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ABSTRACT

The effect of fresh water and various concentrations of aged seawater on the survival of fecal
pollution bacteria, Escherichia coli, type 1, Aerobacter aerogenes, type 1, and Streptococcus faecalis
type were determined. Survivals of bacteria were measured by the membrane filter technique. Three
species of bacteria indicate more tolerance in fresh water than in seawater. After 14-day incubation
in fresh water, survival rates of bacteria were 90% with E. coli, 20% with A. aerogenes, and 0.6%
with Str. faecalis. However, the survival rate of fecal pollution bacteria decreases as the concentr-
ation of seawater is increased. Generally, the death rate of E. coli is least affected by concentration
of seawater. A. aerogenes is eliminated more rapidly with higher concentration of seawater, while
Str. faecalis marks rather slight variation of elimination in various concentrations of seawater. In
100-percent seawater (Cl 18.1%), the days required for 99.9% elimination of bacteria were 4.5 days
with A. aerogenes, and 6.5 days with E. coli and Str. faecalis.

Rol ohE 2, Yokigel oA = B R

M ol @
AR $e BB} of ¢ BBk ol

#h ke 2 AIKRE A ¢S MEEA A%
BRe wx glol, oA o WMEME =+
ﬁﬁfﬁi’—fﬁoﬂxﬂ MLEs 8 £ ope} oA

L AF lEHo R FAF o Xd HEI:
45& EKES BEeste] 2o At
AL e EE mig] vz Yt

mhEke Bl & J A o o4

1A e EEE BEEREA R IRES . BiEKe
RAEE #EE HRAEREA = KIBRE, KBH
2 BERE 5o dod, oHE ety )l
IKel & A 2] ek& Bo] KRtz glod (& - 4,
1970), 53] #MAiEEKS] HEAC] B ol A= o]
AEe] 7 He] AT o] gk o, =¥
Yool B MIEEES Mok 2 Wkl A ks e

FEH: BUERY 20Kk 2 #ked 93 4
Pigkel B3 W 2ohx ¥R ok o] A o
= Carlucci and Pramer (1960)28 -KIBES Kk
g dg Ehuieel B3 e, ML (1960) 9
KBRS BReEe] A E, %K 2 kel 3l
A8 HfF 2 BEER %‘& 7%, Hanes and
Fragala(1967) ] KIB@iBE, ABE ¥ Bikige
WK e Hhiel #% WE 5ol oy
A 2E Axolz, ol AEY Bk F kel A
SEHES o1F B 9o 2 2o

= e vel kRS HEEE BN
e HEMEE FAmstz o o] FAES -
mozA fvteke] HWJIDKFRIA B FE
e FSYLHIEIS (Escherichia coli | BY, Aerobacter



66 w  H-&@Rn

aerogenes 1% 9 Streptococcus faecalis ¥ 5-)2)

oks} 2+ MgakEErel ¥ EbiESs st

dom, of7lel zigRel A& A HiETL.
o " A&

wok—@RL BwRE 1970 £ 2 Rg )]
Sigol A RESHY <F 80 HiE] BEAA KR
Holv, i HEANY Glass Filter 2 BB®WE S &
oz, EEM SREEECT B A e wR
st EAslgl on, Fugke] BRE (UTF Cl=
BR 0§ 2 18.07%.°1 A o}

MKk —FHRKE st 2HE BHBEEY
AKE ul=e ARKke BRBESRWHEHRY
AR Q' HKE AN oA, oJdde &
A9 KiBERe] Jehiz glo=g 15Lbs, 20
Sy MEEBEET oh sEAs .

Blkel Mm— Lite FEKSY HRKE &
A3t 0, 25, 50, 75 E 100%2] HWKEKE 1
Eqon, ZHFRS F70, 4.5 9.0, 13.5 &
18. 1%0°1 41 =

HEEE—EFEE FREEY Bs =¥
- vetbe] mmige vk A Rt BiERS
o RS RAEolo, Escherichia coli 1 Fs} Stre-
ptococcus faecalis B 19704 18] EHEIT AD
o) A SEEstY 5z, Aerobacter aerogenes | B 19
704 286 B BEREA SES .
REL BT BigolA HMfstd BRENA #BR
BEste Mt RES R EolH

Wl EHl—F. coli | B3} A. aerogenes | BY
& Nutrient Broth (Beef Ext. (0.5%, Peptone
1%, NaCl 0.5%)l A 24 B5fE] 353Este] HHEA]
71 $oll, Streptococcus faecalis B2 Yeast Dextrose
Broth (Polypeptone 1%, Yeast Ext. 0.3%, Dex-
trose 1%, NaCl 0.5%)<] A 48%f] st 18
FEAI 7] ol ZH2b SRS LY Esh
WHET 0.85% S FEHMK 200ml o RREA] 717
S BEH FKes sgod, )AL ZFEK
PErs] #oK 2,000mlo) 1ml4 yRipshglch. BE
Sl v Bk BkEsE FRBKE zdE
A o

WMol Wr— kit 7% #kE 22~25°C

of iRl RiFshaA 2 MY FFEREe
W (k& Millipore Filter i (Standard Methods,
1965)o & A FHAEstg o, #EHEE Millipore
Filter 3= pore size 0. 45p, HA %, E 47mmo] g
3, E. coli ] Bz} A. aerogenes ] #3& M-Endo £
el A Stre faecalis -2~ M-Enterococcus Agar 3%
el A 77 Hemesd ATHIENE Mo
o, MAEERE ¥ 204 HIED FHEE G
Bbsf o},

] 7

1. Escherichia coli 1 &

Poksh z+ HoBEE Hgokel loiA 21 Hiel
AA o] FolAl E. coli o] AFRMHRE F 1
o} o}, E. coli 1 BIE Pkl e oF 12BHe
A o5y e WIEHERO] eI HE 8
~ORBel B °oF 20%4 £ o] Y& fel
FEHE7] A Aot

o] Aol Al ZF AW Wkl ME HE
2~3AMYE BEEI FEHe) v KEEYoE
7t EOEEAA ¥ HRSR EEEe B
7t Qeojtet. v Hke] MM =S 7
= gfEEso] HolA e, weha] BAWES] BN
o web B coli [ e HEHtEe]l AoAAE AL
%4 gt

E. coli]1 W9} 50%3E¥ FTEA%E Cl 4.5~
18.1%°1 A 1.4~2.7H°l Z, 90%IEHS 2+
2.4~3.7H, 99%3t¥el = Cl 4.5%1 4 <F 11H
Cl 9.0%°14 <F 8.6H, Cl 13.5%14 <F 5H,
Cl 18.1%51 4 <k 3.8H¢] " e}, o] s}zko] E. col
IR gkl M= HES WHSE £73A=
WK BABES T2TE #E ERAGAES B
A Zo

9. Aerobacter aerogenes I &Y

Yok 7 BAME Wkel Sheld 17ARG
AH o] Folxl A. aerogenes] HYo| HTFARHHRRS
5 2@t et

A. aerogenes I 1S Kol A X kLR 3L
BHERo etz 25 MAMES] wKdAA e
pokel A 2o} & o EE FERe]l delvz
ok, Cl4.5%9 #kel A+ Hfsk 1~20H



TSRS YK R kel o) & IEHIH: 67

O O
100 I,_ ! [ i
g s s W S S N B
50 - 1 1 i
[:3] FRESH WATER (Cl* O %Y%)
_ | ® 25% SEA WATER(CIs45 %.)
® 50 % SEA WATER (Cis 90 %a)
O 75% SEA WATER (Cl=(33 %
@ 100 % SEA WATER ( Cl&18.1 Yes)
—
Lo S
R J D S
: =
> ~ L
s |
7)) it I
-
z ;
" ~
m ~
&' ™
ﬁ \ )
! 7N “4“\3., i
1 N TR T TN
p \‘ T - T~ ;
e D . B e
T\ LT T T
| " T 1 ;
'} \ \\ e
; ' |
N
! | 3
al e \ |
0 | 2 3 4 5 6 7 8 9 10 11 12 13 (4

TIME (day)

Fig. 1. Survival curves for Escherichia coli, type 1, in fresh water and

various concentrations of seawater.
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Fig. 2. Survival curves for Aerobacter aerogenes, type I, in fresh water and
various concentrations of seawater.
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Fig. 3. Survival curves for Streptococcus faecalis type in fresh water and
various concentrations of seawater.
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Fig. 4. Survival curves for Escherichia coli, type 1,

Aerobacter aerogenes, type 1, and Streptococcus
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Fig. 5. Survival curves for Escherichia coli, type I,

Aerobacter aerogenes, type I, and Streptococcus
faecalis type in 25-percent seawater(Cl 4.5%).

1
oF — i
-
o -z 2
4 I
> [Tl
> o .
-4 $te taecalis
>
o

.
i
i
|
b
i

. R
§ } . : .77‘! —_
& | | E.cott 1
- . \ :
B .
N e R W e e i
T . ! B B )
\A.nr.qtnu v i '
. il {
04 IR Y YW B TS K
TIME (cay)
Fig. 6. Survival curves for Escherichia coli, type I,

Aerobacter aerogenes, type 1, and Streptoco-

ccus faecalis type in 50-percent seawater

(C1 9.0 %).
moﬁ:‘

N\ —

AVAY ]

AY
\\\
- 10
§ A8 Y
z )
a 7 \
- \
z
T
[&]
a
[
o
N -
.’ } str. (ntulis
:I | ! | | ; i \

Ols— T3 3 a5 8§ 5 T0 T

k4
TIME (day)

Fig. 7. Survival curves for Escherichia coli, type I,
Aerobacter aerogenes, type 1, and Streptoco-
ccus faecalis type in 75-percent seawater
(Cl 13.5%).



TSRS Yok R KAl R HERHUE 71

100 1
-
U N
{

- S
<
2 N
>
o
: S OO S
L Str taecalis
-
4
[*1)
(8
i

.

0.l

0 I 32 4

TIME (day)

Fig. 8. Survival curves for Escherichia coli, type I,
Aerobacter aerogenes, type 1, and Streptococcus
Sfaecalis type in 100-percent seawater(Cl 18.1 %,).
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Table 1. Days respon51b]e for each percent ehmmatlon
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‘ { Bacteria S Tt e

Cone. (%) O 50 | 90 | 95 | e | 999

Escherichia coli, type 1 ’ 17.3 23 [ >21 521 } >21

0 0 Aerobacter aerogenes, type 1 | 1.9 17 17 217 17
Streptococcus faecalis type | 3.2 8.1 l 9.7 12.9 | 16.7
i E. coli, type 1 2.7 3.7 4.7 11.0 20.2
25 4.5 | A. aerogenes, type | 3.2 5.6 6.6 9.3 l 14.1
| Str. faecalis type 1 09 1 30 3.9 571 8.3
" E. coli, type 1 } 2.0 2.9 3.8 &.6 17.4
50 9.0 | A. aerogenes, type | ! 1.8 3.0 3.5 4.6 l 6.9
| Str. faecalis type ! 0.8 2.5 | 3.2 4.7 6.6
U E. coli, type 1 1‘ 1.6 2.6 3.1 5.1 10.5
75 13.5 ' A. aerogenes, type | 1.4 2.5 2.8 3.8 5.8
| Str. faecalis type _s» 0.8) 251 3.1 4.5 6.4
- j [ E. coli, type 1 1.4 2.4 2.7 3.8 6.5
100 i 18.1 A. aerogenes, type I 1.0 1.9 2.3 3.1 4.5
i Str. faecalis type 0.7 2.4 3.0] 441 6.2
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