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Abstract

The purpose of this study conducted in 2017 was to evaluate the water quality of

the Han River by conducting the acute toxicity tests with Daphnia magna at the public

sewage treatment facilities in Seoul and at points in the Han River where waste water

entered. In addition, we analyzed the physico-chemical parameters and tested for heavy

metals in the water. Ecotoxicity tests with Daphnia magna were conducted on samples

from the influent at the public sewage treatment facilities and the results showed an

average toxicity unit(TU) of 1.6 and a maximum TU of 5.7. However, ecotoxicity tests

of the effluent, which is discharged to the Han River after treatment, showed a TU of

0.0. Acute toxicity tests of 76 samples at five sites corresponding to 2~4 sections of

the Han River recreational water body only showed a TU of 0.5 in the sample from

the Seongsu Bridge collected on 10th October. There was a limit to the interpretation

of the cause of toxicity. Except in one case, most of the samples in the Han River

showed a TU of 0.0. The concentration of copper, zinc and chromium, the three heavy

metals that affect Daphnia magna, were found to be lower than the half-effective

concentration(ECsp) or the quantitative limit. Therefore, we considered the Han River to
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be safe in terms of ecotoxicity with Daphnia magna. However, there is a limit to

evaluate the ecological safety of the Han River with a single species of Daphnia

magna, it is necessary to expand the evaluation with other species(luminescent bacteria,

algae, fish, etc.) in the future.

, the public sewage treatment facilities,

: acute toxicity, Daphnia magna

Key words

, recreational water body

ecotoxicity, TU(toxic unit)
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Fig. 1. Schematic diagram of water quality effect sources to the Han River.
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Table 1. Public sewage treatment facilities status in Seoul

Discharge water body

Site Cafaﬁlty Treatment process Disinfectant Magag?ment

(107 m'/d) Tributary Main stream district

IN 159 AS® AAOP MLES Sodium hypochlorite, Jungnang  Han River Northeast area
Ozone of Seoul

™© 9 MLE Sodium hypochlorite  Tancheon  Han River ~ Cutheast area
of Seoul

NJ 86 AAO-MLE Sodium hypochlorite - Han River ~\crthwest area
of Seoul

SN 163 AS. MLE Chlorine _ Han River Southwest area

of Seoul

® (Conventional) Activated Sludge
® Anaerobic Anoxic Oxic
¢ Modified Ludzack-Ettinger
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Fig. 2. Sampling sites at public sewage treatment facilities in Seoul and in the Han River.
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Table 2. Water quality parameters of influent at public sewage treatment facilities in Seoul

IN#2 JN#3 TC NJ SN
Water temp. 18.5 18.7 19.7 19.7 19.2
(c) (11.7~25.9)"  (11.4~25.9) (10.8~27.2) (12.0~25.0) (10.5~28.2)
. 71 7.1 7.3 7.0 6.9
P (7.0~7.2) (7.0~7.2) (7.3~7.5) (6.8~7.1) (6.6~7.3)
DO 0.7 1.2 1.3 0.4 1.4
(mg/L) (0.3~1.2) (0.6~3.1) (1.0~1.5) (0.3~0.6) (0.3~2.9)
Conductivity 670.9 739.9 741.8 638.1 768.1
(11s/cm) (581~750) (651~808) (417~844) (377~1799) (707~844)
Ammonium nitrogen 29.8 35.8 33.3 29.3 33
(mg/L) (22.0~40.0) (12~22.0) (16~39) (11.0~36.0) (28~38)
Hardness 91 91 92 89 96
(mg/L) (68~110) (78~110) (68~105) (64~100) (74~120)
Salinity 0.3 0.4 0.4 0.4 0.4
(*/00) (0.3~0.4) (0.3~0.4) (0.2~0.4) (0.2~0.4) (0.3~0.4)
Acute toxicity 1.3 2.0 1.2 2.1 1.6
(TU) (0.0~5.7) (0.3~5.7) (0.0~2.5) (1.1~3.2) (0.4~4.0)

¢ (min. ~ max.)
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Table 3. Water quality parameters of effluent at public sewage treatment facilities in Seoul

JN#2 JN#3 JN#4 TC#1 TC#2 NJ#1 NJ#2 SN

Water Temp. 19.0 19.5 19.9 20.5 20.6 19.5 19.5 19.6
() (11.9~25.5)" (11.7~26.2) (13.5~26.3) (12.9~27.5) (12.8~27.6) (11.0~26.1) (11.0~26.0) (11.8~27.6)

q 6.5 6.5 6.7 6.5 6.6 6.4 6.3 6.5
P (6.4~6.6) (6.3~6.7) (6.4~7.2) (6.2~7.4) (64~6.9 (6.2~6.6) (6.1~6.4) (6.2~6.7)

DO 8.5 6.0 2.1 1.3 1.5 1.9 1.9 8.1
(mg/L) (6.3~100  (4.3~6.8) (1.0~5.8) (1.2~1.5) (1.2~1.8) (1.7~2.2) (1.7~2.3) (6.9~8.4)

Conductivity 535.9 602.1 668.1 582.3 619.8 536.9 536.8 554.1
(us/cm) (452~651)  (534~666) (585~T29) (431~675) (465~T754) (429~597) (421~598) (349~T11)

Ammonium 1.1 3.1 15.7 1.8 4.3 1.1 0.8 10.2

Nitrogen(mg/L)  (0.0~3.0) (0.0~7.0)  (2~22) (0~5.0) (2~10) (0~6.0) (0~5.0) (3~20)

Hardness 86 90 88 91 91 89 90 82
(mg/L) (67~110)  (79~105)  (65~110)  (80~110)  (78~105) (60~110)  (72~115)  (47~119)
Salinity 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

(%) (0.2~0.3)  (0.3~0.3) (0.3~0.4) (0.2~0.3) (0.2~0.4) (0.2~0.3) (0.2~0.3)  (0.2~0.3)

Residual 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

chlorination(mg/L)  (0~0.02)  (0~0.02)  (0~0.03)  (0~0.02)  (0~0.01) ~ (0~0.01) ~ (0~0.02)  (0~0.03)

Acute toxicity(TU) 0 0 0 0 0 0 0 0

¢ (min. ~ max.)
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—«&@— Discharge(flow rate) at S6, m3/s

—@— Effluent discharge of PSTF, m3/s

2216
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Fig. 3. Effluent discharge of public sewage
treatment facilities(PSTF) in Seoul and
discharge at Haengju Bridge(S6)
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Table 4. The ratio of effluent discharge of public sewage treatment facilities in Seoul to

discharge at Haengju Bridge(S6)

Month 1 2 3 4 5

6 7 8 9 10 11 12

Ratio®(%) 8.3 8.7 7.4 7.1 7.7

8.2 3.2 2.8 5.4 6.6 8.0 9.3

¢ Ratlo(%) = QEfﬂuent/QTotal x 100

QEfuent: Effluent discharge of public sewage treatment facilities in Seoul, m'/s

Qrotar: Discharge(flow rate) at Haengju Bridge, m'/s
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3) S5 I Azt e A AAddalss)eld  0.011
gA s Ui F2% 32 2Aegr. = mg/L HEE BFE Adsu BF AFgEA o
Zo| EHS Qo7 & g Fzzo gluy SIATHE 5). 7219 24Xk g e = (ECx)

S ke
Cu)&, e olel ZE So] glom o] 7} 0.030 mg/Lola, 48A17+-ECs7b 0.021~
8(Cu), oA (Zn), 22(Cr)o] ua] BAg  0.146mg/L FEoE delA Slof, oWl HE

Table 5. Water quality parameters of water samples in the Han River

s1 2 s3 s4 S5
. 20.1 20.3 20.5 20.4 91.2
Water temp.(C) (11.7~26.5)"  (12.3~26.4) (11.7~26.5) (11.7~26.5)  (11.9~26.6)
- 7.48 7.37 7.36 7.39 7.59
P (7~8) (T1~7.7) (7~17.6) (7~7.63) (7.1~8.4)
9.7 9.1 8.95 9.18 9.41
DO(mg/L) (8.4~11.1) (8.1~10.3) (7.2~10) (7.4~10.4) (7.2~12.3)
Conductivity (s/em) 998 263 246 249 268
# (133~286) (133~345) (143~313) (143~317) (138~903)
Ammonium nitrogen 0 0 0 0 0
(meg/L) (0~1) (0~1)
67 72 70 67 66
Hardness(mg/L) (32~88) (39~94) (47~81) (34~84) (42~105)
. 0.1 0.1 0.1 0.1 0.1
0, . .

Salinity (%) (0.1~0.3) (0.1~0.2) (0.1~0.1) (0.1~0.3) (0.1~0.4)
o 6.5 7.0 8.5 9.8 20.5
Turbidity (NTU) (2.7~31.3) (3~34.2) (3.4~98.6) (3.6~28.7) (1.3~115.9)
. 0.11 0.11 0.10 0.10 0.11
Fluoride (mg/L) (0.10~0.15)  (0.10~0.12) (0.09~0.12) (0.09~0.11)  (0.08~2.22)

. 20.19 26.03 92.9 21.76 30.89
Chloride(me/L) (6.82~33.86)  (5.72~42.92)  (6.98~36.93)  (6.98~36.17)  (6.29~208.50)
o 2.35 3.11 2.76 2.75 9.81
Nitrate"(me/L) (1.75~3.01)  (1.66~4.35) (1.76~3.79) (1.79~3.67)  (1.49~5.35)
Sulfatel(ma/L) 15.20 16.61 15.76 15.65 16.82
(8.73~19.73)  (8.04~22.13)  (9.99~20.87)  (9.11~20.45)  (8.72~43.68)
Acute toxicity(TU) 0~0.5 0 0 0 0
Cu(mg/L) <0.006 <0.006 <0.006 <0.006 <0.006~0.011
70" (mg/L) <0.002~0.003 <0.002~0.006 <0.002~0.005 <0.002~0.010 < 0.002~0.013
Cri(mg/L) <0.007 <0.007 <0.007 <0.007 <0.007

fi (min. ~ max.) LOD(Limit of Detection) is 0.004 mg/L, * LOD is 0.015 mg/L, " LOD is 0.003 mg/L,
' LOD is 0.009 mg/L, ’ LOQ(limits of quantification) is 0.006 mg/L, £ L0Q is 0.002 mg/L,
! LOQ is 0.007 mg/L, ™" Sample numbers were 75.
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