=
0l
1z
3P
H1
=2
1o

o 44T NAHY MZMBA

LR B
2403 dYd AT §F 3

81

oir

(200413 129 19 A%, 20053 29 259 AH)
Assessment of the Bacterial Regrowth Potential in Drinking Water System Using Specific
Regrowth Rate

Oh, Jung-Woo i

Department of Urban Engineering, School of Engineering, University of Tokyo

ABSTRACT : In this study, the bacterial regrowth characteristics in drinking water were investigated for various nutrient concentrations
and forms using improved BRP method as a traditional approach and specific regrowth rate as a new index. The results of bacterial reg-
rowth potential for glucose and NH,'N, which was evaluated by BRP method as a traditional index, appeared to be higher relative to
that of acetate or humic acids as carbon source and NO,-N or NO;-N as nitrogen sources, respectively. The results obtained by specific
regrowth rate as a new index were similar to that of BRP method with respect to the nutrient conditions examined in this study; i.e., the
specific regrowth rate for glucose (ranged from 0.005 to 0.082 hr " was greater than that acetate and humic acids (ranged from 0005 to
0.068 hr' and from 0.005 to 0.008 hr', respectively). And specific regrowth rate for NH;-N (ranged from 0.008 to 0.072 hr') was
greater than that NO,-N and NO3-N (ranged from 0.008 to 0.055 tr' and from 0.008 to 0.059 hr’, respectively). Therefore, specific
regrowth rate can be applied in order to evaluate the bacterial regrowth potential in drinking water.
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21. ¥BMT

HEAN QLB E Pseudomonas aeruginosa(ATCC 10145)%}
SRR EZANGE o|L89 T} Pseudomonas aeruginosa—
Nutrient broth v]x](Peptone : 5.0 g/L, Meat extract: 3.0 g/L,
NaCl:5.0 g/L, pH 7.005 o] &3] 20£2TCelA wigd F,
AL ZELFMIilli-Q water)o] 3j4std FEAFAAF
BE o 10° cel/ml)g FEAT EF FXEY ERNFL
e 22 3¢ 98 EADAKFe | F2)) O §3
0o EngdTa $%E 100 mLE A3, 1.0 myLe] 35
Azo] st 0.1% HLeFIIEFES 100 pLY HEE F
gate] E2AAT @ Aol ol &2 AAE AMA,
274 2.0 #m9 FHA10TA 1087 Autoclaved #3F &, =
&4 500 mLZ AAS Hoz dFsignh. @ 2 Adde
50 mLe) AlFTA) 20 mLA $71 %, 450 BAFRe B
L7 ALE 50 rpm; RT-50, Taiteq. Corp.)E ©]-&3ks] 20
2CeA 547t wigstgdth @ WG &, AgwS &6
Uizl $ste), 944 @ AdF7]+(Centriprep  YM-50,
Millipore Corp.)& o]&3te] 1500xg, 1027F Q4 =EFd)
g8 BE% ¥, o 2ESE sNe BT O
AZAFAANZEE < 10° cel/mL)S HEYTh

22 M2l EE, Y9 MI|, Y U AlR2 IH
el

FA 02 pm¢ "H(AEF 47 mme] Polycarbonate mem-
brane; 110 CoA 1087+ Autoclave E#3E &, &5 500
mLZ ABT el & AFALE 2&EFE 19 mL¥
AP@ B &, A AFZE Pseudomonas aeruginosas)
AEAZY 1 mLE AEHYT =9 298 AdzFe
FEE ERAF dAAE Fds JEH FAll 10
mgC/LGZe] F71GYE F(Table 1)E F7Iskal, &4(C),
AAMN) 9 AP)& Table 29 AMAIE 27 Zo] FUst
Atk 2 z2Ad sl FAY SFANEE TS 45° B
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Table 1. Required nutrients to get final concentration (10
mgC/L Equivalent)

Compounds Added concentration (ug/L)
NapSO4 44291
CaCl; - 2H,0 183.78
MgCl, - 6H:0 418.31
FeCl; - 6H20 96.88
KCl1 190.66
CoCl; - 6H,0 4.039
CuCl; - 2H,0 5.366
MnSQy - SHO0 219.403
ZnCh 2.085
(NH4)6M07024 . 4H20 1.288

Table 2. Final concentration of carbon, nitrogen, and phos-

phorus
Medium-C* Medium-N Medium-P°
Phosphate
Carbon (mgC/L Nitrogen (mgN/L
(mgC/L) gen (mgN/L) (4eP/L)
o
Glucose| Acetate| | NH,"-N | NO,-N | NOs-N | PO/-P
acids
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 | 005| 005 |001(0.1}]0.050.1}| 0.1(0.1)| 0.5(1.0)
0.1 0.1 0.1 |0.030.3)| 0.1(0.3)] 03(03)] 1.02.5)
0.5 0.5 0.5 | 0.05(0.5)| 0.2(0.5)] 050.5)] 2.55.0)
1.0 1.0 1.0 | 0.1(1.0)| 0.5(1.0)] 1.0(1.0)| 5.0(10.0)
3.0 3.0 3.0 | 0202.0)| 1.002.0)] L52.0)| 10.030.0)
1.5 15.0

a) Medium-C added 1.4 mgN/L of NH,-N and 03 mgP/L of
POSP o

b) Medium-N added 10.0 mgC/L of glucose and 0.3 mgP/L of
PO”-P '

a) Medium-P added 10.0 mgC/L of glucose and 1.4 mgN/L of
NH/N -

d) Humic acids used the thing of Wako corporation.

The numbers in parenthesis represent the added concentration with

P.aeruginosa.

e HANIN(EAEE 50 pm)E o] &3he] 20+2T )
A 59 MgsAn” Wgel FEE 2 AERSFH 1
mLd £48& A8 AFF F WAHEA 25% Gluta-
raldehyde§91¢ 100 pL¥ F7tst] Adg 1ZAA
& BNG7A 20TAN REAT

23, M@ BA S HIKXH

(1) BRP*(Bacterial regrowth potential method)

AT A2ddA AFAFAES B A% 71E
(E2H, B ATME Sathasivan 570) At & §
o 93 4448 BRPEE ol &3AH BRPE2, FX
BN AaAFHES 35y S8 duidez HEH
o] ¢ AOCHHe adAg B A MEHAR &
EA R B A F(Pseudomonas  fluorescens P17 B Spirillum
sp. NOX)g& FEF o2 o] &ste AOCHH S dAEES T

N
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4% WA RN, BRPYS B2 ol9)9) Tk JFA9
9% FPHoE WAL & vk FRol Aok 2y
AEFOE 08T £REY ERAZ) A9H B4 o
9t BRol 9ok BRPYY 4@UAE Fig 1o veh
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(2) Al 524X (Specific regrowth rate)

ANEX &L= Pseudomonas aeruginasa®] thsted At&H
At B dFNA Ed AFd&Ene d5F5471(Expo-
nential regrowth phase)?] A& AFE AA=Z . d¢
718 2R 95, 58 EFAEE £ 479
HIEZAQ JAFFREA JESG F, 547 2447 HFH2
2 ASAEE 389k 2 294 FEE Ade BF
F % 24Xt B2 48A1FF o) Fo| EAZF AFHE e
WAL H(Fig. 3Fx), Wty 2 AFNM= Pseudomonas
aeruginasas JESF F, 48N o|FE diFF47|g 7
sk, o] NN FAFE ZAZ 4 () 93 v
44T 48 AN

NG = Noe™ ‘ 6))

No : Number of bacteria at time (t) zero
« : Bacterial regrowth rate, hr'
t : Time, hr

Sample water @ Zero day

Tap water © - § days

v
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Dechlorination
(by 0.1 %NazSan)

Dechlorination
(bv 0.1%Na»S>04)

.

) 4

Bacteria removal
(by 0.2 pm membrane filter)

Particle removal
{bv 2.0 um membrarne filter)

<

. A

Incubation at 20C with a
mixing provided

Collect required volum of
sample in duplicate
(about 20 mL)

'

¥

Separation of indigenous
bacteria and nutrients by
centrifugal membrane

Inoculation (1mL)

and nutrients addition

<

® Inoculum liquid

A 4

Incubation at 20C with a
mixing provided

v

Dispersion treatment
(by ultrasonic and
glutaraldehyde)

v

@ Counting of total bactera
number (Dead+ Live) after 5
days

L—pBRP value = @-®/20

Fig. 1. The flow sheet of BRP method
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A5 23 A9, Aa&% Ade g3 FHAF
9l SYBR Green I (Molecular Probes Inc.)el <& gA4=
9tk AlF5E EPICS ALTRA Flow cytometer (Beckman
Coulter Corp.)& ©]-&sld ZFaH o, ojuf A&E L
= Right angle light scatter (RALS, 488115 nm)2} Green
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AAFA NN FdAE dNFH SR G sE(Polymeric
carbohydrates), 7}E2E-AAKCarboxylic acids) E& Fu/2
4] X(Humic/Fulvic acids)?] BEZ 2A48Y gy B
AP L G488 ¢ JEBasd gEzHe FHA
Glucose™ Acetate, 28 Z AAS7)EZENatural organic
matter, NOM)?] =4 Humic acidsE P22 #Z4
E4& ZAEHT

Fig. 2(a)9] & &2¢9 528 $EE EZNFA o
AZEA EAE JEIQS 8296 BE AF4F2 Glu-
coseE FURL A7 HF A dEEeH, I3 5L
2 Acetate, Humic acids®] £202 yehgrh ol A
ZANEQL FUHEFOEN o83 Pseudomonas aeru-
ginosa®] WAME FLF AFol JeEbsTHFig. 2(b)). =
& 77t gAgE 5 =Y 1 mgCLY FAF Al
2o s, BRPE Y #|g7IZ 59 B 240 THL
2 $TE ERNZY AFIFE BUHP & EHE Fig
3o JERiT 9A w1 B Al ASEE
Glucose, Acetate, Humic acids®] &£22 el Fig. 2(a)
9 Fig. 2(b)9 27} YAHE 2HE veidn

E2EQIATL A2e AZEZE TEAHAssimilation),
qURYe A7) $)3l(Dissimilation) FAe] EAste tg
3 de9 48498 oed Utk &, YREY A
#& 159 EAUAY $AFeE Az frvsd
o] ZA3tr], WN BAhYe EF wt FAFY Ao
= JehlA Ik SS9, Pseudomonas aeruginosa Y Pseu-
domonas fluorecens 58 TCA(Tricarboxylic acid) cycle4t
qA9 FAE AL Bade] dRRe e 2
Al 0] &8 £ glow, £33 o gd2dd disty G-
cosed] ol €& ARHoz dojidtt’ ) ool whal Acctate
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25.0

(A)
20.0 |

15.0

10.0

Cell number, 10 Scell/mL

(8)

150.0
100.0

50.0

Cell number, 10 3cell/mL

0.0
0.10

©)
0.08 - -

0.06

Specific regrowth rate, h™'

, &
.0 1.0 2.0 3.0 4.0
Added organic carbon, mgC/L

B Glucose @ Acetate M Humic acids

Fig. 2. Profile of bacterial regrowth potential for the diffe-
rent concentrations and forms of carbon sources. (a)
regrowth counts of indigenous bacteria incubated for
5 days (b) regrowth counts of Pseudomonas aeruginosa
incubated for 5 days (c) specific regrowth rate based
on the bacterial counts during exponential regrowth
phase. The vertical error bars through the symbol
indicate the maximum and minimum values (n=2).
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30.0

—@-Glucose
250 H —o—Acetate
—&—Humic Acids

20.0 |

15.0 |

10.0 |

5.0

Cell number, 10°cell/mL

0.0 -
0 2 4 6
Incubation Time, days

Fig. 3. Profile of bacterial regrowth counts during 5 days
with different nutrient types with respect to indi-
genous bacteria. Glucose, Acetate, and Humic acids
1.0 mgC/L, NH,'-N 0.1 mgN/L, NO,-N 0.2 mgN/L,
NO;-N 0.5 mgN/L, and PO-P 10.0 ygP/L. The ver-
tical error bars are described in the legend to Fig. 2.

(2 3Ax9 9%

zAd) 2AEE 249 FHEN 5994029 34
o 4% & & Y& ALPOZE NH/N, NO;-N ¥
NO;-N So| g Folth. olE Ao U FEEY E
HAF 9 Pseudomonas aeruginosa®l AEXEAE Fig
4() 2 (b)o) JYERAgTh 2 2% NHSNE FAF 3+
7} NO;-N 2 NO;y-Ng FUF Fsrno A Fe] A
eyt 53 $%E ERATY B AdFezE 42
NH,Ng 5%(0.1 mgNL)IAE F33 3718 Jehldl
. ol g e AZAERNL 4 AaYd e 59T 4
A8 2UHA ZFANE JeghFig 3). § ERAT
& 0.1 mgNLY NH,S-N7} F98 Z$7h NO-N 02
mgN/L ¥ NO;-N 0.5 mgN/LE =913 A9 AZSHFH
t A Jeisen, o] ZA=RE 2LFEH NH,"-N
o 9% AZAFL LS 559 NO,-N Z NOs-NEo}
2u) 2 5u) o2 AFNEE 23X e Ao ALEHMY
t}. o]9} HEo NO,-N7F 249e2 FYE 2% EFA

2 0.5 mgN/L ©|4, Pseudomonas aeruginosas= 0.3 mgN/
L ol E=oA AFZATo) FE3 Fade A& #F
@ & Qac BAN FEEA N LABE g
TEES NO;NE Agd ABAel AfarzA 383
F e Aoz gudAt

AFe AATAHPAN Ahe Add H/1FE84E4
AArgAs} 5YF AFFLAAQ 3t FHE EAL
A% olgrtssith & 3719 LAY £E& 2IY
= gEUOKNH)E, ¥E9 Asht a9 FHgflol A
9] AT 0]88 & Utk whA NOA(+47}) 2 NO3
#57hE AR BATHHFE AoA BEPeR ol§
97 faAAE, gRUcts 4sRARAFENA FLHA
oo A H? T3 Pseudomonas aeruginosa® 3L
@ ATNH, FEUoE $UAY A2PCE olgud,
Nitrite ¥ Nitrates} EAlo] 2AY Z$, dEJol= Al
9Nitrite ¥ Nitrated] ©]&& Wdte Aoz Bud H
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Fig. 4. Profile of bacterial regrowth potential for the diffe-
rent concentrations and forms of nitrogen sources.
(A) regrowth counts of indigenous bacteria incu-
bated for 5 days (B) regrowth counts of Pseudo-
monas aeruginosa incubated for 5 days (C) specific
regrowth rate based on the bacterial counts during
exponential regrowth phase. The vertical error bars
are described in the legend to Fig. 2.
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Added PO4-P, ugP/L

Fig. 5. Profile of bacterial regrowth potential for the diffe-
rent concentrations of POs-P as a phosphorus
source. (A) regrowth counts of indigenous bacteria
incubated for 5 days (B) regrowth counts of Pseudo-
monas aeruginosa incubated for 5 days (C) specific
regrowth rate based on the bacterial counts during
exponential regrowth phase. The vertical error bars
are described in the legend to Fig. 2.
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AAZNeg Briste 712Wggd, d53471942
AEA&E g3 AdAFH5E Frstar dAoh
Fig. 2(c), Fig. 4(c) ¥ Fig. 5() Z 4L s=of of
3 Pseudomonas aeruginosa®] AEZHEEE Ve A
A, 0~3.0 mgC/LY Srlaad SEH9d taiA, Glu-
cose?] A$E 0.005~0.082 hr', Acetate ¥ Humic acids
o) ASE= 27 0.005~0.068 hr' 2 0.005~0.008 hr'=,
Glucose®] AZA &7} Acetate Y Humic acids®) ) Z42)
&Rt =4 Jelgth £8, 0~2.0 mgN/Le 349 =
=¥9e] siME, NH,-Ng Z$7} 0.008~0.072 hr"i,
0.008~0.055 hr' = 0.008~0.059 h'E zZtzt 7=
NO;-N ¥ NO;-NET F& AFAEEE 2 Aoz Ur
Bt 14 Q19 AZA&ETE 0~30 pgPlY 5
A4 0.004~0.035 hr'E YAk o 7 I
of A AFHEEY Exdde ASAFd da) AFA
4% 87t Z3Fig 2(a) € (b), Fig. 4(a) 2 (b), Fig.
5(2) @ (b)) AA e AFLEMN, A A7 A4S
Tofl g% AFAs BAERE VIEARY FHEAE o)
< 2 Bgse Aoz veyth

@) A= g% Hpdde 34
TR ATNAE AR A2PdAN AZAZAEE &
e M2 ARZ AFHEEA 93 Bhd e AAls
Aot IHAREN A EItsEE 2] AdMe F3E
9 24 94 BHY, 23 38AAY #YH T &
Alel FEFHolok ATt

2ENE AFHD AFd F2 Griske 71EXEQY
AOC, BDOC ¥ BRPHY 73 2 dd2 #7139 vy
71Zto] daditie Aotk AdFeg e wyrte 2
+ BRPHE, 499 sufEe 1 o 5L of
1 AAG v kD g 27t wWIe
AZHEES A4F Frhgdd) d5) 43 2¢FE & A
o & ASHEEE 9BV ASHHE AFAF IAY
71€712RE AY AbestE, <@ 71€71E WeE
A71NAM A ASAF Aolg BYE F U: F L

EXE Abssitt wEA AR dert deFarlE

T 78 W, ASHF F49 71enE e F de

Ham g7 2d34g =28 F JA g€ 8, ANEY
HEGOEAN ddFolY EE R AgRez Yy
A Agg o183, dFFA7I7IA =28 A1TE Wl
FAZ EFAACE B} AT, IR B AT =
4% BRPY9 HE o)&sd HAY & dedH #d
Y. &, BRPYEEZ HFL22A FZE EFNES I
2 o]gsn, olHF EFAFE oln Foix @F A&
2 Adolrl o t+3471d 23APE A¥E 5
ATt G AFHEEN 9 FAgE] HEA 9,
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23999 2840 F4E F A& AR g
NEAR 2 Eide gFe, 33297 MYt
2 JEAY F9F EFHolA Reve R F 7
&9 Wgel g =3E AFe AV Foi wlgzd
2 W g7IZte) AN HAWAE 71554 Ftvhd, WYl
o]l 438 A¢ Agd &4 & AFA7 dsA d
EG WG FAN Algd FHsE FFAY KA wet
ANE AFHeE =&He 2F7F 232 740l Uk
ol =&d ZFY HdiA 9% FHE EUbesA ©
En, 49 bdMe Mo IdH 2 fHE W
‘Rl‘:}i £ F itk oz A £ o, AdASAE
& Jtsyl A8 53719 ASHEEE ol&se B
< e FEHY e =& 2 5 3k § dSS
4719 AFH&EE N7 2 FFFY -JL%W
%271 B FolF Mgz A 2RI FBAE 7
2 4 g Aoz @vdd WA 34439 F
ZHIAE SEF BFE S 20 dddn.

A vE4&EEEs 437178 348 Add 37HE
€ Yuigth ol F5F JduizRe, Wraglqe &
ZAAZNA S EBATE WFATeR ABFTE, Ad
o WF&EE AA AFTETY 999 AHAN AF
A7t Mg Fe A d F 3 o EF FTE
AlEgo M AgAFHs F7HE A ASHAEEE o8

B¢ 38¢ FHeE 38E F UE ALoE dudn

42 B

B AFdAE, 44 A2 dEA gid, 249
g A Q19 FHY, v&E 474 & dg=d Eﬂ
3, Ag9 AEd EXE AT 28 A3dE
B7rs7] % A2 x]}?.ibﬂ, AZHEEE °]~8‘°]'t
g9 ALY dFstax gk

FEE EFNGH Pseudomonas aeruginosa® HEFL
2 & A8 s, & 4L dg AF4 58 VE
A ¥ BRPH 98} 483tk 0~3.0 mgC/LY §7)d
29 EE9 UF AFAFL, GlucoseE FUPE 2
27} Acetate = Humic acidsE FYFRE 3R Ad

05

‘oz 3A UEhdth T3 0~2.0 mgNLe A4y 5%

B9 talHE, NHS NG FUF AF4Fo] NO,-N E
£ NO;-N& FJ3 F¢eth A4 vebstch 0~30 ugPL
9 = HHA A E¥E A9 I9 B, 10
ugP/L ©l3te] mj& 42 FERHdNE F2HF AFF
9 F77 Yerst

AFAZN5Y AZE AEEA Ad ASAEEY 4
£4¢ Hie) fete), &2 wigxdd disl] Pseudo-
monas aeruginosa® AZSAEEE SFsIET WA, {7
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