline,
OXA: Oxacillin, TET: Tetracycline.
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Table 6. Antibiotic resistance patterns of Pseudomonas spp. isolated from bottled water

Typical colony MIC (ug/nl)

CIP GEN LIN CTX MEM AMC CFZ

P-35-A <0.05 0.4 >100 25 1.6 >100 >100
P-35-B <0.05 04 > 100 25 6.25 > 100 > 100
P-35-C <0.05 0.4 >100 25 31 >100 >100
P-35-D <0.05 04 50 25 3.1 >100 > 100
P-39 <0.05 0.4 > 100 25 3.1 >100 > 100

CIP: Ciprofloxacin, GEN: Gentamicin, LIN: Lincomycin, CTX: Cefotaxime, MEM: Meropenem, AMC: Amoxacilin/Clavulanic acid, CFZ:

Cefazolin.

& vehfigl ot Cefotaximeol:= %7 WAS
el ¢l 2, Amoxacilin/Clavulanic acid @ Cefazolin
A &2 (>100 pg/mL) WAL el
Meropenem®] 73-¢ P-35-Bato] H.E YA (6.25
ng/mL)& epH i} (Table 6).

i)

]

2 A4Fe AAAA Ae AR 49 Z1s
Gael T we A 47 2N o
(Olsen er al., 2002) ¥ Mg =9 gul NG}
Pseudomonas spp.2] 28 A=} o]lE 2PYHEL
YA WA H1F ebxlsh=d 2 5A-e] gl
el A 20053 AlHE H BE 167) A
o diFshs £ 3909 W AEL] dut AlFe
FxE AT A3 1 F 48.7% (1971 H= A
FoME 1.54x 10° CFU/mL o]4F2] e.9i=7} o}
Epdon, o] AR HE=ELAT|EUPAE
NBVFA 2 AT 24 717 T LA
T 20CFU/mL-& 233ty ok (Heea17]E
WA Aol AZHF-2), 2002). Pseudomonas spp.2] 73
$ F HE AE 7]FAME EHZUAT B
drelA T2 At AlFel AEE 19719 HE
M2 Pseudomonas spp. & ZAVEF A3} 271x] A
A Pseudomonas spp.7}y A&l AA7A,
Pseudomonas spp.2] A& A 2x B, Aud,
5, A9l Zgs 9 oo)Fe 22 Fu) A=
ol dR B MEdME Bad upt e
(A&, 1998), o]23 A &S wIAtel el
Agelx WdFAE FF=dle] o Mo 294

7VsAde A3 A A3 Az oA AR
Blo] zpdgk o071 axtEl.

Ak Algg Eeldte] AT 23 Gram nega-
tive bacilli®} Coagulase negative Staphylococcus,
Comamonas acidovorans R Pseudomonas fluo-
rescens7} BE Yt L F Comamonas acidovo-
rans= o)Al Pseudomonas acidovorans2. £
Hodx vaAde g a% SAFo=, o¢
(otitis), A1) =2}+ed (endocarditis), Z}2H4] oF (corneal
ulcer) @ ) & = (septicaemia)2 QW] ez o
o7)= wYFow 2alx glch(Tobin, 1984). wat
P4 Alazry Felg 329 73 aminosidess}
quinolones, B-lactamA] Aol # 34L& el
+ 7o = o=z ¢lv}(Malouin and Bryan, 1986).

Hi= AEAAM EEslz A% Comamonas
acidovoransell 43 3FFEo gt A 7
A AR1E AT 2, 295 14714 A
o ZpAe deplgiev, B16 AelA F2l¥
@5 Cefoperazonedl = H-8 A& vepfigl s,
Cephalothind| = WAI& Jeh)gdet. =3 Coa-
gulase negative Staphylococcusdl| 43= 205+
Penicillin G} Erythromycine]] A& vjehfigle
=, B6 A=A £e]% Gram negative bacilli:
Trimethoprim/Sulfamethoxazole?} Cephalothine]]
WS veh et

B142) Pseudomonas fluorescens’= Amoxicillin/
Clavulanic acid, Aztreonam, Ceftazidime 3 Cep-
halothine] WA-& vehd¢l o™, Trimethoprim/
Sulfamethoxazole, Cefotaximeol| = B2 A& v}
el gl B162] Pseudomonas fluorescens=
Amoxicillin/Clavulanic acid, Aztreonam, Ceftazidime,
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Cephalothin, Cefotaxime @ Trimethoprim/Sul-
famethoxazoled] WAl-& el ) o, Cefepimeel]
E £ WS vehide

Pseudomonas lsolation Agarell A 2z ¥
Pseudomonas spp.oll 431= 5752 A HA
oRg =A% A3} Ciprofloxacin® Gentamicinel]
= Z4pAS e AL, Cefotaximed| = 71
WAS el 3, Amoxacilin/Clavulanic acid 2
Cefazolinol| A ¥-& (> 100 ug/mL) YA-& el 9l
t}. Meropenem®] 73-9-of| = P-35-B Tlo] 25 jA]
(6.25 ug/mL)& Vel glet

weba) FelM A% B U8 Jme] 2 A
Eol 4ul Al 34 78RS 293k 9lsleH,
AEFAME == Pseudomonas spp.7t ZEH
71= stdet =3 B AEelr Feld dut A
T Y Pseudomonas spp.d| A= D A e o
g FE g 2 A e] dehrl= s ol E
B3t oA AlfEE dF Abxe] Hie AE
o] o] gt xofAvt WY APIAT S5
7)ol AghelA] ok o= iehdy] i,
ololl gt A Aty 7hslE] o] oF 3L, A2y
A5 Hep 2P Forl deg Aoz Alsd
o},

13
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