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Inactivation Rate of Enterococci and Totad Coliforms in Fresh Water and Sea Water
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Abstract

Inactivation rates between enterococci and total coliforms were compared in order to find the suitability of enterococci as an
indicator microorganism under various experiment conditions - freshwater and/or seawater, indoor and/or outdoor conditions.
In case of indoor laboratory experiments, inactivation rates of enterococci (ko: 0.050~0.082) were faster than those of total
coliforms (kp: 0.034~0.045) in freshwater matrix. In seawater matrix, however, survival rate of enterococci was longer than
that of total coliforms at two out of three experimentsin indoor condition. When incubated in outdoor conditions, enterococci
were inactivated significantly more rapidly than total coliforms both in freshwater and seawater matrices. With these results,
enterococci appear to be less suitable than total coliformsin terms of inactivation rates.
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Table 1. Experimental design

No. of Exp. Inoculant Matrix Sample composition Place of Exp.
. Seawater culture 1 mL + seawater 2,000 mL
1, 2 Culture
Freshwater culture 1 mL + freshwater 2,000 mL In laborator
3 Effluent’ Seawater effluent 300 mL + seawater 2,700 mL y
Freshwater effluent 300 mL + freshwater 2,700 mL
Seawater culture 20 mL + seawater 20,000 mL
Freshwater culture 20 mL + freshwater 20,000 mL i
45 Culture Outdoor environment
Seawater culture 2 mL + seawater 20,000 mL
Freshwater culture 2 mL + freshwater 20,00 mL

" culture : Use of standard strain (Escherichia coli, KCTC 1039; Enterococcus faecalis ATCC 29212) for inoculation

" effluent : Use of effluent for inoculation

WR9 HEFF(Escherichia coli, KCTC 1039, =4
A9 2 Enterococcus faecalis ATCC 29212(Ame-

rican Type Culture Collection, USA))S Al&stod,
Foe 99 ad g, 283 EFFSFE Tryptic soy broth
(Difco, USA) HiAIdl 35°C, 48417 AR wj%sle] A5t
At

Total coliforms X+ Escherichia coli(Esch. coli) @&+
A2 FALEZBAERY THZAT BATH F 29
FAAH(FE T, 2002) W2t AAES FP5HR2H mEndo
agar LES(difco, USA)BI A& AM-&3}9 T Enterococci =&
Enterococcus faecalis(Ente. faecalis)] AZFEALS EPA
1600(US EPA, 2006) d'dell wet mEl agartiA| & AME-s)
o goigezs BN

ZAIATR = 22 BU|eR e 2o HIE AldEA
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= -2.303).
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Fig. 1. Inactivation curves for Escherichia coli and Enterococcus faecalis in freshwater and seawater at indoor

experiment 1 and 2.

Table 2. Inactivation coefficients (ko) and time to reduce
bacteria density by 90% (T«) during indoor expe-

Table 3. Inactivation coefficients (kp) and time to reduce bacteria
density by 90% (Tog) during indoor experiment 3

riment 1 and 2 Matrice Indicator bacteria ko Too (h)
Exp. Matrice Indicator bacteria ko Too (h) Freshwater Total coliform 0.045 51.6
Freshwater Escherichia coli - Enterococci 0.051 44.8
1 Enterococcus faecalis 0.082 28.2 Seawater Total coliform 0.051 45.0
Seawater Escherichia coli 0.073 315 Enterococci 0.036 63.3
Enterococcus faecalis 0.056 41.1
Freswater  Cocrernia coll 0034685 o seAEl g AEY F AEN $249 27 tod
Enterococcus faecalis 0.050 459 ) )
2 Escherichia col 0,063 %5 coliforms 5= 4.1~4.3x10° cfw/100 mLo] 2.2 H, enterococci
Seaw ' ’ [ 3
ater Enterococcus faecalis 0.091 25.3 SEE 24~25x10° cfw/100 mL HA U
AP A3}, el A= enterococci (Teo = 63.34]17H7} total
&+ AR g5 o of AEsgoh coliforms (Tgo =457] Zl')ili} _C:’_EH ’}E %5‘]‘%{9‘]’]’, %‘-’Foﬂ e

_"f_
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Fig. 2. Inactivation curves for tota coliforms and enterococci in freshwater and seawater at indoor experiment 3.

ZFat7lels UR Hof, wg wiget Z4Ze] ®EFEAF(Esch
coli ¥ Ente. faecalis)g sl Z HulAlel] FEste] L

=
FEQAAER) 2 AsEAAEE) AFTLeE Ut BF
T+TE ASS T 4 A¥xY 27 AT &=L 13
Agel F$ total coliforms(t)F& Esch. coli) 2.4~2.5x
10°, enterococci(t & Ente. faecalis) 2.9~3.2x 10701 %L,
22t AFAMLE totd coliforms 1.6~1.9 x 10, enterococci
4.2~5.4 x 10° ©] T},

AsE 2 As: 43T EF 9AGEE B 29)4
A#glol total coliforms?F enterococci 2.t} SF35HA] 2.2
AEste AR Yegt 15E A2t 249)Y 4
5, gl Al enterococci Y] Te> 7.0A1ZF S tota coliforms
(144770 E} 2d) o]4 wha] AlEGoH, FolAs 4
vl o] o wa AlEstgth E=F, total coliformse] AFE
BAEe 54U sl BEF & AolE EolA Pskory(14.4~
15.44]7}), enterococci®] A% 3 (7.0~ E Tt B(3.64]
MelA © we AlEste RAeZ et

134 AgEg ez x2NAdsEs ¢ 24T
AHESE 231 ARZAFHE B, sl A enterococci @] Teo
48X7ro 2 tota coliforms(13.8A17H Tt 26 o]y
ApdataoH, goae ou o] W AbEsERT T
total coliformse] APEEExE FF(39.7A1H T 315(13.8
AZHel A FR5HA W AFEE Ao, enterococci 2] -
A F@8AHY FF(@.0A) EF FARE FEe BT
(Table 4, Fig. 3).

AEZ A2 HdeH Avtd £4& oplste AL
2 4#lx g+ed(Davies and Evison, 1991), Noble 5
(2004)2 gt FolA EAAY dFUl AR EY
Eggs AgdA, 494 ddAE Esch. coli7t entero-
cocci Bt 2 EEAHSES Ueioy, A9 #FxA
Jd A StelAe B APH? FYSHA Esch. coli®th
enterococci’t B ¥2 EE45&S JEiT L RS bt
lth. 23y Barcina 5(1990) enterococci”t Esch. coli
B} e gid AFHe] o ZAsivta 2 A A
vtE A E Bl o] AEFHA A7 § d8F A
o2 "t

M rlo o

Table 4. Inactivation coefficients (ko) and time to reduce
bacteria density by 90% (Te) during outdoor
experiment 1 and 2

Exp. Matrice Indicator organism Ko Tao (h)
Tota coliforms 0.150 154
n Freshwater Enterococci 0.648 3.6
Seawater Total coliforms 0.160 14.4
Enterococci 0.331 7.0
Total coliforms 0.058 39.7
5 Freshwater Enterococci 0.579 4.0
Seawater Total coliforms 0.167 13.8
Enterococci 0.477 4.8

3.3. Mg & HI}

Enterococci= 8] ARHBEZAANE A4, 52 F
¥ T EFY HEFA AT AZEFHY LFBEAT W
Eo3 g#HA Jov(Fattal et a., 1986; McBride et al.,
1998; Olga and Satoshi, 2006; US EPA, 2001) A&dH=
HE oyx && By oflzy, mEMA|(Difco, USA),
Enterolert(IDEXX, USA)S Al#E = X2 HHsHA A&
o] 7bEatrh. ot AP AT AT A enterococci7t 6.5%
NaCl 5 =%} 40% bile st = AEdrta Bag v 9l
o](Schleifer and Kilpper-Balz, 1987), sl<tol st &3
]l ABVABERAY 7Hed S ARG HE, 5F § ¥
FI7bell A olgld FE dtYste] g dd AX
nAEE AFska Ut

a8y & 53]o] Z2A tota coliformse}t enterococcizte
Ald g HaAF A3 FF o= tota coliforms’t B &
B AESe A2 deht, E2EsgEw #9gd o
enterococci7t @ A ZAHQ total coliformsEth A ZAE
22X T3 AT EFL2 #FE k. oy
ZA7= Noble 5(2004)9 Z#¢ FAIAEY, & £
A& enterococci7t FEAANAN T # AESTAL
(Davier-Colley et al., 1994; Sinton et al., 1994, 2002) 4
vre 23 Bud vk Qlo], g 2 o5 A F
F7H8Q1 A77F o 983 AeE AZ4drh

Had =7} 433513(25°C) AEe] FFo] A gle

et
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Fig. 3. Inactivation curves for totd coliforms and enterococci in freshwater and seawater at outdoor experiment 1 and 2.

AFA HolAe F AFZrAE] A AFEE E(oh) S
Yely oy, AeQjoA = enterococci”} total coliformsE.th
T mEA AMEEE ALE YEyTh EE AFE S
71d 2 4TS HA FEAA= A7 =24 F4E v
9 o] AW PFow AgAHDavies and Evison,
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7 w4 genz ARUZEEAY 1AL 212 FF
e Zo® wgdr
4 2 B
B a7 Ads 54 ARYER AHE S entero-
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AE2ZA Y B s Frisi Bxx P = A

Nol/\l 174(2 39,])01 A BEFFE X%EE 3l }_/\}
St total coliforms 2 enterococci®] APE&EEE @9 7
FoAXE 28] 2F Esch. coli 71 Ente. faecallsiﬁ} g 2
B AEste AR YewkoH, Y A 1xAZ A
£ Ente. faecalis7} 233 @l 4= Esch. coli7t ddi& oz
o e AEste RS2 UgEt steAMdd $RTE
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2o o AEsIG oY, Frol+E totd coliforms} entero-
cocci Bt ¢ AEs= Aoz Ygyoh

Aol BFx7A totad coliforms = enterococci & AFE
&5 XAles A5k 9 Ak AAFeE Uro] A5
fer, 1xk 9 Ak AL BEF WAGT £ H
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