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B E: (B8] AT oA KFemiEbh bz, [ 551 AR AKX @R (Flow
cytometry, FCM). ATP & 7 &4 MR L AR A K P 9 A MEE . T BIALH ALK
(Assimilable organic carbon, AOC)4~& vA B Ak A My i& P, FHHA ) 48 R 5 4% 42 694k B K%k
AN AR, [4R] FCM TRk RopRFE T ERamfiEEEmE,
AOC 2 FRBRT KHFMAMBALRSD, M ATP AN 7 k458 k7 7 a0 & P ARt S0k
(Heterotrophic plate count, HPC) & 47 3 R B ALK L AR A K P ey LR AE s 4=, [444]
FCM. ATP M 7 i B4 TIRH T A% 7 %,
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Fast and safety detection of drinking water in respect of
microbial quality
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Abstract: [Objective] The current study investigates the microbial quality of drinking water
using various microbial detection methods. [Methods] We analyzed the microbial quality of
still bottled drinking water using flow cytometric cell count, ATP assay, AOC (assimilable or-
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ganic carbon) assay and cell viability test. [Results] We found that the flow cytometry allowed
fast and accurate discrimination of the live/dead bacteria and detection of the micro-scale
AOC. Our results also showed that ATP is a better indicator than the heterotrophic plate counts
of the actual active microorganism content in still bottled drinking water. [Conclusion] The
results suggested that the flow cytometric cell count and ATP assay are more suitable methods
for assessing microbial quality in bottled drinking water than the conventional heterotrophic

plate count method.

Keywords: Drinking water, Flow cytometry, Microbial viability, Assimilable organic carbon,

Bacterial regrowth potential
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33X 4 55 R K AR DG ARUAE ) 1) A7 A6 ™ S U AT
(10 B e e T, PR IR K TR K 6 20 28 3o T A
1) A% T T B AL B AL W 8 A I A e 25 FIR 2
s . EET, AR AR P A, 3
LR EE 5 77 A P A £ (Heterotrophic plate
count, HPC) . 45 kD . IEIRIASF R, B
HI T SR PR v 8 266 R 43 A TR e 3 AR 1Y,
X i S AR AR KRR B AR AR FH K i SE B
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HHT, W4 (Flow cytometry, FCM).
ATP RN L 29k 1z HUw FH T S50 23 FEl R Ak
FHAKSAE I ST . AR TR G IR K A A
D, 3k 8675 2 B A PREE, 05 45 2R S i
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ST R NI 2R TS AR R K T B U R B iR A
MIPEIEAL . S A, FRATE T By
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H DX Aok s A B AR TR R A T, IR R A X
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S T RS A MR H T A IR T
SUAHKIRUAEY B, AMFREH T 18 4N
WIS TT R H K (TR IR AT Hidw 5 A-R),
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TSR 3 AT EAT R . T RIESE
AT PR, TR R 45 db R R K 35 th A [A]— it
WK, ELIR]— fi R L K A TR — R A T A
1.2 Sthha*
121 RAFEE: 5OLYREN] SYBR Green |,
Propidium iodide (P1) (3¢ Invitrogen 2 7]) Hiti&
1 SYBR Green |, fid 0.22 pm JE g 5 10
IO (DMSOYK HA #E 100 %, 1E bnife
TAER W . TS PI (30 mmol/L)#% 50:1 14,
TRATE YR B T-20 °C fR17 . LS dh e K
1 mL, iMA 10 pL EA Gk 9O, =il
Z5MF R HREEIEAL 25 min,
1.22 FCM MZE: aN4niE X (5 Partec 23 #],
#145 CyFlow Space), JIEDIFH 50 mW, &K
488 nm, K FHALR TR ARSI & 200 pl P A
KB H, HERMEIERY 2x10%-1x10° cells/mL, 5
HBRM 200 cells/mL, ZaxtiT4iR2E/N T 5%,
ol P o 2 LA S A I e, 3 s R Y RO
WER K SOUES, 5 WlEHRIM A FlowMax,
LREVOC(FLL) B E il S8, 175 IRk
K 520420 nm, ZLEZOE(FLI)E S IE K >
615 nm; BT 15 5 P AR G 2158 — 2k
SR E L X ER B 5 N FL1=350, FL3=650,
Speed=3, XEUBIALEECH logd . FIESHM BERE i
PLOR R DU 2 2 o oAl i A3 g T
500 cells/s, A fFl KRR R A g, IS T se i £L
#2420 um BYUERE, LIRS ZESEAE O, SEm A
2 i OB K BIH 3 AR AEAT, #EATINE
1.2.3 AOC MZzE: gk &R LR AOC
M5 7B kAR 30 °C 537 3d, AR 3
i, VERFAT. MR FRa e i Ak,
AR K AR IEM IR K AOC & i,
HIHHE AN
(net grown cells)/L
X107cells

ngC

AOC[ug C/L]=
1

1.2.4 ATPJZE: R Promega GLOMAX H.4
KM K BacTiter-Glo™ 271 & A G /K kL
B RICIE, R ATP drElliZ, B & JCE N
ATP &8 RFZAAL ATP Kl )7t Jif)
1 0.22 um WICE R IERE(MilliPore) X 433 A
ATP FIFAEE ATP, B4l BRK I3 M, 1
AT,
1.25 MEYEERNE: RALS KK
AR T, AR EE R bR o T ARG A%
R 2 7K R R TR s B, R TR R R LA B i A
KIGFFRECR, B EURKE 3 M, fE
R
2 HiRE4M
21 EMAEEMHAESENE

TG PEAE SN & [ SYBR Green
I/P1 RS YRR KA T P 8, JF456 FCM Il
EG, KR D. R, H KEEAN, %IGR537kAE
H 4R & AR/ T 10° cells/mL, Hif D, R
FKEERAFAEE RN, D KEEA R S ECh
1.49x10° cells/mL, JH: r i7% P 40 T B0 o 40 1
1K) 74.8%, BN 1.11x10° cells/mL; R /KEELR
SBCh 2.77x10% cells/mL, Horb & P40 B 50 5 40
BN 99.3%, HiEikF| 2.75x10% cells/mL;
Bt Z AN, B H KFERY 415 B BB o
1.00x10%cells/mL, H H /KEErP G40 B0E 2
i B 4.90% (K] 1),
22 AOC EElE

AOC T £k AOC & it 0 3|
1.20 pg/L A%, /KEE R ) AOC & fei, A%
1.20 pg/L, HAE 30 °C #55% 3 d Gk kR
B, BR R ZAh, HoAt 5K AOC & s 4
T 0, 30 °C K555 3 d Ja i E W I Bl R A2
o CUFERE 1 TP BCEAR S KR D, S
Fr AOC {HL AN .
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Fig. 1 The microbial concentration in different brands of bottled drinking water

23 ATP ZENE

ATP AT DLy BB R - OGRS vy it
b, TRV HENAE 1 20T ATP, 4= 1
A FETFIA, DR b g I A A 1 R Y %2
{EF A5 B K RE ) ATP & &, ATP I 5E BRI
()P K iU, Promega GLOMAX HA45 %5
KRS I 2R T A 107107 mol, X &84
HBRK 10 mol, 7ESZPREEIIF, HA D, 1. K,
R SRR K ATP e i R I dfE—2b
K H 0.22 pm BTG IR R DB R X 73 i A= ) ATP A
WEE ATP, LUK D A, 7Eid 0.22 pm JEAEZ
T ZKORE H 3 P A0 T 4 R (B 2), T
0.22 um JEAR 2 S5 3G PR 40 o W B Rl JE L (L 3), M
R 3R ATTAT LA H KR v 2 R 43 4 TR 2 2
0.22 um JEMEAREA T ok, IR E 4 0.22 pm JEJEE
ZIEWIKEE, 15BN ATP, FAL ATP I8
Wi ATP AR TS ATP, HL ATP £
HRR LA B 5 (n=9) 55 A X 107 18 200 Bt B B0 E e vk
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FHSEE (I 4), ATLLABL FCM IR AE Ao 40 it i 4k
55 RO O I8 /KRR ATP HA 454y
LM ZR, R?=0.919, iX & WITE K BEG AL M
H, ATP JIERS FCM I E B A TR I AR ¢

0.1 1 10 100 1000
FL1-
B2 Dk 0.22 pum EEZATHIME FCM REE
Fig. 2 FCM dot-plot for the bacteria community of
sample D before filtration through 0.22 pm-filter
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P o U ZKAE i 4 Al SIS 4 ATP 5
VELRME K R BB, H 2P ARG T 5, R*=0.95
(l 5)o T HPC S57KAEERL ATP, 5% ATP 53ETE
PEA A Z RIS TCAAME R . NIRRT ATP
SR Ed (E 6), ATLIEH DL R KEEPfA:
YIRS ATP (5 HLE ATP (04 K384y, i1 . KoK

0.1 1 10 100 1 000
FL1-
3 Dk#id0.22 pm R Z FRIAE FCM REE

Fig. 3 FCM dot-plot for the bacteria community of
sample D after filtration through 0.22 pm-filter

10
E R*=0.919

102 FETTI| el Coavarnnl Coua el |
1E-15 1E-14 1E-13 1E-12 1E-11 1E-10

BATPHE
Total ATP content (mol/mL)
4 FBIKHEMBESKSHEMEE ATP 2 2MHEXME
Fig. 4 The correlation between the total cell concentra-

tions and the ATP content in different brands of bottled
drinking water

FEIN EERIREE ATP, £ 1 R, D, RKEE
W ATP A 5 kb i) { & (6.83+2.16)% FlI
(5.50+0.84)%, i |, K /KFEFIE ATP Fir i L 71| )
A3 9 75 1k (85.3+17.5)% F11 (60.7+13.8)%, 4 ¥ 4%
ATP 5K ATP LUGIRE KT, FRARME ATP 5
SEAREER, K U I 2 IR S AR R A AR
FATLEBRFES T IREE ATP A BRE AT HhAs:
W AR S AR S i

10¢
E P2=0 0%

1E-15 1E-14 1E-13 1E-12 1E-11
AEHEATP
Cellular ATP (mol/mL)
5 HKEHFFEEHAEHNSMEEA ATPHEXME
Fig. 5 The correlation between the quantity of live

bacteria and the bacterial ATP content in different
brands of bottled drinking water
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Fig. 6 The ATP content in different brands of bottled
drinking water
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A& O Sk bif

= IR AK ATP 2
Table 1 The ATP content in different brands of bottled drinking water
=87 87 | [ o . o 4 VAT b
SRR ATP T B 54 ATP 45 i AT LA TP S
€ ratio ot extracetiutar Total ATP content of the samples/Total ol content of the

=1

IKAE

Water sample ATP in different brands of

cells/Total live cells

bottled drinking water el fmeliz2)) (nmol/cell)
A-C uD uD uD
D 6.83%:2.16% 1.61x107°+0.37x10™° 2.0x107°+0.51x107°
= 1=85.3%:+17.5% (FAHIH UG U5
U.D)
K 60.7%:+13.8% 4.92x107°+2.68x10°° 6.16x10°+5,32x10"°
L—Q uD uD uD
R 5.50%:+0.84% 4.91x107°+0.21x10°° 4,7x107°+0.22x107°

TE: RAMAMPERA N PR R 2 (n=3); U.D: RTHEHIFR.

Note: Each value is expressed as meanzstandard deviation (n=3); U.D: Under detection.

2.4 fRGRIRRKME Y rRAR

G I A R AR A= & it e IRIE K
Pt fir i 2 i, KRR T8 F Bl
WEFRHE, AR ST 37 °C 55548 h, THEIHSEK
SR PSS S ON Tk AD WS A2 DN 7L o P
BB 52 R FH HPC, 3@ 8mT LU 7 AL

D. K. Q KFA DRI AER, Hi D KR
&%, HPC 153 43 CFU/mL, HE/kFETCH
WIELER, HPC R4 SR I I50A B e ok v
MITRA YRR (B 7); TR ] 248 A B ARG N R
¥ TR A B D) e B iy A LB K R M T R 37 S 42

KB

Water sample

7 FCM MSHYEAEES HPC L&
Fig. 7 Microbial concentration in different brands bot-
tled drinking water determined by FCM and HPC
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RIZKAE R IE KA R o A/KAEANR 8L, Bk
R PR B I Al
3 Wik

I TAES: 04 HPC, FCM R T ff-His sz it K
B Y% . SYBR Green | — EL#IA A& —F
HAR M AE YO YR, e R B A, M
115 A R A T S P 25 I PIL AT DL S5 7
MESE I AN SE R AL A RZ PR Z5 G, P B FH R F
S LM ) S A0 St P S S K 1 AT
IHEIEAMAEI®, [RtiE s SYBR Green 1/PI %t
a, FATTAT AT ARSI R K H A T 20 R
S = W A RN 1 S I | T e s
fi% 565 SYBR Green | 454, 115 AR 16 - 40 R AZ R
Nk PLE R 15 50 mW B T, TH TN
FEA SR, ARG RN P AR 4L 0, 1
FlowMax FL1/FL3 —ZEH{ 5 K AT RIS RE (AKX
Wi X 20 JF . HPC & 2110 g K bl 0%k
REAE S SR B R 37 3k E O A S 40 i, LAJK
D A, FCM /s D KFEH 4N B AL E]
1.49x10° cells/mL, i HPC X H 45 43 CFU/mL,
HPC 153 1945 A K D 7K RE BN B BT 1%,
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Al HPC 1 Joik [ AT TR LT 2 5¢ Tk K
TG PERITE B

[, FATAFLGEE FCM T KA iy
AOC &g 7E—EE3b 5 YT A /K, AOC &kl
WEEM AR FE R R, RS KEMH AOC
iy, WS T R YRR B, K
K. WA IANNIKAIK AOC A= WrkasE it FLpt
10 pg/L, HIZE Y 2 LT RuE K
TER FHK AL B 5o 78 v, U 35 1 5 ok 3 AT A
AOC &g, &, & . FEFTSWIR KRS TH
ML S5 4, i AOC & s, 84k Xt
AOC AT M0, [R] 13 FH ] o 0 25500 LA B
Tnfar R RO A B R A A T . T
AWF5E R, @ E 30 °C 3 d J5FERT)E B4
B, BATAT AR E K EE R ) AOC, #%
AR AOC it i 2 2 R, R AHIETE
30 °C Hi3R 3d E i L T w b K, HigAdy
4 4(1.3040.230)x10” cells/mL, AOC ¥k &k
1.20 pg/L, HEMMEIHBEILKAIK AOC &
BINT R, X FRUIFAI ) £5 b ORI O
KRB FAE BE R AR, RIfi7E 30 °C 5373 d,
5 it R 2B T AR R K P %) A AN 2 AR
KHEREK

SRS H ETR FH AR s AN, 240 TR0
D K — I, (AR HE TR AR ZM, #
I WFSE ARG, FRATTRT DATE A M T K 4 B
(DI, AL L S AT A A 20,
BRESEREE . R . BREGTE R . PRIAVER . ATP
B B AR PR BN AN 1 0221 A g o
FEERH ATP R VEMHURE IR A M 1,
{H2 ATP 2 LT Y ATP HEAN e Y
RN ATP, —E/KFRTEZ T RATH TS T 25,
HAMEH ATP SBOREISNE IR, S f
Ay ATP BTN D, AU 2 B ATk B o
FIEREE ATP (57K AL B ATP BUAR K —&R 4y, WRA

REHERR AR ATP 1T, TGk IR b S K A
AR B i AR I E ) S ATP $&
1.75x107"° mol ATP/cell 3 a2 12 2 ki,
SURA N3 = (b o R OB e S O ES
YA AR BB ATP S ANBE RIS LS 4 BT Ak
A AR B UIAROC o (HUR /KR 4 S A 5
ATP i, ZKHETE S BEAC S 4 Py ATP 5 i) R
UL MRS PE R I AL T HPC, ATP Ak
RETELST . o 7 (bbb i ik F K A A A= 4
i DR E e

25 LR, AW R TR SR K
AR, FCM ., ATP RN etk FH K ek
Py I e Jod A5 I e PR RN AR S . R
FCM. ATP kailllyk, FRATAT AR AR /K AL R 45
AP AT S WA, O AR N D S G b A
BT HAKOK T, R ZE 2 XK. H T
TR TR K K BRI o B P A FR R T8 BB
K wEH#E DL S KGR, i FCM., ATP
Fri, FATAT AT s S 1 R K A T
Vh B UL B B T T s PR T TR A A ER X
TR TRRE L K PR K B R e D 1o, 3
M TE SR, URB—FEmEse. i
B RO ASHI 7 1%

4 Hig

(1) FCM MEZ5 R, HPC R HAIRAS T
IKEEH A & &, i FCM 454 SYBR
Green /Pl Yefty, FRATTAT LAFR G M 433 K RE Hr )
TEPEAH B AETS AT, JF H v T A KA
PSP o de . AR DL e AOC Frit,

(2) AOC B, £ MHH IR KT
AOC ANt 10 pg/L, 78 30 °C 1555 3d 4%
IKEEH A A 25 H B A P B K

(3) FERMZKAE A A= e, ATP il vk 22
ETAESER HPC 3%, (HEXT T AR R/KAE, il
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