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The ecotoxicity value of unknown harmful substances contained in effluent was calculated by determining
the health status of Daphnia magna (water fleas) through a standard reference toxicity test (ES 04705.1b). For
this test, the Daphnia magna was cultured with static non-renewal culture and the Daphnia magna neonate was
separated, which was time-consuming. This problem was solved by developing a continuous water flea culture
apparatus and a continuous culture method. Standard reference toxicity tests were performed to confirm the
health status of static non-renewal cultured Daphnia magna and continuous cultured Daphnia magna. We
found that the average test value (ECs) for neonate separated from static non-renewal cultured Daphnia magna
was 1.020 mg/L. Additionally, the average test value (ECs) for neonate separated in natural flow from con-
tinuous cultured Daphnia magna was 0.992 mg/L. It was confirmed that the ECy, values for potassium dichro-
mate were in the satisfactory range of 0.9 to 2.1 mg/L, so it was valid for ES 04705.1b and ISO 6341:2012.
In conclusion, there is a high chance for saving time and effort for toxicity evaluation when the continuous

culture apparatus is used.
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Fig. 1. Static non-renewal culture.
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Fig. 2. Chlorella Vulgaris’s precipitation
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Fig. 3. Appearance of female Daphnia magna

Table 1. Culture medium analysis: target ingredients and

methods
Test item Analysis method
Potential of Hydrogen ES 04306.1c
Dissolved Oxygen ES 04308.2¢c
Temperature ES 04307.1b
Hardness ES 05301.1b
Alkalinity KS T IS09963-1

04704.1b0] w2} Alzstc}, Al2E vjgd e 8544 3
mg/Lold, pH 7.6~8.0, A% 160~180 mg/L as CaCO,,
%ﬂ 110~120 mg/L as CaCO3 olojo} gt} 237
50 ol 7t AT
??_E]— 4, 7, 58| Zxol=F o]§3l]
Daphnla magna=-S /‘Hi Az vjge o g Ao
NG SANA v e == St

2.3. ti¥=A

ES 04704.1b0] we} EWEL] wigkzde o2t 2
T} 25E 20£2°C, ZEE 500~1000 Lux® 2, 16A17F
2 HS FFNFIL, A7 o T AJETF HEE A
glof st} o] st S WA= EWS wjYr] o
oA wj gk gt

24. Ho|

Daphnia magna®] ®o|2= 5271 Chilorella vulgaris
2} YCTE ARSIt} Chlorella vulgaris®] BEI= Fig. 4
9} 7202 YCTE Yeast, Cerophyll, Trout chow”} &
3t Aot} Chlorella vulgaris®t YCTE= ()W
oA Al Zstes 2 ARSI
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Fig. 4. Appearance of Chlorella vulgaris.
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Table 2. Feeding amount per 50 neonates according to the

culture day
C. Vulgaris YCT Input
Culture day Input Volu‘fne (mL)  Volume ?mL)
2,4 day 03 mL/2 L 03 mL2 L
3,4 day 04 mL/2 L 04 mL/2 L
4, day 0.6 mL/2 L 0.6 mL/2 L
54 day 09 mL2 L 09 mL/2 L
6y, day 1.3 mL2 L 1.3 mL2 L
T4 day 1.7 mL/2 L 1.7 mL/2 L
8, day after 20 mL2 L 20 mL2 L

Table 3. Feeding amount for 10 adult Daphnia magna per
one liter after separation

Culture day Inplft" Vgign?:imm Vl(lileln(ﬁ?i)
9y day 0.6mL/1 L 0.5mL/1 L
10,, day 0.7mL/1 L 0.6mL/1 L

11, day after  0.7mL/l L 07mL/1 L
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Table 4. Acute toxicity test condition

Photoperiod Light : Dark=16h:8h
[lluminance 500~1000 Lux
Exposure time 24 h
Temperature 20+2
Number of repetition per concentration 4
Number of neonates per concentration 20
Sample volume 50 mL
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Fig. 5. Example of a function graph showing the log value
of the concentration-response (%).
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Fig. 9. Front view of separation apparatus.
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Fig. 10. Combined view of separation apparatus and continuous
culture method.

Fig. 11. Supply of new culture medium through the discharge
tube.
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Table 6. Survival Daphnia magna results in continuous culture apparatus

Number 1 Apparatus Number 2 Apparatus Number 3 Apparatus

Date Culture day for survival unit for survival unit for survival unit
2023.04.17 12, day 10 10 10
2023.04.18 13, day 10 10 10
2023.04.19 14, day 10 10 10
2023.04.20 15, day 10 10 10
2023.04.21 164, day 10 10 10
2023.04.26 21y, day 10 10 10
2023.04.27 22, day 10 10 10
2023.04.28 23,, day 10 10 10
2023.05.01 264, day 10 10 10
2023.05.02 27, day 10 10 10
2023.05.03 28, day 10 10 10
2023.05.04 29,, day 10 10 10
2023.05.05 30y, day 10 10 10
2023.05.08 33, day 10 10 10
2023.05.09 34, day 10 10 10
2023.05.10 35, day 10 10 10
2023.05.11 36y, day 10 10 10
2023.05.12 37 day 10 10 10
2023.05.15 40,, day 10 10 10

Table 7. Standard reference toxicity test results of neonate separated from static non-renewal culture (2023.04.20 ~ 2023.05.03)

Test date The test value for neonate separated from static non-renewal culture (mg/L)
2023. 04. 20 1.025
2023. 04. 27 1.061
2023. 05. 02 0.989
2023. 05. 03 1.098
Minimum Concentration (mg/L) 0.989
Maximum Concentration (mg/L) 1.098
Average Concentration (mg/L) 1.043
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Table 8. Standard reference toxicity test results of neonate separated continuous culture (2023.04.20 ~ 2023.05.03)

Test date The test value for neonate separated with pump from continuous culture (mg/L)
2023. 04. 20 0.932
2023. 04. 27 0.68
2023. 05. 02 0.83
2023. 05. 03 0.919
Minimum Concentration (mg/L) 0.68
Maximum Concentration (mg/L) 0.932
Average Concentration (mg/L) 0.840
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Fig. 15. Neonate separation method in natural flow from
continuous culture.
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Table 9. Standard reference toxicity test results of neonate separated in natural flow from continuous culture (2023.05.04 ~

2023.05.11)
Test date The test value for neonate separated in natural flow from continuous culture (mg/L)
2023. 05. 04 0.962
2023. 05. 09 0.956
2023. 05. 10 1.025
2023. 05. 11 1.026
Minimum Concentration (mg/L) 0.956
Maximum Concentration (mg/L) 1.026
Average Concentration (mg/L) 0.992
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Table 10. Standard reference toxicity test results of neonate separated from static non-renewal culture (2023.05.04 ~

2023.05.11)

Test date The test value for neonate separated from static non-renewal culture (mg/L)

2023. 05. 04 0.993

2023. 05. 09 1.097

2023. 05. 10 0.962

2023. 05. 11 1.026

Minimum Concentration (mg/L) 0.962

Maximum Concentration (mg/L) 1.097

Average Concentration (mg/L) 1.020
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