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Table 1. Present regulation of bacteriological limits for bottled water
of the source and the products

Parameters Source Product
) 20 20 cfwim! 100 cfu/ml*
Heterotrophic plate counts .
3¢ Sctwml 20 cfu/m/*
Coliforms 0/25 Oml 07250 ml
Fecal Streptococci 0250 m! 0/250 m!
Pseudomonas aeruginosa 07250 ml 0/250 m!
Sulfite-reducing spore forming anacrobe 0/50 ml 0/50 ml
Salmonella 0250 ml 07250 m!
Shigella 0/250 ml 0/250 mf

*tested within 12 hours after bottling, in a condition maintained at 4°C.
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Table 2. Methods and composition of media for analyzing P. aeruginosa in water

Methods Composition of media

Asparagine-Acetamide (A-A)  Asparagine broth

DL-asparagine 3.0 g, Dipotassium hydrogen phosphate 1.0 g, Magnesium sulfate heptahydrate 0.5 g, Water 1/

Acetamide Broth

Acetamide 10 g, Sodium chloride 5 g, Dipotassium hydrogen phosphate 1.39 g, Potassium dihydrogen phos-
phate 0.73 g, Magnesium sulfate heptahydrate 0.5 g, Phenol red 0.012 g, Water 1/

m-PAC - Milk agar (mPAC) Modified mPA(mPAC) agar

L-lysine HC1 5 g, Sodium chloride 5 g, Yeast extract 2 g, Xylose 1.25 g, Sucrose 1.25 g, Lactose 1.25 g, Phenol
red 0.08 g, Ferric ammonium citrate 0.8 g, Oxoid agar(no. 4) 12 g, Magnesium sulfate 1.5 g, Sodium thiosul-
fate 5 g, Kanamycin 8 mg, Nalidixic acid 37 mg, Water 1 /

Milk agar(Brown and Scottoster Modification)

Mixture A: Instant nonfat milk 100 g, Water 0.5 /

Mixture B: Nutrient broth 12.5 g, Sodium chloride 2.5 g, Agar 15.0 g, Water 0.5 /

Drake’s 10-Milk agar with
cetrimide (D10-M)

Drake's medium 10 (Asparagine broth with ethanol)
DL-asparagine 2 g, L-proline 1 g, Dipotassium hydrogen phosphate 1 g, Magnesium sulfate heptahydrate 0.5

g, Potassium sulfate 10 g, Ethanol 25 m/, Water 1 /

Milk agar with cetrimide

Skim milk powder 100g, Water 0.75 /

Cetrimide 0.3 g, Agar 15 g, Yeast extract broth(Yeast extract 0.75 g, Peptone 2.5 g, Sodium chloride 1.25 g,

water 0.25 )

Drake’s 19-Milk agar with Drake s medium 19

cetrimide (D19-M)
Milk agar with cetrimide
(same as mentioned above)

Peptone 20 g, Ethanol 25 ml, Potassium sulfate 10 g, Magnesium chloride 1.4 g, Cetrimide 0.5 g, Water 1/
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Fig. 1. Percent noncompliance characteristics of cach bacteriological parameter* in source water (a) and bottled water (b) (*HPC(22°C)=
heterotrophic plate count grown at 22°C on R2A media; HPC(37°C)= heterotrophic plate count grown at 37°C on plate count agar media;

SSA=sulfite-reducing spore forming anaerobe).
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Fig. 2. Comparison of detection methods by relative recoveries of
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Culture media

. Asparagine Acetamide Drake’s10 Drake’s19 Milk w/cetrimide
Tested Strains
P, aeruginosa, an bottled water isolate (+) pig.* (+) ) +) )
P. aeruginosa ATCC 10145 (+) pig. +) ) () ()
P, aeruginosa ATCC 27853 (+) pig. (+) (+) ) )
P, aeruginosa ATCC 29336 =) (+) =) NG -
P, fluorescens ATCC 948 (@) -) =) =) )
P, fluorescens ATCC 17397 -) =) =) -) =)
P, putida ATCC 17433 (+) pig. +) =) ) ‘ )
P, putida ATCC 12633 =) =) ) =) =)

*pig.= typical pigment of P aeruginosa in asparagine media
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Table 4. Sensitivity test : the minimum cell levels to be shown as positive reaction

P aeruginosa (an bottled water isolate) Inoculation level” 67000 6700 670 67 6.7 0.67
asparagine (+)(+) (+)(+) H+) () (+)(+) =)=
Drake’s 10 ()(+) (+)+) ()=) (=)= =)= =)=
Drake’s 19 ) () ) (+) ) =)
P, aeruginosa ATCC 10145 Inoculation level” 27000 2700 270 27 2.7 0.27
asparagine (+)(+) () H)=) (+)(+) () (H)(=)
Drake’s 10 (H)+) H) () (M=) =)-) =)-)
Drake’s 19 () ) () () =) =)
P, aeruginosa ATCC 27853 Inoculation level” 14000 1400 140 14 1.4 0.14
asparagine (+)(-) (+)+) (H)() () ()(+) (+)-)
Drake’s 10 () ()(H) () (H)(+) (=)= ))
Drake’s 19 () ) ) () =) &)
P, putida ATCC 17433 Inoculation level” 50000 5000 500 5 0.5 50
asparagine () (1)) () ()(+) =)=) =)-)

“(unit:cfu/ml), on Trypticase soy agar

Table 5. Biochemical characteristics of P aeruginosa and related species

Test strain Casein hydrolysis ~ Fluorescence  Pyocyanin pigment (Millfi ;;r W(/"jégt\::r?lide) 42"(CT(S]g))mh
P, aeruginosa (an bottled + + — + +
water isolatc)

P aeruginosa ATCC 10145 + t + +

P aeruginosa ATCC 27853 + —+ + + +

P, aeruginosa ATCC 29336 - - + +

P, fluorescens ATCC 948 NG* NG NG NG NG

P, fluorescens ATCC 17397 NG NG NG NG NG

P, putida ATCC 17433 NG NG NG NG NG

P, putida ATCC 12633 NG NG NG NG NG
*NG: No Growth

oo of =t 5ol Fadel AYHEM 71%H, AR Bl 7
& 7Fs s H S st Aok

WA dds B4e) 542 w40 s dedstal o AR it HeAlE Al dideta v R
o AA= ?”Wo] w, HEte] 4E Aol 249} a4

_s

Adske den iRl 49 W4 Adgee W A4A Fashl

RoRs el fefehes B4 09 Ho W ASk £ A wsleh e APl An, BAPIYE diETol R
Hehe ARATolth, TG BAWE 1 Ropel Herle  AUTHAH HAHOR VUK FUHA 21 = Aol
o) W SEg MYSIEE WHE AMSAL ARE 7S ok SelaE SEEs 1995 ko] HENE 68 i
Ag5par AY, ughel S ATk 7B BEA ek WEAFREe) dBoRA H7Ho BAsH HRE 98
Fi GRozA, Aze) T WAES W e B 2 slke] wel Esiel AR Azl Aol Hyiol
olglort, Wil B4 o) dIFTol obd BV Eo] XY obd ThE fikitg o= WET Aol Jenw ol
of HuHWA, FUY NFTE WIT BAPEOR Mrsls  HEsl] Peks Aabe dolg vz Weggdie wy
R, A% olF 7t 1) Rabiulel Ad Ase) A el elvlsh Mmtﬂoﬂ W 9718 SR =0k

Hel L Aggel Weislw Itk FARADIAN 222 2 FHolN ARE ATHPEAATNA AR T v
Qe WANeR At RAUAS Aok Ul 4 ol BHow 19 ow B 34 And ojakd WA BE
4 QA BEHI Tk Lol A ol HR) S o] iR CEOR A% UEt: BHOT vehte



Vol. 36, No. 3

o ANl HEggele] 4E WEE 1% JEGT S
T2 7134 BYFo| N He Bl e BYwt o2 A9 oy
HEhe el Al Ael A9 aEE AR )t o
anz AHe A7 Ao RE A4 AR SANE 43

3l 9kE Wl HEe FAPIHE AAFelAL BEd 2eR
AlEE ATk E Hxo (~2 W 7 Y E ZARE $A
2ol nlgo] A g4 date] G AA| Yks FoE H*
It 2% E:T"E}—l— AFETRs 53] Algd f-55E
AFEolx EAF ) AA|shE blFo] i, T3 B 5]
t.].go] 714 38 A7)H o2 3 7lolEts Ao AlEE
&AM B RAe] 22E glole Blo] FR38%

4. webd A 7Fes W F Mg W] Hojd ZeR
el 2zo] vhiel hast 42°C RS e A ¢
A B ANE Fo D 5 A Fakrel ot BAAG
3 A YA 2l 144 42°C A F Aol AgketA
B gk Flog He 3—391 S Al gk ¥alE
Ha3laPar] 4 Aol st S FRsEE 7jAska
=3

O“zﬂﬁlo ‘_g_ 7].11— _1;1__14;5]0 Qo 7)7h )\]_g_ ].041_ H @o]
Ak, e B o] 8 (250 mhell HE Alde] EAE
BAgmg A Be 7180 285, W WS TE
AR5, vk Foll =S F714 AN oF mgk gol AAL
B3t am F3EF01%) e Wl Slok. vreapy e AfIist
A g9l W Bellre 2@ o] v wan, 24 o] He]
shH, 53] thake] & FAd A Aot FarE dAuiy
Sted o] wlg EAHmeA BH, A HeAE E40ME
w2 gre] Apojo] 9§t vl8-dzte] 1vte] et nl-E-S Fhs)
IE S Aroloh & Aol xle ZolaEl mPACH O] 8
Helgo st A-ajel F3he RIS JehlT, HE5
oldo] srstgdet], ol ol thE Ay ARe fARI T
(5.7). 53l ﬂzEO]*U A= Dutka 9} Kwano] AFA8FHS
1*1 A-AHY] HEEo]X o] mPA WO 64~86%HER e
< B gk upe} AX|SIGk(7). weEbA HeAlee At papst
g wWEy, AAA, 3EH0RE U W gojipye] EYS
A3 71eA szle] AV o7 A g Rolv, 5o By
I A o]e] 7RsAS Bibslar Yok

O:

mlm rJ

L dEFEH, 1993 A8

)

2,@@:], A, olFE, A, 1998, HETO] AEAN
A AE B9 3he po161-164. AR AGE )

HeAlEe] =5d w9 AApb A 247

A ARSI e ELR Y,

3875, 1995 BeE B, HeE SA7E 2 A 5
o) 173,
4, BAF, 1997, H=E TR R

w

. Brodsky, M.H. and B.W. Ciebin. 1987. Improved medium for
recovery and enumeration of Pseudomonas aeruginosa from
water using membrane filters. Appl. Environ. Microbiol. 36,
36-42.

. Codex. 1994, Codex Standard for Natural Mineral Waters.
Codex Stan 108-1981.

Dutka, B.J. and K.K. Kwan. 1977. Confirmation of the single-

step membrane filtration procedure for  estimating

Pseudomonas aeruginosa densities in water. Appl. Environ.

Microbiol. 33,240-245.

EC Commission. 1980. EC Directive Relating to the Quality
of Water Intended for Human Consumption, Official Journal
of European Communities.

.Franson, M.A.H. 1992. Part 9000 Microbiological
Examination, p. 9-31. /n American Public Health Association,
American Water Works Association, Water Environment
Federation (ed.), Standard Methods for the Examination of
Water and Wastewater, 18th ed., American Public Health
Association, Washington, D.C.

10. Gonzalez, C., C. Gutierrez, and T. Grande. 1987. Bacterial
flora in bottled uncarbonated mineral drinking water. Can. J.
Microbiol. 33,1120-1125.

. International Standard Organization. 1988. Water quality -
detection and enumeration of Pseudomonas aeruginosa, 1SO
8360-1,2,

12. Jawetz, W., Melnick, J.L., Adelberg, E.A., Brooks, G.F,
Butel, J.S., and L.N. Ornston. 1989. Medical Microbiology,
18th ed., p215-217. Appleton & Lange, Norwalk, Connecti-
cut/San Mateo, California.

13. Krieg, N.R. and J.G. Holt. 1989. Bergeys Manual of
Systematic Bacteriology, Williams & Wilkins. Baltimore/
London.

14. Morais, P.V., Mesquita, C., Andrade, J.-L., and M.S. Costa.
1997. Investigation of persistent colonization by Pseudomonas
aeruginosa like strains in a spring water bottling plant. Appl.
Environ. Microbiol. 63,851-856.

15. Warburton, D.W., Bowen, B., and A. Konkle. 1994. The
survival and recovery of Pseudomonas aeruginosa and its
effect upon Salmonella in water: methodology to test bottled
water in Canada. Can. J. Microbiol. 40, 145-148.

16. World Health Organization. 1996. Vol 2. Health Criteria and

Other Supporting Information. /n Guidelines for Drinking

Water Quality, 2nd ed., Geneva.

N

=~

o

=l

(Received August 23, 2000/Accepted September 4, 2000)



248 Hyen-Mi Chung and Dong-Bean Kim Kor. J. Micre.

ABSTRACT : Improving Detection Method of Pseud. s aeruginosa, an Important Index Organism
of Bottled Water Quality

Hyen-Mi Chung* and Dong-Bean Kim(Water microbiology Division, Water Research
Department, National Institute of Environmental Research, Incheon 404-170, Korea)

Since the official allowance of bottled water at Korean domestic market in 1995, Pseudomonas aeruginosa
has been detected from 2.3% and 1.2% of source and products of bottled water sample tested, respectively,
according to the nation-wide data from May 1995 to December 1996. Therefore, P aeruginosa was the second
most important parameter, next to coliforms, among the bacteriological parameters regulated for bottled
water. The official standard method initially adopted the Japanese official method and Standard Methods of
the US, which is using asparagin-acetamide media(A-A method). However, the method showed low specificity
regardiess of the high sensitivity. The 42°C growth test was the best biochemical feature differentiating the P
aeruginosa from P. aeruginosa-like species such as P putida and P. fluorescens among the other char-
acteristics such as fluorescence pigment, pyocyanin, casein hydrolysis, etc. Therefore, addition of the 42°C
growth test in advance of the biochemical identification test, when sample is positive by A-A method, should
strengthen the specificity with minimum addition of testing load.





