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Abstract

This study was performed to investigate the distribution characteristics of bacterial
indicators of fecal contamination in sewage treatment plants of Seoul for enhancing the
water quality standards of sewage effluent. Indicator bacteria were investigated in the
effluent samples, and the following ranges were reported: total coliforms 0~8.0x% 10°
CFU/100 mL, fecal coliforms 0~2.2x10° CFU/100 mL, Escherichia coli 0~4.4x10" MPN/
100 mL, Enterococcus 0~1.3x10* MPN/100 mL. Total coliform analysis was performed
by the pour plate and membrane filtration methods. It was observed that the membrane
filtration method had higher accuracy and sensitivity compared to the pour plate method.
Percent distributions of bacterial indicators of health hazards(total coliforms) were fecal
coliforms, 22.3%, E. coli, 10.3%, and Enterococcus, 4.9%. In addition, biochemical
identification of total coliforms showed that Klebsiella and Enterobacter comprised
34.8% and 26.1% of the total population, respectively. E. coli accounted for 13.0% of
total coliforms and 73.9% of fecal coliforms. Total coliforms include bacteria that are
widespread in the natural world, and even extraneous to fecal contamination. Therefore,
fecal coliforms and E. coli are suitable water quality indicators that can precisely
determine fecal contamination. Improvements for strengthening and expanding bacterial
indicators of fecal contamination for the current quality standards of effluent water are

needed to maintain the river ecology.
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Table 1. Bacterial water quality standard for sewage treatment plant(4)
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USA(Florida)
USA(Washington)
USA(Massachusetts)

200/100 mL

Monthly ave.(geometric)

126/100 mL

daily max.

409/100 mL

class B

USA(New Hampshire)

Monthly ave.(geometric)
daily max.

47/100 mL
88/100 mL

designated beach

Monthly ave.(geometric)

400/100 mL

Canada

River discharge
irrigation water

5,000/100 mL

[taly
(Milano Nosedo)

10/100 mL

Composite(24h)

3.000/mL
800~3,000/mL

Japan(national)

Japan(local)

- 286 -



AR 3 a0 9% B Bl 329 28
54 g3 g Aolth meAl FANAe
HAAIE caBnAA NS AN S
o $48771%3 AAN FL 0999 5 ¥
Frode AT FAF IR AN
207k Qov], WAARA Hay Fug A
BT Sz ur JEsAs1ES g 2
27} gk,

ool £ ATelAE AL oA BABAEE
doR sAes Bued ARt BE
549 ) AR OR, WS £871% A
2 98] wHeds AA FAALS Foigr
Agpel e AES A4,

R

1. 4TI 2 AIZA
a4 o Bwed AnAwe BEE4E 24
) glal AeA 24 4) BARNE

A, A, ) E 2
A BAEE f95
=

d & 52719 ARE A

12 & ople o

| flef 2 10% Bt
UEF &9 Sofde Faafsed st

A7 S BXgielon ZA] AFo] o

43 il
e 7ol 4T ofstoll M WA Hste] 244
2k oljel Agstoitt

e FEATHAEE(10)7  Standard
Method (APHA)E  Zusldth(11). U)o
2 5 APy JfAe Qe d8 U 2

710l AgEe Wabkgehin olapg s Bl
Adstdtt. T e BRI Desoxy-
cholate agar(Difco, USA)
7o 2 AFsion, wrolaye ol i
(Millipore Microfil system, USA)E o]-&3}]
217 47Tmm, *13%7 0.45 pm 2719 Evd W
BeQl 2 of7} 3 & MeElj|l mENDO
(Difco, USA) AWIAE AREste] (35.0%0.
5)C Qlstulo]Eoll A (244 2)A17F wiatsitt. nf
F & oA 9ol P4E AFAA 254 2
f

il
>~
>,
oo
ol
ol
9
—
=
=
il

(

[e)

[e}

& el 22UE ASdte] 100mLY $U4
P sAZ AYSdt FAUdEEe F
FitEa AT el AHgagon,
A& mFC(Difco, USA)E AR&ste] (44

O

H o2 &

A

5

)

Table 2. Guidelines for indicator bacteria for recreational water in various country(9)

Indicator bacteria(/100mL)

Country
Total coliforms Fecal coliforms E. coli Enterococci
Korea 1,000" 200° 500° NA
France 2,000 500 - 100
Japan 1,000 - - -
USA - - 126¢ 33¢
Colombia 1,000 200 - -
Poland - - 1,000 -
Europe Economy community - - 500 200

at Level II grade of water quality standard for life environmental on river.

b: Guideline for recreational water.

¢: Geometric mean value with more than 5 samples during 30 days in fresh water.
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Fig. 1. Mean concentrations of fecal indicator bacteria in the (a)influent and (b)effluent of sewage
treatment plants.
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Fig. 2. Quarterly concentrations of total coliforms in the (a)influent and (b)effluent of sewage
treatment plants.
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Table 4. Percent distribution of fecal indicator bacteria among the total coliforms

: FC/TC(%) E.coli/TC(%) Enterococci/TC(%)
tem
Influent Effluent Influent Effluent Influent Effluent
Mean 36.8 22.3 21.3 10.3 7.9 49
Min 11.7 2.7 8.1 1.4 1.8 0.5
Max 90.0 55.0 57.8 40.5 17.8 28.0
STD 19.4 11.8 12.0 8.3 4.6 5.9
e W Effluent
1.0E+04 798403 3.4E403
Influent E, 1.2E+03
S 1.0E+03
H
EE 106402
Effluent E
1.0E+01 4
! ' ! J ! ) 1.0E400 . T
o 20 40 &0 80 100 {untt %) Total coliforms ~ Fecal coliforms E.coli Enterococci
m Fecal coliforms mE.coli  mEnterococci  m Others Item
(@) (b)
Fig. 3. Mean values of (a)percent distribution and (b)fecal indicator bacteria for 4 plants.
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Fig. 4. Identification of (a)total coliforms and (b)fecal coliforms species
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o 208} 7bE 2 AolE molth ot ImLeld  10° CFU/mLE 4271 3,00070/mLe] oF 1/15
= AEHA FAT AEFSE el & Af T Tl B, wojii o s FA% A9E I mLE
Aol BF 2 5 AeS ousit AAR 4 @eld 04x10°CFU/mLE  FA7Fe o
A A R e S FabdEbEelA 0.2 1/7~1/8 oz Fagzhyd vs) =4 A&
Table 5. Correlation between total coliforms and other environmental parameters(n=_88)
BOD  COD S8 ™N TP COITI?(:?I]HS pH  Temp.  ABS
r 1 0.188 0492 0255  0.176  0.226  0.175  0.009  -0.092
oy p 0.079  0.000  0.016 0.101 0034 0102 0934  0.393
r0.188 1 0.293 0441  0.028 0216  0.175  0.059  -0.270
v p  0.079 0.006  0.000  0.799  0.043  0.103  0.583  0.011
r 0492 0.293 1 0.306  0.108  0.151  -0.009  0.131  -0.104
> p  0.000  0.006 0.004 0318  0.161 0931  0.224  0.335
ro 0255 0441 0.306 1 0.124  0.061  0.169  0.002  -0.049
o p  0.016 0000  0.004 0.251 0574  0.116  0.982  0.649
r 0176 0.028  0.108  0.124 1 0.133  -0.018  -0.047  0.063
N p 0101 0799 0318  0.251 0.218  0.866  0.663  0.560
Total r 0226 0216 0151  0.061  0.133 1 0.056  0.250  0.084
coliforms 0034 0043 0161 0574  0.218 0.606  0.019  0.434
r 0175 0175 -0.009  0.169  -0.018  0.056 1 0.137  -0.125
o p 0102 0103 0931  0.116  0.866  0.606 0.203  0.247
r0.009  0.059  0.131  0.002 -0.047  0.250  0.137 1 0.173
rem. p 0934 0583 0224 0982 0663  0.019  0.203 0.108
r -0.092  -0.270  -0.104 -0.049  0.063  0.084  -0.125  0.173 1
APS p 0393 0011 033  0.649 0560 0434 0247  0.108
* Correlation is significant at the 0.05 level(2-tailed).
Table 6. Comparison of two methods from total coliforms results
Influent Effluent
[tem TC* TC® Ratio TC* TC Ratio
(CFU/mL) (CFU/mL) (TC*/TC") (CFU/mL) (CFU/mL) (TC*/TC")
Mean 1.6x10° 1.0x10° 1.9 0.4x10’ 0.2x10’ 3.1
Min 6.4x10°" 1.1x10" 0.5 0 0 0.0
Max 3.4x10° 3.0x10° 7.8 8.0x10’ 4.3x10° 20.0
STD 8.7x10" 7.9%10" 1.7 1.6x10° 9.1x10? 3.8

a ! Membrane filtration method, b : Pour plate method.
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