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Abstract

This study was performed to determine whether Cheonggye stream sites were
appropriate for recreational use, measured according to certain levels of bacteria.
Evaluation of recreational water was based on the analysis of total coliforms, fecal
coliforms, and E. coli, for sites along the Cheonggye stream during 2013. The standard
for recreational water was compared with environmental criteria, with levels less than
1,000/100 mL of total coliforms, and 200/100 mL of fecal coliforms, required for each
site on the Cheonggye stream. Water quality levels, which included the Seongbuk and
Jeongneung streams which drain into the Cheonggye stream, were found to be in the
following ranges: pH 7.6~8.5, BOD 0.1~2.2mg/L, SS 0.4~16.0mg/L, DO 5.2~15.2
mg/L, total coliforms 0~260,000/100 mL, fecal coliforms 0~7,000/100 mL, E. coli
0~1,700/100 mL, and enterococci 0~160/100 mL. The start point in the stream at the
Cheonggye plaza was suitable for recreational water all year round, with criteria of up
to 230/100 mL of total coliforms, and 91/100 mL of fecal coliforms. The Mojeon bridge
site was suitable for recreational water all year round with criteria of up to 400/100 mL
of total coliforms and 180/100 mL of fecal coliforms, but this was in the absence of a
sewage spill. The Supyo bridge site required attention to bring it up to the standard of
recreational water, as it exceeded the criteria with 27.8% of total coliforms and 33.3%
of fecal coliforms. This was due to the accumulation of rainfall and sewage spill.
Downstream sites were unsuitable for recreation. The findings indicated that if the

Cheonggye stream is to be used for recreation, sewage spills need to be blocked.
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Table 1. Guidelines for indicator bacteria for recreational water in various country

Indicator bacteria(/100 mL)

Country
Total Coliforms Fecal Coliforms E. coli Enterococci
Korea 1000° 200° 500° NA
France 2000 500 - 100
Japan 1000 - - -
USA - - 126° 33¢
Colombia 1000 200 - -
Poland - - 1000 -
Europe Economy community - - 500 200

a: Level II grade of water quality standard for life environmental on river.
b: Guideline for recreational water.
¢t Geometric mean value with more than 5 samples during 30 days in fresh water.
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Table 2. Criteria for indicators for bacteriological densities’(1986, USA)

Acceptable  Steady state Single sample maximum allowable density(/100 mL)
swimming geometric
Water Bacteria associated mean Moderate Lightly used Infrequently
gastroenteritis indicator Designated  full body full used full body
rate per 1000 density beach area contact body contact contact
swimmers (/100 mL) recreation  recreation recreation
Enterococci 8 33 61 78 107 151
Fresh
E. coli 8 126 235 298 409 575
Marine Enterococci 19 35 104 158 276 501

at 40 CFR Part 131, Water Quality Standards for Coastal and Great Lakes Recreation Waters; Final Rule

(EPA, 2004)
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Fig. 1. Sampling sites in Cheonggye stream.
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Table 3. Summary on water quality of various sites in Cheonggye stream during 2013

Mean value of water quality in Cheonggye stream sites(range)

Parameters

. Guideline Cheonggye Supyo Ogansu Hwanghak  Seongbuk Muhak Jeongneung Gosanja Jungrang
(unit) plaza bridge bridge bridge stream bridge stream bridge stream
(n=15) (n=18) (n=18) (n=12) (n=12) (n=18) (n=12) (n=18) (n=18)
i 6.5-8.5 8.2 8.2 8.2 8.2 8.0 8.0 8.0 8.1 8.1
P T (7.8~8.4) (76~8.5) (7.8~8.5) (7.8~8.4) (7.6~8.3) (7.8~8.4) (7.5~8.2) (7.71~8.4) (7.6~8.4)
BOD =3 0.9 0.9 1.1 1.1 1.3 1.1 1.7 1.0 1.6
(mg/L) - (0.1~2.3) 0.1~2.5 (0.1~2.4)  (0.1~2.6) (0.1~2.8) (0.2~2.5) (0.1~3.5) (0.2~2.5) (0.1~2.9)
3S 95 1.6 1.4 1.2 1.5 2.6 14 2.7 14 1.5
(mg/L) - (0.8~2.8) (0.4~2.00 (0.4~3.6) (0.4~2.8) (0.4~18.8) (0.4~3.6) (0.4~16.0) (0.4~4.4) (0.4~4.0)
DO =5 10.2 10.2 10.3 10.9 8.9 10.0 9.6 10.0 8.2
(mg/L) - (7.6~15.2) (8.1~14.8) (8.7~14.4) (8.6~14.2) (9.2~146) (7.2~12.8) (8.1~14.00 (7.6~12.5) (8.0~14.00 (5.2~13.2)
Total Coliforms® 12 230 869 1102 3807 2343 6399 3045 4577
<1000
(/100mL) (0~550)  (0~7,200) (1~3,300) (210~17,000) (300~61,000) (120~41,000) (290~29,000) (1100~ 260,000) (300~29,000) (300~49,000)
Fecal Coliforms® <200 1 55 300 527 358 721 1210 784 523
(/100mL) - (0~91)  (0~1.600) (0~1,400) (40~2,900) (70~5,400) (14~4,200) (100~7,000) (400~6,100) (200~4,200) (23~4,300)
E. Coli* 1 15 128 193 517 55
(/100mL) =00 (og) (0~920)  (35~330) NA NA (50~870) NA - (170~15000  (0~1.700)
Enterococci® 1 11 19 41 49 9
(/100mL) (1~2) (2~3)  (1~55) NA NA - (13~130) NA (18~1200  (0~160)
Flow distance from — starting 977 2717 3,985 4,500 4,650 4,998 5,421 8,120
starting point(m) point

a: Geometric mean.
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Fig. 2. Fluctuation of indicator bacteria in water samples collected at (A) Cheonggye plaza, (B)
Mojeon bridge, (C) Supyo bridge, (D) Ogansu bridge, (E) Gosanja bridge and (F) Jungrang

stream sites in 2013.
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Table 4. Accumulation of rainfall® during 5 days in prior to sampling date in seoul

Sampling date in 2013 yrs.

Accumulation of rainfall

Comment

(dd~mmm) during 5 days(mm)

24-Jan 18.6

14-Feb 1.2 Sewage spill at Mojeon bridge site
08-Mar 0.5

24-Apr 15.1

23-May 19.5

05-Jun 132.2

26-Jul 153.0

28-Aug 35.0

03-Sep 303.6

16-Sep 110.1 Sewage spill
26-Sep 4.5

02-Oct 172.6 Sewage spill
07-Oct 0.1

14-Oct 6.5

23-Oct 0.0

30-Oct 0.5

20-Nov 5.0

05-Dec 46.9

a: Reference to Korea Meteorological Adminstration(http://www.kma.go.kr/weather/climate).
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