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EZMEISMAIRE JHUS S5 SEM BHE HE ARG Mu

R ¥ 79 BAE dEAQ I3 DA BHES AoE ko] AUIFE Hrkeh] 93 5F
AHE NEs) st FARAG. TUBHANY HEA, AUAEIFsA 2 SANP AEE 27
< sty AUE 459 A W =(Daphnia sp., Daphnia obtusa, Moina macrocopa, Simocephalus
vewulus)®t =AXEFY Daphnia magnaS 1302 AUAE] AR HF AFSEE Adstaxt s
F& BYou, $Elvet FEY AEr} 602~1272 mg L'(CaC0:)9 Hldl e 7
AERSo| FEAELIAE AARY F Wy TRTFR T 29829 e el Sve B
HE AYARES 98 AH AFSSFE Z=7) 80~100 mg L'(CaC0:)¢) hard water F3shaizt gt
(20063 84 8Y A<, 2006 98 15Y el

A11o] : culture medium, water hardness, reproduction, cladocera

N B2 3t F33}3L )tHElendt and Bias, 1990; USEPA,
1992a; USEPA, 1992b; Baer and Goulden, 1998; OECD,

B9 AEE B&9 & 27h o](Ca, Mg, St, Fe,  1998). ©I%t 2] D. magna®l AMFFER ARG
Mn)9) S CaCO:® BE@Epm)E 418 oty & 52 AEFE A3 ofE o] Fo] et &
9 AT E AAIE F 290S Yo ygoz g & AFAGY AFAY Ve F2 EIxIvhe
5o} YE Ca, Mg o]£9] Folthdl, 2004). o] = 7+ (Koivisto, 1995) WEISHH S5 wgd Aoz Ad
F& M3stE 934g /R AAFY g2 wix g0 2EY S EHse Arde AR w4
2o Y2o| D5 gran HusAc) xe  BE = A, 35 T FF9d 22X} 7] W
AT 359 Ao Malste Arse Axezx o U AR Axd TR AR Ad
o] Al FEZHA U Yo Axso] ZAAE we T ALE BAGHY, A AETe B nE
Ashd  N3sE BEE ma ohlg wze  IUA S AE AR, U4 59 9% 47
(amphipods) L} 7hAlcraytishy 59 WA Bxe) vy AREE AR Aol
Fo8 AAa002 AgdchHessen e al, 2000) gep £ d7E T A4ste F2 2HS T
T3 ATE AFAEAANE vAEY e Fza  AHBEAAMY diRd, dWASTReA 3 SA4AE
= 925 AR Aol FxE FreA | o A A7 T& st ALE 4F9] A
oA Ee AFAAE fE el 2004) FHEF, T EWE Daphnia sp., Daphnia obtusa, Moina macrocopa
2, &, ofd, UA S9] 2228 Ao Zild w and Simocephalus vetulus(3, 1988; &, 1995)o] theh
& ZAANE o e FAEA0] RolAgnr ¢y  HH AR ARETE AdE] A FAHAT
A SJtHLeeuwen and Hermens, 1995).

USEPAY Daphnia magna® ©|43 EZHEE4A] ME B
PN A AE7}F 160~180 mg L' (CaCO5)2) hard
waterS AHESHEE sla §lom OECDAAME AX7} B A AR 459 IA =85S Daphnia
°F 250 mg L'(CaCO5)% Elendt M4S} Elendt M7 sp., Daphnia obtusa, Z-o|UEHE(Moina macrocopa),

medium F 7}A7} EHES A7 ALREte A4 NN 2E8 Z(Simocephalus vetulus) Q.2 25 ZAT)

Sl BEE wRor], T BWS) ALz
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Table 1. Preparation of synthetic freshwater using reagent grade chemicals (USEPA Water Quality Criteria)

Water Reagent added (mg LY Final water quality

type NaHCOs;  CaSO; - 2H:0 MgSO0, KCl pH Hardness Alkalinity
VSW? 12.0 75 75 05 6.4-6.8 10-13 10-13
sw” 480 300 30.0 20 72-7.6 40-48 30-35
MHW* 96.0 60.0 60.0 4.0 74-7.8 80-100 60-70
HW? 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120
VHW 384.0 240.0 240.0 16.0 8.0-84 280-320 225245

IVSW: very soft water, YSW: soft water, “MHW: moderately hard water, YHW: hard water, “VHW: very hard water.

A% FAHoE FAE AlFHHAe] nug A =
AEZF%ER] Daphnia magnas =318t AF oo B
oo} AHE-EHS T

AEEEE YA FAsH7] 3l 200C2 g3
S 23 water bath ¢t AFSR7]E 3o, o
) FL&8 20+1°C, FZA 16A17H500~800 Lux), ¢
Z7 AR E 3. Ao ALEE AT 2447
olHe oY EWRS £ 3] HF 1¥94

Fa3 Y 719 Eofde oY EnE

S 443 AA}L e Hod EBENe 3
3t AME-3H T

HoO|ZE Chlorella vulgarisS @A thaujd
3 5 st YARASEA WA 25x10°~5x10°
cells mL'9] $E& Fodsiided old AAAS=
Holo] T g A 33 ALFE 1 FE F7IA
HPAEES FASES s

AlE EXEY HA ASTE AAs] 98 &
o] Whio wet 5% AMRFE ZAISH 2447
Qb BSHAl E71% T ARSI A A4
Antctk Hag 1ovte] o)de] EHEE AMEEGTh
13875 125 mL fHlo]AE Ag3gon, 2t
Hlo]7 ¢l 100 mL9] AMS4E iﬁ%i WA glojd A
247170] HA $& o EWES 1vElY FSlEY
o ARSSE 95 29 ﬂxﬂo}‘ﬁoﬂﬂ Al g 717he
USEPA®] D. magna W2SAAAEHAA A5l 7]
ZE 2192 3oy M macrocopaxs HTFEO)
26°Cx2°CxAAA 11.6Y9E (Chu et al, 1997) THE £
o w3 w9 FH7] WE ZAZTES 1042 39
o oMY A EWEY gIoR, 23 oY 24
59 g, oule] XA, ol 58 BESHL
AP oY EHWFL vlElsE Asd F AErz
A AMAAHG. A HEFYAe 2 EHEY AF
& A F o g St =l Villarroel 5(2003)°]
ZAEE 71E ASI el AgE| R A RE

1
&
z

>

__/

w7 e) F1ARAA Lolg ZAIBAT

YUt AE] YRtAQl AEE gst7] $5ke
&, 27, ‘%‘ 7, 97, DAY ERAMY
& AFste AFAWIA EDTA HAHE AHE-3le
7 81 A THKim, 2006).

4o U D@
S5 7 20| W& Daphnia sp.8] A5 4%
AbFSe E7} Daphnia sp.9] A&l v|X<= 9%

& HYGE 2) 219719 AEEC] HWIAAME 75%S
5'.9&01»} B2t 454 ARSI E 100%9) AEE
S Ygith A E44a a9 VHWIIAE 1099]
74%‘101% O AMSFolMe 7.0~88Y¢] AP ozt
wel]e A4S Bk 2197ty E44E VHWY
ANE 49778 7P @ken VSWolA 12357
2 O ggeg wokon uwA 3FY AgFE
141.2~1633v18] 2 E4+47) Hlszstdoh 48
VHWO|A] 33] &4te 2 7bF Aflew yweA *}%
FNE 60~7038F Z ol YUY I 4+
Ao Ak A7l EWEY 4+ VHWS szoﬂ/\i
184¢} 1767201 YH A& 20918 o]dog
3ok 219 39 AL 30~33 mmZ HIS3S
ot 2u3l$e VHWS 937 7 Ao ymzA|
AL <F 108~1253]9] 295 SGinh
Daphma sp.= VHWo A AFo] A3 Az vt
VSWol A e 271dE wE WSS EYou 10Y
OH"—Pr He A7le) 47 wolAd, o)99) 3%
ARSTE dAZ ASHQ] 24 gt g5 S
S B3 AR Ueyth VSWE A3 YA b

FAAE F& Ak ERHRLY 2 7 @A
BT R} FA W ARE Fh BT gREoE
e e AN JE old ENTel 27
7 29 2971 97) GElth o o2 OBCD
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Table 2. Effects of water hardness on survival, reproduction, and growth of Daphnia sp. during 21-day life study

Parameter Water type

VHW HW MHW SW VSW
Survival rate (%) 100 75 100 100 100
Reproduction
Days to first brood 10.0+1.7 8.0£0.0 7.0+0.0 8.842.5 7.0+0.0
Total offspring 49.7+6.7 163.3186.4 141.2+19.5 151.3+42.1 123.5+12.0
No. of brood produced 3.0:1.0 6.0£1.0 6.4+0.5 6.0£0.8 7.0£0.0
Brood size 18.4+8.9 26.1£10.0 22.1£3.1 24,9445 17.6x1.7
Growth
Length (mm) 3.1+0.1 3.320.1 3.110.1 3.3+0.1 3.0+0.0
Molting time 9.0£1.0 11.310.6 10.8+0.8 11.310.5 12.510.7
Abnormal symptom SB” SB SB SB -
¥ Stillbirth.

Table 3. Effects of water hardness on survival, reproduction, and growth of Daphnia obtusa duting 21-day life study

Water type
VHW HW MHW SW VSW

Survival rate (%) 60 80 100 100 100
Reproduction

Days to first brood 14.7+12 6.0+0.0 8.00.0 8.00.0 6.00.0

Total offspring 73455 131.3+29.6 97.2420.5 100.6+25.2 82.3%6.1

No. of brood produced 1.7£12 7.5+0.6 6.0:0.7 6.0+1.0 6.510.6

Brood size 5.1%5.2 17.5+34 16.3+3.2 17.1+4.9 12.8+2.0
Growth

Length (mm) 22403 2.6+0.1 2.5+0.1 26102 26102

Molting time 9.7+0.6 10.0£0.8 10.240.4 10.0+0.0 10.0+0.0

Abnormal symptom SB” sC” SB,SC SB SB SB
IStillbirth, "Swim on carrying.
o] Daphnia magna WA EZAZHANAME FEA] A Hlszalginh. E4k8)E VHWOIA 1.73] S41e 2 7}
Hjol A U2 ol EWES 230 A& 2R Qo UYmA AMEFAAE 60~7538 2 2}

4
A3k ATHOECD, 199) o Gt BW MG AN A7 BN
FE VHW, VSWelNE 747 51, 128viE® H3is

A9 AT A4 BE D obtusad S I U RE 163~17571] A2 4F3Ach 219+

# 3& AR ZAEVL D oobusa®] A& wA= o] AFe VHWY 22 mmE AP UmA AR
FHS U Ao 2197 AEE0] VHW A Fo A 25~2.6 mmE HISEHT VHWS} HWOI A
£ 60%, HWOl M= 80%E B ot UmA] 332 A} A3 EWZo| meld Hol2 F Z52FE &3 v
F4ol M= 100%9] AEES JeERJTE 3 24 & £ Ao BAYEH ol EHEY 1Pl 4 &
898 VHWOIME 1490] ZHF oY T ARSSo of Fg $FAS HAFA X W Holg & =
AME 60~80%0] Ay o WA e AgE HY Z77F B¥s meld 44 ] wtde dde
o 21979 EAE VHWOA 730ke]2 P 2 B9 A3 E 44 F98 F e dEd
Rko™ VSWelA 3vuiElE 1 TgeR ugtow 2 B4% shioltt

Uz 329 ALS4E 972~13137H R 2Ak7)
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Table 4. Effects of water hardness on survival, reproduction, and growth of Moina macrocopa during 10-day life

study
Parameter Water_ type
VHW HW MHW SW VSW
Survival rate (%) 100 100 100 100 40
Reproduction
Days to first brood 4.0:0.0 4.0+0.0 4.0£0.0 4.0£0.0 4.0£0.0
Total offspring 77.6+4.0 91.5+5.8 113.0+6.8 60.8+6.8 53.8+27.8
No. of brood produced 42404 4.0+0.0 4.410.5 4.0£0.0 32413
Brood size 18.742.4 22.9+15 26.0+3.4 15217 15.645.1
Growth
Length (mm) 1.8£0.0 1.9£0.0 1.80.1 1.7£0.0 1.9+0.1
Molting time 6.0+0.0 5.5+0.6 6.0£0.0 6.310.5 6.0£0.0
Abnormal symptom - SBY R R
Stillbirth.

AbS49) Ax ZA9 WE M. macrocopa®l S
I

A7 M. macrocopa®] A5l WAE 9
WG 4) 1097 AEEo] VSW 40%S A9
E5 100%5 UEHen A A dY A
T AREFOlA 4doldTh 1097y FE41
MHWOA 718 =& 113088 HYT VSWolHE
538uEl2 b we EkE R EMNIsE
VHWel A 323] &30 3 7HF Ao ymx] A%
FoAME 40~4432 2 Fo|7} GG IH 41
Alol] Azkgl A7) EWEQ = SW, VSW, VHW
ME 152, 156, 18772 AU HWS MHWO) A
Zzy 229, 2607 £ 2001 o)Ato|ith 109
AL 1.7~1.9 mmZE A% W& zlo]7} gigde
293 5563382 2 o)7t Itk Chu
(1997)°] M. macrocopa®] W3t methoprene®] %32
AR A7 AAE Be ZEE 4 5 Qe o A
A% FREE AMSE M macrocopa ov] 3 gz}
B AN EWESIL 3 elvlelg B 4¥9
MHWO X 109719 & &4 113vleld] 24 ¥ v
A3 SWE VSWe A Aol ARSI o] Ax}
9 zeole &, Ho|, AASURE 5 e AR
o] ztololA 7IA% Ro|ATk AMFFe] AL A)

o
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ALE4 A ZAd ©OE S, vetulusd) A-S g
A AETY S vetulus®] Ao TR 9IS
HYAGE 5 214939 AEE0] HWSE MHWO A

100%E R Yrxe ZF 80%E YEldd. A
AR ZE A BE ARESOA 9Y0A 10Y
H&E oy 21979 FE4E MHWA 7
£2 9077 S HY3 VHWOIAME 53vt8]&2 7}
& BT E484 e MHWA 6.33]
14 2skor VHWOIAN 133 &4tog 714 3

ok S EARAle] AbE A7) EERY £ SW,
VHWO A 8.1, 34v}E]2 H1 HWS MHWA &
144, 1457212 Fz3ch 21959 A2 HWS
MHWOIA 24, 25 mmZ Aoz ZAgon gy
e AR 1 8~10312 & o)/} YTk VHW
Jqre mERdd 2F T 21 FYste MA
Ao HWOME F& AJ7)7F E4bE Ao

F 60llM 9} 2o FAFH g BLEHe EFEQ D.
magna®] A5 nXe ARSTY AR S FAL
3 AHE BEH 35 9 S48l P s
A¥E B2 hard water’} D. magna® AETE F
& RAo2 FAIEoO] v EPAY  D. magna® %
AN AAEE ARES 71ET SR8

olte] AA}E FFEH MY & BEF 280~
320 mg L'(CaC0s)9] hard water®} 713 2& AT
¢l 10~13 mg L'(CaC0)? soft waterdlAE Uit
EH 5o A7 Hao] qAHoE HEE BHAF
I Yo AR A A EXEY A% ¥
& WS T8 JFS AT USS FAA
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Table 5. Effect of water hardness on survival, reproduction,
study
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and growth of Simocephalus vetulus during 21-day life

Parameter Water type
VHW HW MHW SW VSW

Survival rate (%) 80 100 100 80 80
Reproduction

Days to first brood 10.3£0.5 9.0£1.0 9.00.0 10.320.5 10.5£0.6
Total offspring 5.36.7 76.7+35 90.749.1 27.8421.5 71.0£22.5
No. of brood produced 1305 5.3+0.6 6.3+0.6 3.0x1.2 4.5+0.6
Brood size 3443.1 14.4+1.0 14.3£0.9 8.14.4 155432
Growth

Length (mm) 1.8+0.2 2410.1 2540.1 2.120.1 2.120.0
Molting time 8.0+1.4 97+12 10.0£0.0 93106 9.5:1.0
Abnormal symptom SCY SBY - - -

“Swim on carrying, "Stillbirth.

Table 6. Effects of water hardness on survival, teproduction,

and growth of Daphnia magna during 21-day life study

Parameter Water type
VHW HwW MHW SW VSW
Survival rate (%) 100 100 100 100 100
Reproduction
Days to first brood 7.620.5 9.0£0.0 8.0+0.0 7.6+0.5 8.0+0.0
Total offspring 114.6+11.1 142.0+36.9 99.6+3.3 94.2+15.5 112.848.2
No. of brood produced 54405 6.8+0.8 4.8+0.8 52+04 52404
Brood size 21.3+x19 20733 21.2+34 24.5+4.6 21823
Growth
Length (mm) 4.4+0.1 4.4+0.1 4534 4.4+0.1 42401
Molting time 9.0+0.7 9.0+0.7 9.4+0.9 92104 9.6+0.5
Abnormal symptom - - do” do -
“Stillbirth.
o) ZgRE3 B0l 9lTHHessen e al, 20000 3} B Ao Azl A 7jEe] ind It B
Fou, B A7Y AgeMe AEE 2FsE F8 59 HA Holx7y 2z B AT 2
o]l ¢ Zad wiodlgo] HFoE Bojt 1T (H 5, 2004, 3 T, 20055 HL&3hH JYAt E
BEFidME FUt Bu5e A3 W] A 2o Ags448S A R H Aol E
£ T F Ak Ao g Z|dH
AEXoZ U4 EBEL HI3 hard waterst
soft waterdA 7} 43 S-S Rgou) 18 1 ole2s
odlA Hi= wpel o] U BE Axrt HF
783 mg L'(CaCOsolR oW ZAWE nE JEA g7} Baer, K. N. and C. E. Goulden (1998) Evaluation of a
602~1272 mg L'(CaC0»)<] A= ¥W9o] Adud A high-hardness COMBO medium and frozen algae for
= Aetetd fEuE EWEY] AuaSS 93 3 Daphnia magna. Ecotox. Environ. Safe 39:201~206.

A AR AE7F 80~100 mg L(CaC0:)<l
waters 3} 4} $ic)

Chu, K. H,, C. K. Wong and K. C. Chiu (1997) Effects
of the insect growth regulator (S)-methoprene on
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Selection of Optimal Culture Media for Developing Standard Ecological Toxicity Test Methods using Korean
Freshwater Cladocera

Byung-Seok Kim*, Yoen-Ki Park, Kyung-Hun Park, Jin-Kyung Kim, Jin-Sup Shin, Jin-Hwa Kim, Seong Myeong
Yoon" Young-Joon Ahn’ (National Institute of Agricultural Science & Technology, RDA, 'Department of Biology
education, Chosun University, “School of Agricultural Biotechnology, Seoul National University)

Abstract : The purpose of the current study was to develop a standard method to assess the ecological effect of
pesticides using the representative Korean freshwater cladocerans. The indigenous cladocerans, Daphnia obtusa,
Daphnia sp., Moina macrocopa, Simocephalus vetulus and Daphnia magna formally endorsed by the major
international organizations were tested to select optimal culture media in laboratory condition. All of the Korean
water flea tested showed good growth and fecundity in the moderately hard water (CaCO; ranged 80 to 100 mg
L") and soft water (CaCO;s ranged 40 to 48 mg L"). However, considering that the total hardness of fresh water
collected from 5 rivers ranged from 602 to 1272 mg L' (CaCO;) and Ca deficiency could be a major
determinant of species success and community structure among crustacean zooplankton, the present study suggests
that the optimal water hardness for growing Daphnia sp., Daphnia obtusa, Moina macrocopa and Simocephalus
vetulus is 80~100 mg L' of CaCOs.

Key words : culture medium, water hardness, reproduction, cladocera
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