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Marine ecotoxicological standard method was applicated using marine rotifer and benthic copepod as primary
consumer of marine ecosystem. Marine rotifer, Brachionus plicatilis and benthic copepod, Tigriopus japonicus
were designated as standard test species with the endpoints of 24hr neonate mortality (24hr LCs¢) and 48hr pop-
ulation growth (48hr ECs) for rotifer, and 48hr nauplius mortality (48hr LCs) for benthic copepod. Tests
method was referred to those of ASTM (American Society for Testing and Materials) with the replacement of
test species which are widely distributed in Korean waters. The two species showed a wide tolerance on salinity
(5~35 psu) and can be easily cultured in small space even they were not as sensitive as in the mortality test
using the nauplius of marine invertebrates. However, these species revealed the significant “concentration-
response relationship” tested with ocean disposal wastes, and reproducibility using cadmium as standard ref-
erence material between laboratories. Accordingly, these two species have good potential as test species for
marine ecotoxicological test species. Also, we strongly recommend that at least one of these species be included
in the test species of “battery test” in marine bioassay.
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YA L] AxFAR|AFE o] &3t FYEH53% 3
A e fl8te] EFAIRES AAskar e A=
st EFAFYHES eI A E AL dAt
23 =2 APAERE &5F, 45 9 &8 1= Sl 9
O, o] u|EAHR G 9 TeFst SA|7] el A e Al
o] /o] o] g-F 1 QITHUSEPA, 2002; ASTM, 1996; OECD;
http://oberon.sourceoecd.org). ¥ ATrollA= | UxAn|AS
AEA B 9 T 84 = Elste] Ful Aol AT
st EFEIA RS eIt

2 A7 AFAER] &FF B. plicatiliss 150~250 pm 27
2 Agrg $o] o W Boks st §lom, ANk Eol Wi
Zsk FY 2okl 571 eo/l7F Qo S g )9 B
£ zheth A AAAR R e, s W 71g AN =
Q3%F goFdshs ddshi= A=l th(Egloff, 1988; Wallace and
Snell, 1991; Nogrady et al, 1993). T3t AJ7fo] w211 Hjoo]
gol3}o], Mol Al (Fukusho, 1983; Korunuma and Fukusho, 1987;
Fielder et al., 2000) W A3 AE-(Moffat and Snell, 1995; Guerra,
2000 FHLASHA o] &= Utk 53] @A &R
B. calyciflorus®} 3\t &57F21 B. plicatilisi= ©17] TA1534%
< 98 ZFAEe] niAEY] FAFA B7HE 8 AlPAE
2 A o185 a1 1™ (Snell and Persoone, 1989; ASTM,
1996; Guerra, 2001; Preston et al., 2000; Preston and Snell,
2001a; Preston and Snell, 2001b), biomarker 73S $J3F AJEZ
T o]8-5 1l §lth(Moffat and Snell, 1995; Wheelock et al., 1998;
Wheelock et al., 2002). =3t B. plicatilis= 33 S =2 4~35 psu
o] ¥o] B (Komis, 1992), & 10~20 psud] @&
A} HljeFo] #HE]:= Z 0 & (Fulks and Main, 1991), 3% AEj

5487t F-8% TS FE generation timeo] - oA (oF
19) 24213 5735849 9 R SAAEA] AR ARl 7R
A W7t Wsb] el AFGES o835k Aol ulg- At
O (Ruppert and Barnes, 1994), & A= AEE
AdS Bgst] flste] AR ES o83 HAEAAAS
3ato] FaAT.

sk XX Q75 Tigriopus japonicusS Z=3F|el =2 A2]38}
of, SRR HEEIAES PSR 13 ey of
o] HolBEE 538 JXE AR $Th(Forget ef al., 1998). =
T R 22 e wstel] diel] ek Wi wolar, g a
o, & Ay W AP o] golgh Aotk (Lee and Taga,
1985; Lee and Taga, 1988; Lee, 1991; McAllen et al,, 1999; Jung
et al., 2000; Kwok and Leung, 2005). A7) &2 ZAJo] T3t o
AE7F =3 WHRAR A] Al o] 7] Wil A w7telM=
ojm] &%k vl RS FAEIE APAER o8-St Atk
(Forget et al, 1998; Barka et al., 2001; McAllen and Taylor,
2001; Kwok and Leung, 2005).
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Table 1. Summary of test conditions for the definitive acute toxicity test and salinity tolerance test with the marine rotifer Brachionus plicatilis

Parameters Test conditions

Test type static non-renewal

Duration 24h (mortality test), 48h (population growth inhibition, PGI, test)
Endpoint LCso (mortality test), ECso (PGI test)

Test organism
Age of test animals

Test temperature 25 *1°C
Test salinity 1~35 psu
Light intensity dark

Test chamber size 15 mL
Test solution volume 5~10 mL

Dilution water

Renewal of test solution none
Aeration none
Food

Number of organisms per chamber
Feeding regime

Cleaning none
Test concentrations five+control
Number of replicates per concentration 5

Test acceptability criterion

Brachionus plicatilis
neonates (mortality test), adults (PGI test)

filtered seawater (acute toxicity test)/deionized water (salinity tolerance test)

Spirulina or Chlorella vulgaris (PGI test only)
10 (mortality test), 5 (PGI test)
none(mortality test), 24 hr interval (PGI test)

>90% survival rate in control for mortality test and r>0.7(d") in control for PGI test
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Table 2. Summary of culture conditions for the harpacticoid copepod T. japonicus

Parameters Culture conditions
Culture type Static renewal
Temperature (°C) 21.0~23.0

Salinity (psu) 26.0~29.0

pH 7.8-8.1

Light quality and intensity Ambient laboratory levels
Photoperiod 16 L, 8D

Culture chamber volume (mL) 5L

Culture solution volume (mL) 4L

Renewal period (d) 7 days

Feeding regime
Oxygen saturation (%)
Culture medium

80.0~90.0

twice per day (60 mL of Isochrysis galbana and Tetraselmis suecica mixture)

Filtrated seawater (1 um cartridge filter)

slE B W 7R R oIt & ARESIITE A G Sls
26-32 psuQ O™, BF7)= 16A17HL)8ATH DR 228kt
TF5 B. plicatilis®] #ol= AP AA| wljekst S22t
&3 ™ (Table 1), X Q25 T japonicus= S
(Tetraselmis ~ suecica, 4.0~6.0X10° cells/mL)?} ZHEZH
(Isochrysis galbana, 7.0~9.0X10° cells/mL)E 2:1 H]-&Z 235
o] 19 23] 30 mL¥ FHsto] wiYkakith(Table 2).
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AR YA AL AEHESE 0~35 psuZFA] 5 psu REOE L
T FEHET=3) 2] APTEHE 2481 T SR A
AL AFFET 484]7F BF SFF2] AMAIEE W AL
2t 88 APEES SAske] diaT (Y FiE, oF 30 psu)et
Hlwste] P APEE 9 AAATAEES Aolel gk e
A7kt

=450 gk MIFEE dotr Y] fste] BESAEAE
AF-2](CuSO,, minimum 99%, Sigma-Aldrich,USA)9} 7} =
(Cadmium standard solution, Junsei Chemical Co., Japan)S ¢]3
gl Eallete] Azt w28 EE 89S H F5L
FEHE AZT FRIEF=3), o] & £ o7 sMsgiom, o
275 ¥33l0] 67 5 T7H0~10 mg/Lyels ZH2te] w5
ZollE THAIE Alrstel APEER BRI &5 AEZHA
O] 24ATF APEE(LCso)h AX 2217 1289 48R3 APEE (LCs0)
9 F5] 48A1%F ANAIRA B (ECso)y= 5788181
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7] 27t diFor Tl Rl vixlE dds 18
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Y F2& A989726.2~28.0 psw)2t 2U9] HIES 10:1(V:W)
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Table 3. Summary of test conditions for the definitive acute toxicity
test and salinity tolerance test with the harpacticoid copepod T
Jjaponicus nauplius

Parameters Conditions

static non-renewal

48hr

mortality (48hr-LCs)

Tigriopus japonicus

48~72 hr old nauplius (100~200 pm)

Test type

Test duration
Endpoint

Test organism

Age of test animals

Test temperature 2241 °C

Test salinity 5~35 psu

Light intensity ambient laboratory levels
pH 6.2~8.2

Photoperiod 16L, 8D

Test chamber size 20mL

Test solution volume 10mL

Dilution water filtered seawater/deionized water

Renewal of test solution none
Aeration none

Number of organisms per chamber 20

Feeding regime none
Cleaning none
Test concentrations five+control

Number of replicates per concentration 5

Test acceptability criterion >90% survival rate in control
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A7y TF = Qe 2SS WHEoFE F ujud 52 4
Aol kg W ket AJAIE AAScE. AX Q2 T japonicus
A2 AP S Aol 100~200 pm W2l FA1S
A Frstct, ol sk AJFAYEL] MAG= AAE Zas
MAGRE 2F 1.5~2.0015 FHISHC), A2 857 AAA7NA AL
e AR A, w2 6N, R sAel 22 1oAY =
StEE F 300 ZAF Hash AAZE 450~600 7NA T F
H]steiof st

AJg & Fo. E A2 87])= 6 well platee]™, & 6719]
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oY 9 AZEAET] Z2 A Al A, AEUER £
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Table 4. Toxicological estimation of 7. japonicus nauplius mortality test exposed to standard toxicants and waste sludge elutriates. Figures
indicate the ranges and mean values with standard deviations in parentheses

Standard toxicant(mg/L)

Waste sludge elutriate(%)

ftems CuSO, CdCl, Leather processing waste Dye processing waste Textile production waste
LCso 2.8~4.4(3.6+0.7) 1.7~1.8(1.7+0.8) 30.3~31.8(31.1£1.1) 40.4~70.2(54.4+15.0) NE

NOEC 0.6~1.3(0.8+0.3) 0.6(0.6+0.0) 12.5(12.5£0.0) 6.3(6.3+0.0) NE

LOEC 0.6~2.5(1.3+0.8) 0.6~1.3(0.8+0.4) 25.0(25.0+0.0) 6.3~12.5(10.4+3.6) NE

LCsp: Median lethal concentration, NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration, NE: not

estimated
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AFZE4] =240 of] T8t endpointst= thT2] AT AE
i) 50%ell o] 2= WP FEE(ECs)h thzT-o] &S v
50%°ll o] 2= WAAFs = (LCso)E ARSI, At WS 2k5.29)
E4Jol w2} Graphic method, Probit method, Spearman-Karber
method ¥3= Trimmed spearman-Karber methods ©]-&-3tc}, A}
W& A= arcsine square root M3lE 31, AFNE AlEs W
Sa1x] FETh AFE] AHEEE Shapiro-Wilk’s test(1965)% 71
2] #Ake] 542 Bartlett’s test(Snedecor and Cochran, 1989)
2 ZZ 3tk NOEC(No observed effective concentration)2} LOEC
(Lowest observed effective concentration)®] 2F&-2 Dunnett’s test
(1964)% o]8319] F255 a=0.0594 #HE3} A7) RE A}
8 BXe EAAEAR B4 27739 TOXCALC(Tidepool

Scientific Software, USAP L} 7|E} TAIZZ 13488 0] 83k 4= Qi)

AlEZne| Efgd A U AS

FEEYEF diet $ESFZESY dAE B

S ST S Flst EFATANELS SAEL
ZH5 (sensitivity)7} s ooksl, B3t 5] A
AF=E A S5t BFEEAS o83 SAAES AA
ofo} st} webA USEPA(US Environmental Protection Agency,
]34 B 5 3)2] ECOTOX Database System(http:/cfpub.epa.gov/
ecotox)?lIA] Algshs BFEJATELF FE=F(CACL)ol st
TET AFE A8 AT E AES 2 i st
At 7 A, FEF B plicatilis®] BRFFEAAFS S (LCs)=
51+12(38~75) mg/Le] 1L (Fig. 1, Table 5), B4 35 (ECs)
= 46+11(29~62) mg/LE LERHTH(Fig. 2). ©] A¥= Snell and
Persoone(1989)2] 7F=H-(CdCL)oll th3t &5 B. plicatilis 21
NAL] 24X7F HEHEERIAFEE(LCs0)S] 56.8 mg/LS}F B wa}o]
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LC50 of Cd (mg/L)

Experiment No.

Fig. 1. Variation of median lethal concentrations (LCsy) of the
marine rotifer neonate exposed to Cd as a reference material (a dot-
ted line indicates the average of LCs).

583

EC50 of Cd (mg/L)

Experiment No.

Fig. 2. Variation of median effective concentrations (population
growth inhibition ECs) of marine rotifer B. plicatilis exposed to Cd
as a reference material (a dotted line indicates the average of ECs).
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Table 5. Comparison of median lethal concentrations (LCso) of harpacticoid copepod 7. japonicus and other aquatic crustaceans

LCs (test duration)

Species names - - Reference
Copper (mg/L) Cadmium (mg/L) Medium
Copepods
Tigriopus japonicus (nauplius)” 3.6 (48h) 1.7 (48h) SW Present study
Tigriopus japonicus
Ovigerous female (adult)” 1.0 (96h) BW Kwok & Leung [2005]
Ovigerous female (adult)” 15.1 (96h) SW Chung et al. [1996]
Tigriopus californicus (nauplius)” 0.7 (96h) BW O'Brien et al. [1988]
Tigriopus brevicornis
Ovigerous female (adult)” 0.05 (96h) SwW Forget et al. [1998]
Ovigerous female (adult)” 0.2 (96h) SW Barka et al. [2001]
Eurytemora affinis (adult)”’ 0.03 (96h) SW Suillivan et al. [1983]
Paracalanus parvus (adult)’ 27.1 (24h) SwW Arnott & Ahsanullah [1979]
Nitocra spinipes (adult)” 1.8 (96h) SW Bengtsson [1978]
Amphipod
Elasmopus rapax (adult)” 0.2 (48h) SwW Zanders & Rojas [1992]
Marine rotifer
Brachinonus plicatilis (neonate)” 56.8 (24h) SW Snell & Persoone [1989]
Brachinonus plicatilis (neonate)” 51 (24h) SW Present study

SW: seawater (>30.0 psu), BW: blackish water (5.0~30.0 psu)
+: copepods incubated in laboratory, #: copepods collected in field
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Fig. 3. Concentration-response curve for 7. japonicus nauplius mor-
tality test exposed to various standard toxicants.

S1th(Table 5).

BEsAEdl Ugt T japonicus 7782 WS A¥84A7, T
Japonicus 32 Akl W Ilege] et 502 FEls)
Al AFE oM, Z47Ee] W AFT V)9 HEAlTE 10.0% ©]
& 34 ket gakrelel digh £-482] 4847k LCse> 2.8~4.4
mg/L H$% 2™, NOEC2} LOEC #2 ZH7} 0.8+£0.3 mg/Le}
1.3+0.8 mg/LE AF=E I tH(Table 4). Z1=F<l WSt T japonicus
FAL] 48A17F LCsoS 1.7~1.8 mg/L HYZ FAgj ) v
oA AREEIS o, A#zke] @417} w9 AT} NOECS}
LOEC 24| 0.6+0.0 mg/L, 0.8+0.3 mg/LE Ze]e] Aadw
HT} SQITH(Table 4). # A7 AH=E probit analysisE &3l i+
2st A}, AIATF @ FAER B 0.92~0.98, IFEES
0.85~0.94 T2 F AEA BF sl EAEH o3t vk
Atelel] A A7t F-lstoint. wegh 573854l thet T japonicus
TR 598 k=R el of 2n7R)F 2 Ao R
EFSCH(Table 4, Fig. 3).

Y Y LHEIS & FYF}

471 S olgsto] sl 1l frelEde] 54 3Tl
7FsAE ATl Slstel Aol 5429 T8It ¥

o~

FrlsleY 9wy §Ed w2 33572 2447 A
E A3 4807 ANATE A A, S5 AAAE o]
£33 24717 APRE Aol A o® TH 2 548 Hel
eUE G HEoUR MEIARS S (LCo)E 2.9%% LIE}
wor, g HAdo] okt e A AEsYE YERTh
(Fig. 4). TU3F A 82 0] 83 4847 AT AS A7} o
A AFFEAR AN 7 s 548 Bl ATy §
ZAae NATAAEE AHME 7P et ZAS BmYo

O-

w2 o AFE Ay ol AntE BTtHFig. 5). F-
T FNATA S E ()] & 5482l (concentration-response
relationship)& RHO|#| &of ZAQAE AXlsiH] Zlt.
X Q7Y+ T japonicus 1782 A 50l tiet 48417t LCso
< 93 {4y FEH A9 30.3~31.8% oo, 4
2 oY 40.4~702% W E YERGoU A5 H4e
FEHN AP EA St T japonicus 732 S 5
A7) wiiEell LCso gh2 A 5= 9IQlt). v8] 1l A
2 el FE90) i3k NOECS LOEC 3k J&34 7
2U7F Z¥2F 12.5%, 25.0%C1%0.0.H, A7 dleed o] A,
2 6.3%9) 6.3~12.5%% LEFSTH(Table 4). + 347}, 93
7} AT HFeY FEAL FEAPEE Al AT
F2} 0.88-0.92, 0.96~0.99 M2 AFAA 7} FEsle] 34 7
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Fig. 4. Rotifer neonate mortality exposed
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