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AREMAR  BRTENBERRRBUKEE FARS » DIEKAKEIHRMALK
Ao BEGERAKPRENSHEZRARRZTRURREAVERARE ' KETR - HE
Rt s REE 80 27 AX 81 £ 6 Aik » ARVEEA 13 RE R AKBER » 6133
A~ PREBRR G REYREAETAE o KFE+HE 3 RRHESE Pseudomonas aeru-
ginosa » 5% 47 Enterobacteriaceae B R streptococci o AFFAEB AT ZARMESH
REBIE  VE SKEHEREY (423E Pseudomonas aeruginosa K. Streptococcus spp.)
ERRFTE » TEREES - SERERERBHEERE » DBE 8 REAREY » WA
AMEHEAE s £RISPFIBANTR2—& » £EH | RSB Shigella ~ Vibrio R
Yersinia S3JRE o 5A | REEEHMNESE 6 & {2 BRKFESBH (Pseudo-
monas aeruginosa ~ Acinetobacter calcoaceticus) » 2 fER#HEIGEE (Streptococcus
faecalis B Streptococcus faecium) o gall L7741 Pseudomonas aeruginosa X fecal

streptococci % T U {1 8 ik A KR4 5 8EH o
BRI : ARk » S $8EER » Pseudomonas aeruginosa » Fecal streptococci o

Microflora of Bottled Water Manufactured in Taiwan

Chao-Ling Lai*, Chien-Jen Chiou, Jan-Yi Wang and Hsi-Chin Ko

National Laboratories of Foods and Drugs,
Department of Health, Executive Yuan
161-2, Kuen Yang Street, Nankang,
Taipei, Taiwan, R. O.C.

ABSTRACT

Some of the drinking water sources are polluted in Taiwa. Microbiological
status and sanitary condition of the bottled drinking water and their sources
has not been studied. From July 1991 to June 1992, microbiology of waterso-
urces, processing and final products of thirteen bottled water manufacturers
were investigated. Water sources of three manufacturers’ were contaminated
with Pseudomonas aeruginosa, and five with Enterobacteriaceae and streptococci.
Pseudomonas aeruginosa and Streptococcus species were detected in the treated
waters of five manufacturers. Bottled waters of eight manufacturers’ were conta-
minated with some hygiene-related bacteria. Shigella, Vibrio and Yersinia species
were found in one product. Another one was contaminated with some predo-
minate flora (Pseudomonas aeruginosa, Acinetobacter calcoaceticus) and indicator
bacteria (Streptococcus faecalis, and Streptococcus faecium). It is our suggestions

B BAR AL 1994, 21(2) : 144 — 152.
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that Pseudomonas aeruginosa and fecal streptococci should be used as indicator
organisms for bottled water.

Key words: Bottled water, Indicator organisms, Pseudomonas aeruginosa, Fecal
streptococci.

Ail E

ERE 81 48 AN » BEKAKPREYZRAFEERIREABIEEE (coliforms) &
BRHERERBEAR 200 CFU/mIM? o (ki s RRRUMBEEBREZHERS o

1989 4 Bifulco R4 » ERMEFETE (Virginia) ¥5)44E (Preston) bESARH
Tk (ground water) & 60% &R KBHEEE (total coliforms) WBAXREHS (Environ-
mental Protection Agency) #%Ez 1CFU/100 ml» A 1/3 4% FAEEE BN EFERE
(fecal coliforms and/or fecal streptococci) » [FEBfth#xH Acinetobacter calcoaceticus
Sl o TRAKFEREAFBLMBERE o Schwaller® AR KRIEHMERBE AKX (bottled
natural non-carbonated French mineral water) » REE#£E 13 EMETRABEENE
' #5R%3#E 1.5X10°CFU/ml & 6.0x10* CFU/ml » T RIS K A K IR P8 4 B R A i 2 R
o IR BB F Bl E vk (Legislature)® » JE#pK R K (bottled mineral water) B4 4
BEERENEAH 4 (parasites) RFFEY (pathogenic) # &4 » ¥ 100 ml K RhR1E
BHIRE (fungi) ~ KBREE (coliforms) ~ KEEHEE (E. coli) ~ XRKE (streptocci) ~ Bk
BE (Clostridium spp.) ~ #&IBHEE (Pseudomonas aeruginosa) % o

T EBBESTERE R ARFARE KEEEHHT » HEERMAREC o RAKKEREKR

ZoMEREVE £EBEZEE » HBEERKAKNRT » DEER AR KK TSR
HIL © 1991 FHEAGRBHIEBRERENSE » BKRE 80 FETEZHMAKR BEKA KhRLEY
WEFEERBRTENFERAKRSEKAK » KEBRATRERNSERZHEER2D o

REMRENERDEREZ QRKAKZREY S BHRMENEHHY » BTAHE &
KEEER TR HESREELR » #2488 13 REEABKAKHTIR » BAR 82 K
REBERMESE  ERAHREBVRERER » DRHETEBMREESE » HiERETHER%KA
KEIRE » DMERREZRERS

moHE RS E

Lt ®
(I &:
mAEEME 13 RERKAKBER » S5IHBAR (BEBR s HAREEK) 2R (
RANRBEFEE) ~ R KES) RER (BEEERES) S8 Eﬁ*ﬁh#&lﬂ (&)
ERKBRZETREDZBBRETE o

(QI9}::3 - 23
LiFREH TR K : Petrifilm aerobic count plates (3M Health Care, MN., USA) o

2.RETEEZR - plate count agar (Difco Laboratories, Detroit, ML, USA) o

3AMARETHRGBUERE ' m-HPC agar® (Difco Laboratories, Detroit, MIL,
USA) o

4 KIRBERERL  M-PA-C  agar® (Secton Dickinson Microbiology Systems,
Cockeysville, MD., USA) o

SHEHRE LR L | KF Streptococcus agar‘'® (Difco Laboratories, Detroit, MI.,
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USA) o ,
(MDEBRRIEHRIFR ¢
LRGN : SARGHMAZENELTEERE ZREEBRS » FAAR 045/m Z
sBIEEE (Millipore, Rochester, N. Y., USA) o
2. pH meter: 691 pH meter, Metrohm AG, Switzerland o
3 MEER « Vitek 2 BENEDETEH (bioMérieux Vitek, Inc. 595 Anglum Drive
Hazelwood, MO., USA) »

IL 75 &
(1)Amiez i

FE4a8E ok P K BB T LUERIHY 500 ml BB (PP) $REUKH ~ p0R (REH) RR& (%
W) & 3MMmEEPLER o

(IRRHR .

HREELURE S 0.85%AHUK » (KKFERFIMBE 10° £ » WRKE LN
() ZE AR 2 AR -

B 100 ml EREZ 0.85%AHKMAZEHIRE 1 48 » WAL WHEZML AR
(V) SRR

R 1ml BEEZ 0854 RMAMANSS » el 1 48 DESHRHECARE
(V)RARBZNE :

Keha 2 MEAERS » ARFEKTZESERAARLRSEHHRE - REMILHRRR
KTEREZHE ATR 12 R3IZ=EHRETRARBZNE
LIFEIRE R Bk | W3R (Petrifilm) B BISIEE » AKRERE RTRK 1 ml
TR R o EHPBES  AUBREREE » FRESSIRE - SRR (RER 10° &
BER) SE3ER 5T (KR 2RSSR ~ ZHRHZ) » RRESHERE 30
B o HEIRERE 24 Rt U R 2 FEFRE—R SR o MARKZE R » BRARRHNISC
+0.5°C 3% 48+3 /B » SHEUEREAEEL 250 MU TZAEE%  FRERSEFZEEN
(CFU/ml) »
2 BRI | R FERE Y ROV ETRB R
3EBUARGTEE | KBERALTEREZ HEOGE
(VD&IBREZRE
f4## Brodsky & Ciebin'® Z B BRBETHRET o
(VD ZFEHEREZRE
FRERAILFHEGEZFEORE o
(MEBZEE : H Vitek 2AREYWETHET o

ERANSE

LkREHZAE

1538 Geldreich B2 s F 1961 = 1983 ERKFEHER Shigella ~ Salmonella ~ Camp-
ylobacter ~ toxigenic E. coli ~ Vibrio B Yersinia SHEZEL » MBS HARSE  EEHE
BRFETS o RIREE R A FERRAE Y S ESE Pseudomonas, FlavobacteriumR Acinetobacter
BB o IAFERIH S o AT KB RE R (coliforms) ~ #FHMIRE (fecal streptococci)
HERKEEE (Clostridium perfringens) S&GHEIEERE (indicator organisms) 9 o KA
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AR H S REKAKGHTE ZESE « GREENRARTER S BT » B THREERZN
%E 0 SR REMLIVE TS 0 A Vitek 2 B4 WETBBEENEE o

BRKAKBETGAEZEN  BEKRER  BREE R B2 - BRMER SR
FIBIMER—FUR o KEFTRBR ~ AR HRK 31 o BR IBMEHA 1 K EBEIAFHRAAEE
B AR ERSEE R ER A o (ERFKEA 3 BURFEH K H 0 BR Ink SuR ki

F— EEORKAKERAERER

Table 1. Production of bottled water in Taiwan

Manufac- | water sources | Height (m, above . Boitle b
turer Kinds of sea level) Treatment material Wash
A Spring 600 Sand—Active C—MF PVC | Treated water
UV—MF~—O,
B Spring 120 Sand—Active C—MF PVC | Treated water
UF—-UV~MF
C Spring* — Magnetic field—MF PVC | Treated water
—UF—MF
D Well water 30 Sand—Ion exc.—»MF PET Treated water
—RO— *
E Well water 100 Air exp.—Active C PVC TEGO-51
—Jon exc.—~MF-UV PET
F Well water! 50 Cl;—Sand—Active PVC TEGO-51
C—MF—-UV—MF
G Well water* 50 Cly—Sand—Active PET Cl;
C—UF—O0;s
H Well water 133 RO—lon exc.—Active PET Treated water
—UV—MF
1 Well water 180 Sand—Ion exc.—Active PVC TEGO-51
C—oMF—-UV
J Well water® 150 Cl;—Active C—MF— PVC Cla
uv |
K Well water 10 Sand—Active C—MF PVC | Treated water
L Tap water - Sand—Por. f.—Active PVC Cls
C—MF—UV—RO—
Distill'—UV
M Well water 100 Air exp.—Sand—Active PVC | Treated water
C—MF—-UV

*: Treated with sand (sand filtration), MF (membrane filtration, 0.2~0.5 #zm), Os (ozone
treatment), UF (ultra filtration, 0.005~0.1 #m), ion exc. (ion exchange), RO (reverse osmosis
filtration), air exp. (air exposure), Cls (chlorine treatment) or Por. f. (porcelain filtration,
0.1 zm).

: The bottles were washed with treated water, Cls or TEGO-51 (quaternary ammonium sani-
tizer).

: The spring water was conveyed by truck from water source to the factory.

: With chlorination treatment.

BRAA » EKAKZAKE » BB RESAEYSRE 200 CFU/ml IUF » it CRERHR
KR TR MR » TR ERR » 5 Re » AT R o HARER LEURL B RIS
KES » BEGHAIFREEKRAAZAR » BrhA SBURIEH 0 AERF M » KB ZHKERK
£ 6~1.1X10° CUF/ml 2/ » FRiSaeRA BTN » EH2488 82CFU/ml » THERE K
FRRHEZHBRETNRFTR o KFEFEEHSHKFESEA D E~1 KEFZ Pseu
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domonas BHE R CH2 Acinetobacter » 3vh D~E F1 K 3 BFMiH P. aeruginosa o Hx 15
N#E %l (Enterobacteriaceae) WyiiEiA A~B f1 H 3 BRETEH Serratia BME - 541 C
f1 E 2 BRUEEHMERE (Streptococcus spp.) °

K- KBEFREY TR

Table 2. Microbiology of various water sources

Manufacturer pH Bacterial count®* (CFU/ml) Identification of species
A 7.7 8 Serratia marcescens
Serratia plymuthica
B 7.6 120 Serratia odorifera
Serratia fonticola
c* 7.0 25,000 Acinetobacter calcoaceticus

Streptococcus faecium
Streptococcus uberis

D 7.5 1,050 Flavimonas oryzihabitans
Pseudomonas aeruginosa
E 7.0 105 Aerococcus spp.
b Streptococcus morbillorum
Pseudomonas aeruginosa
F¢ 7.2 82 Unidentified
G* 7.2 0 —
H 8.0 100 Serratia odorifera
1 7.8 250 Pseudomonas paucimobills
Je 7.5 0 —
K 6.5 110 Pastearella haemolytica

Pseudomonas aeruginosa
Xanthomonas maltophilia

L 7.6 0 —
M 7.6 6 Unidentified

*:. By plate count agar method.
: The spring water was conveyed by truck from water source to the factory.
¢: With chlorination treatment.

e L/ 4 s FEFTA 13 BiR+A 3 RIKERE AKHESE Pseudomonas aeruginosa s B
HASERK I AARZE Pseudomonas aeruginosa {ERIGHER (HBNERARBERETE) BERE
% o ¥ 13 BFHA S BMRECHAHEENEEMRERE » TRARZA ~ SREHFIFEFERE
HAEFERE R ABEHEFRREG R EE LRAER -

IL 23S REREN NBAER EYMEZ IR

Bai— B KIBIRE BB RS (BE—) » RBELRE  BTAFLER  RTTA
TTHE TR S B L2 gk » EREERRRP TR HEEY o RiE—PRBEIRKAKERER
i » REFRKIERER » YEELMEES  DE—PBRHRMNER o R="4 KEER
% KBREALEE 4 C E-H 1 L 4 B HME » BHE b KREEHZ MEER N 2
FIE > AT BIE 2 th K R M RS 2R o M HAVMIE A K IRTEEEE Pseudomonas aeruginosa
RIBISHRIGER Streptococcus faecalis % » HAR TR RRARFAICA » BRI B
W AR AR R SRERER « ERATRBEEETEETERREENFTRZ— » FIUTRD
WEMEBEFEE -
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Table 3. Microbiology of water after treatment

Manufacturer pH Bacterial count* (CFU/ml) Identification of species
A Y | 0 —
B 7.6 0 —
C 7.0 250 Enterobacter agglomerans
Serratia plymuthica
D 7.0 14 Unidentified
755 400 Serratia fonticola

Streptococcus faecalis
Streptococcus morbillorum
Pseudomonas paucxmoblllts
Pseudomonas aeruginosa

F 7.5 0 —
G 7.1 0 —
H 7.0 500 Pseudomonas aeruginosa
I 7.8 0 —
J 7.8 0 —
K 6.6 0 —
L 7.0 ND* Pasteurella haemolytica
Acinetobacter calcoaceticus
M Tl 0 —

“: By plate count agar method.
®: Not determined.

II1. B8 Bk VK B BOBS e 0 53 #

BB K KRR AR BB IR TR B S LS NI A A o AT B B 2 PR kR
BEMKAK » KEBIIEH LS o 4k Schmidt-Lorenz B3R » gk RAEHKAK » 55 M
XEH (BB ~HE - ERARMEHHSL - TIHEGH®RE D ME LA 200 CFU/ml 4
47.5% » REN LT Z B A KE — LT ERF 2 AR 00 o HBSR T ERARSEEER
AR » K% B0 BUE RIS SRR B B R th R B 2 FTAER K o

BRI A - 7 13 KA 5 MFE S ME » WIS R RS S IR TEE g R
Wz— o WA 2 AR HME o P ERR » TEAE ~ LRARBELME Pseudomonas
aeruginosa » PR HEE MAEES5E 618 » b 3R APELE (Pseudomonas aeruginosa

~ Acinetobacter calcoaceticus ~ Flavimonas oryzihabitans) » 2 fER1GAIEREE (Streptococcus
faecalis B Streptococcus faecium) o 7] B TR A4S BIEHREIAR » 5B WTAE I FVELS ~ BETE AN
BOBMBE B BB E LRI T DECREKF BRI, Flavimonas oryzihabitans » B
HEARR Y » EREFURFREBRT o TR EBAIRER » WSS REEER » N22E0E
BEMEBLRH o LBRFRELRRRRAIEGEH, Acinetobacter calcoaceticus » Fl SR ATEEH
REBSERERNZE - REBMBEETE » MASHELE ; HETH7EY » SHABAET LGS
LH—% » Hh A 2 8RB K EEE (Pseudomonas paucimobillis ~ Acinetobacter calcoaceticus)
s BRESHRYMRRE » IS A G5 RIESRARAN Shigella dysenteriae » FTREEBRERK
4Hy Enterobacter cloacae » B4HZ ~ RSB GEH Vibrio alginolyticus B | HERE SRR 4 B
MWK Yersinia pseudotuberculosis FFRE o BT BAEZ % » TR - HESE L
& HERENREIGERRANERE » T ESERAKNEER2REANEEES LE
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Table 4. Microbiology of the bottled water

Bacterial count*
Manufacturer Water ' Bottle , Cap

B | (CFU/ml) | (CFU/btl.) (CFU/cap)
A ND* 0 0
B 0 0 0
C 170 0
E 1,000 0 0
F 13 40 50
G 0 0 0
H 1,000 0 1
I ND* 0 1
] 0 0 0
K 0 0 0
L 4,800 0 0

|

{

i

|
M o | 0 4

|

Identification of species

Enterobacter agglomerans
Flavimonas oryzihabitans

Flavimonas oryzihabitans
Serratia plymuthica**
Serratia fonticola

Streptococcus acidominimus
Streptococcus faecalis
Pseudomonas cepacia
Chyseomonas luteola
Flavimonas oryzihabitans*

Streptococcus faecium
Streptococcus avium
Flavimonas oryzihabitans
Acinetobacter calcoaceticus
Pseudomonas aeruginosa® * **
Streptococcus faecalis**

Pseudomonas aeruginosa

Psedomonas aerugionosa**

Streptococcus acidominimus

Enterobacter cloacae
Pseudomonas paucimobillis
Vibrio alginolyticus

Yersinia pseudotuberculosis
Providencia stuartii
Acinetobacter calcoaceticus**
Shigella dysenteriae

b.

*

*: By plate count agar method.

Not determind.
Detected in water source.

**: Detected after treatment.

IV. e iR 7K BRI ~ PR SRR & MR A48

BERATAKFEHREREE 200 CFU/ml LITEM 77.0% 0 &8 200 CFU/ml BA &G
23.0% » W EEGRKEEEEAENZRAKKEEESE » KPR ARZRERBEESTE
X o KFRARBRTHAE231% » HhRE L BFKERARK » HERKFEH 0 oA In&H& 5
BRI AR o B ZEELUKHESSE Pseudomonas aeruginosa [JE—(L (23.1%) » Hdt
CHRERTTY » K915 61.5% o AFRERAZIRE » FICEH - ARBSIREZER (P>005) -0
A5 MM 2 B AR LEEK o LU Streptococcus faecalis TiE » KFS 0% » FBBEEMES 7.7%

) AR BE IR INE 154% » Shigella dysenteriae s1/KIRf) 0%BFEEEEKNI 7.7% o LRI »
METEEAERRNE  RENRBEGRAKZELRE o IRk KZHEEE s RTKRLF
HEtAKZEmAEBEN » B TR EETETRMEBNE  (ERHEBNER - A AERZ
FERBETKE » PRSERRBZEEHEEER » oM E AR BERR o BT L 8 gk A KM
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AR E RSP EEE BN 200 CFU/m] » ERRUREEHBEEZ LS o MEUKHESE Pseudo-
monas aeruginosa {FRISER » TEENMERHEERE TR 5 Ll fecal streptococci fFR
BIEHRAES > TANETRREAEEA  SHEFL o kit » ERITEKRRE R EEERERYE
 (EREEKAKEEEEZHEEA L EmDER -

FH BEHKAKZKE - LRREKRZEEHHE
Table 5. Bacterial count and microflora of the water sources, treated
waters and bottled waters

Percentage (%)
Microflora T R
Water sources Treated waters | Bottled waters
Bacterial count (CFU/ml)
0 23.1 66.7 50.0
1~99 15.4 8.3 10.0
100~199 38.5 0.0 10.0
200~500 7.6 25.0 0.0
501~1,000 0.0 0.0 20.0
>1,000 15.4 0.0 10.0
Acinetobacter calcoaceticus 7.7 7.7 15.4
Pseudomonas aeruginosa 23.1 15.4 231
Serratia odorifera 15.4 0.0 0.0
Shigella dysenteriae 0.0 0.0 7.7
Streptococcus faecalis 0.0 77 15.4
others* 61.5 23.1 53.8
*: Aerococcus spp. Serratia marcescens
Chyseormonas luteola Streptococcus morhillorum
Enterococcus faecium Yersinia pseudotuberculosis
Flavimonas oryzihabitans Vibrio alginolyticus
Pseudomonas paucimobillis Xanthomonas maltophilia
L %
A EERARE LA EIENERRIT o Rt o
2 £ ¥ K
1. REFPRERER (1991) GEEKAK o hERBRRELE o #8058 12852 K3 N 5228 o ¥ ER
REBHER o Edt o
2. REXRRERS (1991) FRA (E0L) o FRERELE o 5% 12700 » 5% N 5225 i2
I SN o Z o

3. Bifulco, J.M., Shirey, J.J. and Bissonnette, G.K. (1989) Detection of Acineto-
bacter spp. in rural drinking water supplies. Appl. Environ. Microbiol. 55: 2214.
4. Schwaller, P. and Schmidt-Lorenz, W. (1982) Enumeration of bacterial colonies
in natural, non-carbonated, bottled mineral waters. II. Colony counts in 4 French

mineral waters. Comparison of official and other methods. Brauerei-Rundschau.
93: 25.
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