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A Survey of Distribution Characteristics of Bacterial Indicators of Fecal
Contamination for Sewage Effluent

Hee-Su Lee*, Ji-Young Lee, Sung-Eun Min, Hye-Jin Kil, Hyun-Ju Kim, Ji-Hong Seong

Division of Environmental Ecology, Incheon Research Institute of Public Health and Environment

Abstract

This study analyzed the bacterial indicators for fecal pollution, including total coliforms,
fecal coliforms, Escherichia coli, Enterococcus, and other factors of water quality from
February to November in 2021. The influent and effluent at eight public sewage treatment
plants located in Incheon. This analysis would analyze the correlations among the indicators,
and the treatment efficiency of the sewage treatment plants and investigate the effluent
water quality standards. Total coliforms were investigated 1.5 x 10* ~ 3.1 x 10° CFU/100mL in
the influent and 1.6 x 10* ~ 2.6 x 10° CFU/100mL in the effluent. 25 X 10° CFU/100mL on
average were found at S-1 ~ 4; 4.3 x 10* CFU/100mL on average at S-5 through 8. The
bacteria population was approximately 5.8 times lower at S-5 ~ 8. Fecal coliforms of the total
coliforms in the effluent accounted for 33.0 % (9.3 ~ 71.0); E. coli, 158 % (2.1 ~ 31.1);
Enterococcus and 11.3 % (0.7 ~ 30.1). There was no statistically significant correlations
between the items and incidators in the influent. However, in the effluent, the correlations
among the BOD (r=0.50, p<0.01), SS (r=0.42) and total coliforms were high. The analysis of the
treatment efficiency and operating status of each sewage treatment facility was revealed that
the annual average treatment efficiency of the BOD, SS, and total coliforms was overall more
than 95%. However, the treatment efficiency of the BOD was relatively lower at S-2 and 4.
The SS was relatively lower at S-1 and 3. S-1 ~ S-3, worn-out plants, have been operated
more than 20 years, found that the treatment efficiency is relatively lower and the inflow
rate of waste water produced from industrial complexes of the drain areas is higher. S-4 ~ 8
used the MBR process and have recently been installed, by comparison, the treatment
efficiency was relatively lower at S-4. Actually, there were problems during the process of the
plants, and it was found that the processing plants were improving. The improvement of
comprehensive facility is underway according to Incheon swage maintenance plan for 2035,
therefore, it is expected that the treatment efficiency will be increase in the future.
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(Mcclellan et al., 1999).
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Table 1. Capacities and disinfection methods in various sewage treatment plants.

Site Capacity Treatment Disinfection methods
(m®/day) method
S-1 Gajwa 350,000 MLE, 4stage BNR Cl
S-2 Seunggi 275,000 MLE+Coagulation Cl
S-3 Namhang 125,000 Bio-SAC Cl
S-4 Gongchon 65,000 KS-MBR Cl
S-5 Songdo 42,500 A20+MBR Cl
S-6 Songsan 30,000 KS-MBR+URC Cl
S-7 Youngjong 24,000 MBRHANT)+URC+O3 O3
S-8 Unbook 23,000 A20+MBR Cl
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Fig. 1-(a). Concentrations of total coliforms Fig. 1-(b). Concentrations of total coliforms

in the influent.

in the effluent.



Table 2. Concentration distribution of fecal indicator bacteria in the effluent of sewage treatment plants.

Total coliforms
(MPN/100mL)

Fecal coliforms
(MPN/100mL)

E.coli
(MPN/100mL)

Enterococci
(MPN/100mL)

1.5 (0.02~6.1) < 10°

4.5 (0.03~16) < 10°

1.4 (0.02~6.9) < 10°

5.9 (0.05~37)x 10’

2.5 (2.0~2.9)x10°

8.0 (5.3~12.0)x10*

3.8 (0.7~7.7)x 10*

3.1 (0.3~8.8)x 10*

1.6 (0.1~5.0)x 10°

6.9 (0.08~16)x10°

3.1 (0.05~7.3)x 10

1.1 (0.09~2.8) x 10°

2.6 (1.4~3.0)x10°

1.1 (0.2~2.0)x 10°

4.4 (0.4~17.3)x10*

2.7 (0.3~4.6)x10*

7.1 (0.2~16)x 108

2.0 (0.07~4.4)x 108

8.1 (0.08~22)x 10"

5.4 (0.03~19)x 107

2.2 (1.4~3.00x 10°

9.1 (1.8~17.0)x10°

4.1 (0.3~8.6)x 10"

3.5 (0.4~8.3)x 10"

1.7 (0.04~2.6) < 10°

8.0 (0.1~13)x10®

4.1 (0.02~7.3)x10*

1.8 (0.05~4.0) < 10

2.5 (1.5~2.9)x 10°

0.7 (0.1~11)x10°

4.1 (0.8~7.3)x 10"

2.7 (0.1~4.8) < 10*

3.1 (0.2~8.7)x10°

8.0 (0.2~16)x10°

4.0 (0.02~13)x 10°

5.4 (0.2~16)x 107

2.3 (0.2~5.6)x 10"

0.7 (0.0~2.3)x10*

0.3 (0.0~1.6)x 10"

2.1 (0.0~7.7)x10°

1.2 (0.2~1.7x10°

4.3 (0.3~10)x10°

3.6 (0.1~9.8) < 10°

1.2 (0.04~2.5) < 10°

7.5 (1.4~12)x 10"

1.5 (0.4~2.1)x 10"

6.9 (1.4~12)x 10°

5.3 (0.6~1.0)x< 10*

9.4 (0.6~17)x10°

2.3 (0.2~5.8)x 10°

15 (0.1~4.1)x10°

4.0 (0.6~5.8)x 107

1.6 (0.2~2.9)x 10

4.6 (0.0~8.6)x 10°

2.6 (0.0~6.3)x 10°

1.5 (0.0~3.1)x10°

1.2 (0.2~2.0)x 10°

5.7 (0.7~9.8) < 10°

3.0 (0.1~6.1)x 10®

9.4 (0.8~20)x 10’

5.6 (2.8~9.9)x 10

1.8 (0.6~4.2)x 10"

8.5 (2.4~22)x10°

5.3 (1.5~8.5)x 10

1.6 (0.02~8.7)x 10’

5.5 (0.03~16) < 10°

2.7 (0.01~13) < 10

9.0 (0.0~40)x 107

Site
Inf.
5-1 EI;f.
Inf.
5-2 Er;f.
Inf.
5-3 Er;f.
Inf.
5-4 Er‘lff.
Inf.
59 Er;f.
Inf.
5-6 Er;f.
Inf.
51 Eif.
Inf.
5-8 EI;f.
Inf.
Ave. Er‘i"f.

1.7 (0.02~3.0) x 10°

6.0 (0.0~20)x10°

2.8 (0.0~8.4)x 10"

2.0 (0.0~8.8)x10*

AFS 81 x 107 ~ 4.1 x 10® CFU/100mL,
AT 27 x 100 ~ 1.2 x 10° CFU100mLE Y=

(143 Al, 2020)
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Table. 3. Water quality of the bacteria for sewage treatment plant.

Items Total coliforms Fecal coliforms E. coli Remarks
5 5 D .
Korea 1,000/mL(district- 1) _ _ ~ Duplicate
3,000/mL(except 1) (twice within 30min.)
Florida 1,000/100 mL 200/100 mL - Monthly ave.(geometric)
Washington - 200/100 mL - /x
USA | Massachusetts _ _ 126/100 mL | Monthly ave.(geometric)
class B 409/100 mL daily max.
New Hampshire _ _ 47/100 mL | Monthly ave.(geometric)
designated beach 88/100 mL daily max.
Canada - 400/100 mL - Monthly ave.(geometric)
_ _ River discharge
Italy 5,000/100 mL irrigation water
Japan national 3,000/mL - - Composite(24h)
P local 800~3,000/mL - - 7
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Table. 4. Ratio

of fecal indicator bacteria among the total coliforms.

FC/TC (%) E.coli/TC (%) Enterococci/TC (%)
Influent Effluent Influent Effluent Influent Effluent
Mean 38.1 33.0 16.7 15.8 7.6 11.3
min 0.9 9.3 0.8 2.1 0.3 0.7
max 87.5 71.0 69.4 311 31.8 30.1
AEA RIE 93 55 X 54L& 18359
. _ O o)~ : _ H]_E >~ _1%1_
(Fig. 2-a)dl F<d<, (Fig. 2-b)ell W7 1 DA 22 A8 Wasl o AoD @
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o] Byt 381 %.

33. AR FBY £H

S-4 ~ 8AIAA 275 %E

FoEAYAL FUF 9 RS 2

JTAG= (Table 5, 6)7 Zth 3o

Fohgel

o)

1l

AAshe] AW BEA} e Aow P
A7k A
Ehigt. -
AA AN ARF EANAFTE F o
A AAeA A 9h7 Ol Shess o
Azl o 13, dATe o 15 AFEEe o L 0
1105%S Y. (Table 3)olAeF 2ol ;?*oﬂﬁ
HZe A9 BANUAEES FUAFEY
_ DO A kg 59
15 #Eo2 fEAY, Tl 71E¢ o ]
] _ : _ oA eFst ool 4
A Adsel pelsty sl ARz s T
0]
AN PR S Aol grae) B 2 S e

A% rakel 16 esE 4

¢

FAJALY FABAE
33 #A (r=-0.49), pHe} SS
AHJAE B

FARE A

FES UERA egith

WA=

BOD(r=0.50, p<0.01), SS(r=0.42)¢} ZFth+t2

Table. 5. Correlation coefficient between analysis items in influent of sewage treatment plant.

. Hard Free : » Total
items TU pH Temp. | DO ness Z}elii)?}lnaé NH-N Co?llf.lccttrilvcity Salinity | BOD SS iforms
TU 1

pH -0.36 1

Temp. -0.03 | 0.00 1

DO -0.21 | 0.21 | 0.34 1

Hardness 0.16 | -0.52 | -0.08 | -0.52 1

Free

residual 0.34 | -0.46 | -0.07 | -0.11 | 0.55 1

chlorine

NH;3;-N -0.04 | 0.00 | 0.30 | 0.32 | -0.15 | -0.26 1

Electric
conductivity 0.02 | -0.15 | 0.19 0.33 | -0.05 | -0.14 | 0.80 1

Salinity 0.01 | -0.05 | 0.11 | 0.01 | -0.11 | -0.11 | 0.06 -0.09 1

BOD 0.02 | -0.01 | -0.06 | -0.11 | 0.07 | 0.01 | -0.14 | -0.10 0.00 1

SS -0.18 | 0.34 | -0.14 | 0.01 | 0.06 | -0.02 | -0.16 | -0.22 0.06 0.08 1

Total -0.11 | 0.35 | 0.06 | -0.49 | 0.27 | -0.15 | 0.00 -0.19 | -0.11 | -0.07 | 0.31 1
coliforms




Table. 6. Correlation coefficient between analysis items in effluent of sewage treatment plant.

. Hard Free Electri . Total
items TU pH | Temp. | DO Hes zfl?(l)?lljr?é NH:-N Congfd?vfty Salinity | BOD | SS | .
TU 1
pH -0.19 1
Temp. -0.06 | -0.10 1
DO ~0.02 | -0.04 | 0.32 1
Hardness 0.17 | -0.26 | 0.18 0.24 1
Free
residual | -0.02 | -0.12 | 0.12 | -0.34 | 0.09 1
chlorine
NH;-N | 0.13 | 0.14 | -0.06 | -0.02 | -0.09 | 0.13 1
Electric
conductivity | 0-17 | ~0.08 | 0.03 | 0.24 | 0.27 | -0.04 | -0.02 1
Salinity | 0.12 | -0.26 | -0.09 | 0.05 | 0.31 | 0.09 | -0.06 | 0.48
BOD ~0.10 | -0.13 | 0.06 | -0.14 | -0.10 | 0.03 | 004 | 012 | -0.15| 1
sS ~0.13 | -0.16 | 0.13 | 0.10 | -0.17 | -0.01 | -0.07 | 0.06 | -0.04 | 0.53 | 1
Total
o 0.03 | -0.23 | -0.05 | -0.11 | 0.25¢ | 0.03 | 0.11 | -0.08* | 0.04 |050 | 042 | 1
coliforms
*1K0.05, **1K0.01, p: significance level
Table. 7. Total removal of water quality items.
AHAdol =4 YeEl BEHA A ‘AT
B A f71EY 9FES ol wor WES BOD | S5 | capacity
FARY A VAR Bl f71%e Bt W 0Ty ) iy
HA elFolAor @ Aoz Helth 5-1 955 | 937 | 99.8 | 350,000
] S-2 89.8 | 95.1 | 100.0 |275,000
34. A 29 B Agae 24 5-3 9%6.0 | 929 | 99.9 | 125.000
S-4 926 | 953 | 100.0 | 65,000
AR fS)S B RS FAAA BHE E s o5 s6s | 100 | 2250
& = AFF3 BOD, SS¢ A#AAE el 56 98.9 98.8 1000 | 30.000
@or tEe] BOD, SS, FuidTTe A& o7 ooz 903 | 1000 | 2200
&& (Table 7, Fig. ol HERIE. ol T2 S-8 99.6 99'2 100-0 23’000
AN A B 95 % ol AHEag= & g i : ’
) o i A 961 | 964 | 99.9 -
AEAT FUATEE AT YRE vs LT

Al YEREA T BOD+= S-289.8 %), 4(92.6 %)°l
A, SSv S-1093.7 %), 3(92.9 %)ollA HlwAH
< Agas&es B

341 S-1 ~ 3 AH &YBA

S-19] AHe AxA BAsset H5E A
Agshy MLEZHOZ 260,000 m’/day, 4stage
BNRZH o2 90,000 m*/dayS A ety #F
AP = A 2 gFo g 295t

5
AT

efficiemoy %]
& n ]

Fig. 3. Total removal of water quality items.
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