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Survival Studies of Some Enteric 'Pathogens in Sewage

Abstract— In crder to study the growth and survival of ente-
ric pathogens causing water-borne infectiors in sewage, the filter-
sterilized and autoclaved sewages of Dae Gu City were inoculated
with Salmonella typhimuriuim, Shigella flexneri 2a, Sh. sonnei
I, Vibrio eltor and V. parahaemolyticus, as test series and Esc-
herichia coli as control. After varying periods of incubation up
to 15 days at 4°, 15°, 25° and 37°C, viable cells in the inocu-
lated sewages were counted by colony count technique. Distilled
water and 0.9% saline were subjected to inoculation of the orga-
nisms was observed in the filter-sterilized and autoclaved sewages
at 4°, and the sewages became sterile within a few days. At 15°,
no growth and rapid inactivation of the arganisms in the filter-
sterilized sewage and slight or no growth in the autoclaved sewage
was noted. Some viable cells were found in the autoclvaed sewage
after 15 days. A considerable growth was observed in the filter-
sterilized and autoclaved sewages, at 25° and 37°, and large
numbers of viable cells were found even after 15 days of incuba-
tion. In geneal, the autoclaved sewage supported the growth more
noticeably than the filter-sterilized, except for V. parahaemolyti-
cus which grew well in filter-sterilized sewage. No marked diffe-
rence was noted between incubations at 25° and 37°, but V.
parahaemolyticus showed a slightly more active growth at 25°
than at 37°. Distilled water inactivated the organisms within a
few days, but saline supported the growth at 25° and 37°.
Marked differences were noted in the survival test of sewages
pathogens of different origins.
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WB(E. coli), Salmonella typhimuriuwm, Shigella flexneri 2a u Shigella
sonnei 1 Btk 32 Center for Disease Controldl] A, Vibrio parahaemolyticus = 1 7
ST BERARTAA &% Sl b AolH, Vi eltor & 19694 Fseb wfTie] $-eivheh
ol A Zrptsl Ogawa % Jfrhe] of.

T ok—EHd & @) P FE e 4] e Aol wbxl TR siste] HEE, pH
B RS etel T el o) B Mol EMUF TS BEstY K RIT vh
4°C o fRipsha A el AFgsbalvh. ¥ Tk I BT KENH A E WA RETK
o] WHiHiEkol® . o] Fik: pH 7.4, &K O.D. 0.244(Spectronic B20, Sgectrophotometer
540 nm), FEFMELMY 397.2 ppm, MRy EASE BRE 178.3 ppm, ohE|oHE 453 18.5 ppm,
EEzhr (Cl7) 104.95 ppm,, —*ﬂ %-’Uh]%( 3, 300, 000/ml, KIEBI# 80, 000/mlo]glrt. TKE Sal-
monella. Shigella % £ BlEr] Arhd] BEFESH= s IES fEE L BES Eesly] $sh
o) MIEIERRE EETY A 121°Cd4 155 ®REI A5 &8st

2 FAkgbel ThE BETlA o KE SEMERCT R TKE el HrbA HEERE
HRista o, YRE EEA 0.9% A&EKY BRAE LTt

WER 5 —MEERRE B TAEE), BERET TAGA), BEK 3 £HAMWKE
10ml 4 %% WERBRD ot v, 0.5% AT nutrient broth ¢l 4 37°C, 18R] 55
FE BESES 100~200f 2 WEAWAE FHEY B 0.1mld & ABEN BT K EE
st rh. EEETAS & BRSte 2 AREEE WEske 4°, 15°, 25° 3 377 o] RAFsHEA
4R IR R & EEROIY ABEE WEstd B WEE %35]’@“/} HEHNES: & K
ER OS] BB TS 1065 YR sl 4 BB 0.1ml BRI %A @ikt
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377l A1 24B5R) BEaEst D}“‘ e AT EEES ol Hugaeel AEBcE FHslg o
o, REBBIEN FHE E. coli, Salmonella ¥} Shigella [l . 2% MacConkey 32 KT ES b

V. eltor Bl 2= Aronson - Hikgih, Z1el3 V. parahaemolvticas 10 %= B.T.B. Teepol %
KPEEHE &% 23k}

E B A &

Salmonellla typhimurium 2| 3E—EEFEH F
murium 9] HEMMRE BEE o]k (@A 4T
et

B1RE B R ‘ﬂv'r‘qoM = F*"ﬂ“"‘ ol "ol glol Aol wel ka9l =
/fiffiié@d\ Al A= g 2 3% FEEAE AriEl ftﬁww B2 K BB glol & ik
VBl W ARG A 2ot eslH deEsr %1 25° W 87%el] fR{E
T M T KAA A Y] SiatHiE R T dYa =

VOBIRE TR UGBS A B EFel A e i"?’v’lﬁbjﬁ}c"‘-?% ’”SJ:'Y)’ = qloleh.

\lmonella typhi-

A ﬁi%ﬁi% if»:"i 1 ;’?;Cﬂ N

Table I —Effect of temperature on survival of Salmonella typhimurium in sewage

Incubation{days>

Temp. Suspended in¥

1 3 3 10 15

S-F** 700+ 580 8 0

4° S-A* 5, 500 1, 410 240 60
Dist. water 824 4 22 22 8
Saline 810 77 200 124 236
S-F 530 260 0 0 0
15° S-A 5, 600 3, 200 1, 500 33 25
Dist. water 98 160 i3 0 0
Saline 10, 000 136, 000 218, 400 370, 000 10, 000
S-F 13, 400 576, C0O 754, 000 212,000 87, 000
25° S-A 19, 500 960, 480 672, 000 105, 000 57, 600
Dist. water 5 17 2 0 0
Saline 33, 600 494, 000 376, 000 68, 000 1, 000
S-F 5, 500 134, 000 860, 000 215, 000 11, 000
a7° S-A 379,500> 1,000,000 1,000,000 350, 000 11,600
Disl. waler 71 0 0 0 0
Saline 494, 000 360, 000 179, 000 21,000 1,700

*Bacterial counts after suspension of organisms were 2, 300~2, 800/0. 1 ml.
**Sewage, filtered.

tSewage, autoclaved.

**No. of colonies/0.1 ml.
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Table II—Effect of temperature on survival of Shigella flexneri 2a in sewage
Incubation(days)
Temp. Suspended in*
1 3 5 10 15
S-F¥x 600+ 150 0 0 0
4° S-A* 1, 000 540 80 0 0
Dist. water 13 5 6 0 0
Saline 646 14 7 21 10
S-F 540 260 53 0 0
15° S-A 1, 680 1, 080 500 57 0
Dist. water 1 0 0 0 0
Saline 4, 400 570 226 32 5
S-F 14, C00_ 232, 000 180, 000 65, 000 13, 000
25° S-A 84, 200> 1, 000, 000 600, 000 31, 000 6, 000
Dist. water 52 100 0 0 0
Saline 1, 260 2,390 702, 000 134, 000 18, 000
S-F 155, 000 572, 000 190, 600 72,000 5, 500
37° S-A 152, 000> 1, 000, 000 514, 600 47, 000 3, 200
Dist. water 0 0 0 0 0
Saline 3,940 1, 600 35 0 0
*Bacterial counts after suspension of organisms were 1, 500~2, 400/0. 1 ml.
*+Sewage, filtered.
+Sewage, autoclaved.
++No. of colonies/0.1 ml
Table IIT—Effect of temperature on survival of Shigella sonnei 1 in sewage
Incubation(days)
Temp. Suspended in*
: 1 3 5 10 15
S-F** 75 0 0 0 0
4° S-At 205 77 13 3 3
Dist. water 0 0 0 0 0
Saline 2,170 77 25 12 5
S-F 157 1, 620 580 310 21
15° S-A 215 10, 000 23, 000 37,000 2,000
Dist. water 0 0 0 0 0
Saline 2,600 5, 600 21, 000 28, 000 37,000
S-F 2,700 14, 400 13, 800 17, 200 8, 900
25° S-A 10, 000 17, 600 27,920 23,500 3, 800
Dist. water 5 2 170 0 0
Saline 33, 500 494, 000 376, 000 68, 000 1, 000
S-F 63, 000 336, 000 261, 000 63, 000 1,200
37° S-A 336, 000> 1, 000, 000 700, 000 72,000 450
Dist. water 450 62 0 0 0
Saline 8, 600 2,200 1, 600 0 0

*Bacterial counts after suspension of organisms were 2, 600~4, 100/0. 1 ml
**Sewage, filtered.
+Sewage, autoclaved.
++*No. of colonies/0.1 ml.
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Shigella 2] Bfk—F3 & fEpho A BEEKFS Sk flexneri 2a o Sh. sonnei 1 = {ViF
AL A BEEHS 552 K 553 Ko FRskedrl.

47 8 15% RAFsheinl & EHBRO) AL SRR K HBOIE Botshd SR 2 RERG)
|4 Sh. flexneri 2a 9 Sh. sonnei 10] %% ] JHdeE ol o, lEﬂ b 25° 9l 87°q] R
T OTKERBINA = HIREREI] a4 ks o B S WY S gl s g
BEWE TORPIoll A —Brigel B #17s)qd-eg WET 9,191‘4-

Vibrio eltor 2| J§R—aks} & Wi Foll 4 V. eltor(Ogawa )2 % WK &% B
A2 RS W & BeAkRe ERERE ""<77<'5]—vi B4 Fel Zhop,

HIBEBOIN AN E o] & BEEES Hhstn EEARNe A = el HEF A |
FIE BT W AR ARANS EEEE 4° 2 15°u osld 25° B87°ell Al WdE T
BB RS gk

Tk TAREEGI oAl 15°, 25° W 87°¢] {REiEt ERTRE T K Pyl A o] Hises kg
B LIRS Ebl g 2 ohw)l 35 = SH7ER] = i Ego) ﬂ"ﬁﬁﬁ}d%‘% REY = gl

TR I EEREERAC o] E gt BEAES kel " kel o,

V. parahaemolyticus 2 HR—a 22 TN V. parchaemolyticus B & Mk

Table IV—Effect of temperature on survival of Vibrio eltor in sewage

Incubation(days)
Temp. Suspended in* -
1 3 5 10 15
S-F** 220+ 0 0 0 0
4° S-A+ 7,500 600 1 0 0
Dist. water 3,360 25 0 0 0
Saline 2,130 8 0 0 0
S-F 856 26 10 0 0
15° S-A 140, 000 720, 000 630, 000 120, 000 75, 000
Dist. water 0 0 0 0 0
Saline 800 330 20 0 0
S-F 1, 500 2,300 403, 000 33, 100 12, 000
25° S-A 403, 600> 1, 000, 000> 1, 000, 000 724, 000 321,000
Dist. water 170 82 75 4 0
Saline 37, 000 140, 000 330, 000 64, 000 24, 000
S-F 255, 000 852, 000 190, 000 58, 000 23, 000
37° S-A 1,000, 000> 1, 000, 000 380, 000 75, 000 53, 000
Dist. water 1, 450 42 0 0 0
Saline 133, 000 42, 000 9, 800 4, 100 2,800

*Bacterial counts after suspension of organisms were 3, 000~3, 900,/0. 1 ml.
**Sewage, filtred.

*Sewage, autoclaved.

**No. of colonies/0.1 ml
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Table V —Effect of temperature on survival of Vibrio parahaemolyticus in sewage

Incubation(days)
Temp. Suspended in*

1 3 5 10 15
S-Fx oF* 0 0 0
4° S-A* 0 0 0 0
Dist. water 0 0 0 0 0
Saline 2, 560 1, 350 15 0 0
S-F 45 0 0 0 0
15° S-A 550 202 67 0 0
Dist. water 0 0 0 0 0
Saline 1, 300 26, 400 158, 000 27,000 5, 000
S-F 12,550 30, 800 66, 000 13, 000 7,200
25° S-A 250 940 43, 000 15, 000 16, 800
Dist. water 0 0 0 : -0 0
Saline 3,100 78, 000 510, 000 171. 300 113, 000
S-F 6, 200 20, 200 10, 100 3, 400 2, 600
37 S-A 530 50 0 0 0

Dist. water 0 0 0 0

Saline 400 21, 020 15, 600 510

*Bacterial counts after suspension of organisms were 2, 500~3, £00/0. 1 ml
xxSewage, filtered.

+Sewage, autoclaved,

+*No. of colonizs/0. 1 mkl
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Table VI—Comparative survival of bacteria by sewages obtained from different sites

. . Chloride
Turbidity Total count R.E. B.O.D NH;-N 3 Count after 3
Sewage (0D (0.1mD (ppm)  (ppm)  (ppm) Cg,;r,’n) Treatment qoys ot 25°C
1 0. 255 3, 300, 000 397.2 178.3 18.5 104.95 F 576, 000
A 960, 000
2 0.349 15, 000, 000 191.4 102.3 8.8 53.19 F 0
A 487. 000
3 0.078 2, 000 605.8 261.0 22.0 152. 48 F 0
A 190, 000
4 0.392 4, 500. 000 431.7 204.2 28.3 127.66 F 23, 000
A 600, 000
5 0.195 850, 600 402.2 304.8 28.8 112.05 F 1. 400
A 430, 000

‘ Turbidity: determined with Spectronic B20 spectrophotometer at 540 nm.

Total count: Number of bacteria in 1 ml, counted on nutrient agar plate.

Chloride: Mohr's method.

Treatment: F=f{iltered, A=autoclaved.

Counts after 3 days: S. zyphimurium was inoculated in 10 ml of specimens and Viable counts in (. 1mi
made on MacConkey agar. Viable cells in sewages after inoculation were 2, 300~2, 800/0. | ml
pH of sewagss were 7.0~7.3.
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R4k el et A& B EEIRE S fecal-oral cycleo] #ifs|x g&& Riksle AR
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1. il TkAelA 558 e Bkl =k BT 28E oot 16° L Kl
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9 Bk IEE TARNAE Salmonella typhimurium, Shigella flexneri 2a Shigella
sonnei 1 4 Vibrio eltort MM 3H =& 573 Bay ®BingE 1ol o %k BbE 2
o, 53 EERE TR A= o] Hgo] WEsIge}l. vial Vibrio parahaemolyticus wt-2
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