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SFYeN =371 A FAAETHOR A EAS] VRS tiEshs =S8 TES] Skeletonema
costatum, Heterosigma akashiwo, Prorocentrum micans, Isochrysis galbana, Tetraselmis suecicas ©]-8-3t01 &
A4 ofn] A¥e TRt 0% TFAEVER IPHFERR] S, costatums EFAFYEEORE Al om,
Endpointi= 72~96A13F 7N A 34 SE(ECso)= 47313 A8 -2 1] 35182 (non-renewal static testys A1E)
P om, AFAFRE 7] tlx72] AlRbE AT EE 0.04(r > 0.04/hr) o0& AT S, costatumS
SEvEe B8 A AR e R I sk, BEA NS SA43E5817]9H(1S0, International Standardization
Organization)®] A& Farsielth. & F2 o] 83 SAAEE At d=22] o] 20~35 psu®] HlellA]
7hesh, R 9 waRiA A 25wl tieh ndt fAkeAl vepdezs A3 Adiel dF
3tk ey §E0E o] 85 S Ax, AEEFAE AT EAME(EC)S o83 FAETL &
&5 (Brachionus plicatilis) 1”§7§ A (neonate)?] AF-E(LCs), L3V H|E|oH(Vibrio fischeri)®] L3dA&(ICx), 3l
ZFH(Ulva pertusa)®] B2 (ECsoye -85 AR w2 ol ECses HETh AEE3d=1=2] 7HAlE
A ES o83 A WS fraEA ] ek 71 lel gk s3]l vk R85 A9 i o it

A series of experiments were conducted to establish a marine ecotoxicological standard method using marine
primary producers, Skeletonema costatum, Heterosigma akashiwo, Prorocentrum micans, Isochrysis galbana,
Tetraselmis suecica as candidate test species. Marine diatom, S. costatum was selected as standard test species
in terms of the ecological roles and international uses as test species. Test methods and test acceptability criteria
are as follows; 72~96 hr population growth inhibition ECs, as endpoint. Static non-renewal method, and pop-
ulation growth rates over 0.04/hr in control as test acceptability criterium. S. costatum is widely distributed in
the world ocean and used for standard species of marine toxicity test method by ISO (International Stan-
dardization Organization). Possible salinity ranges for this test method are 20~35 psu, and reproducibility and
interlaboratory test results were consistent through the calibration tests. Sensitivity of the test method was com-
parable or better than other toxicity tests such as rotifer neonate mortality, bioluminescent bacterial inhibition,
seaweed sporulation and sea urchin fertilization tests.

Keywords: Standard Method, Toxicity, Phytoplankton, S. costatum, Population Growth Inhibition
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*Corresponding author: gspark@anyang.ac.kr HhEjo] AR S0 TH(ISO, 1995; NIWA, 1998; APHA et al., 1995).
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AEEda=e THREAREE

A FAF R 7P AR o o] guE =EHAE
2 Skeletonema costatum(1SO, 1995), Dunaliella tertiolectaONIWA,
1998)0]9, 471 5 &2 ofn] FAAIE o] /e o] eHar 9
ot} 53] slAHtER/A S. costatum B A5 5739 7H(Wong et al.,
1995; Cheung et al., 1997) ¥ T4 5= X 3sh= FallEd =
A 7tel tpekslA o] €5 ar AttJensen et al., 1974; Overnell,
1976; Walsh and Alexander, 1980; Rao and Mohanchand, 1990;
Weideborg et al., 1997, Park et al, 2005). =3+ A EjAlol =
NT21%; (Lemna minor), Selenastrum capricornutum, Microcystis
aeruginosa (APHA et al, 1995) 5°| o]&HH, ZFA Ulva
Jasciata®] FFAE o83 SAANEYHE FHE o] Itk (Hooten
and Carr, 1997).

o]l s ElAlL] iAE dEsks B AET HA1A o]

BLof = OHOk*gﬂM] Yol A1 <] %Joﬁ‘é g9 Fo 489 55 1

Holz A B

eleto] BEARAES AT FEADIERA TFsd e
BR15p7] slste] 212] 7296 AL NS o] alo]
R]oﬂ EH

R, EEEPEA) o N 2 SR 09

4 5% FABA ORI B, 2005), RATT

Sfelel EeIstalel K SH1E B ATl
Zagit.

e H%LE FUsE kB 54 Bkl oiA A

BEIIAEL A )P W Sgsolok)

AFAERE e, 7] AES o] &e xFA TS 283l
H3krh
a2
NBMES
B A&o] o] fH AEZHIE 550 RNTZFS] Skeletonema

costatum (Greville) Cleve, 2}3| =352l Heterosigma akashiwo
(Hada) Hada, 2 X 2721 Prorocentrum micans Ehrenberg, 213H
BZ7R1 Isochrysis galbana Parke, %l—",—Z:wETCd Tetraselmis suecica
(Kylin) ButcheIO]E]- S. costatume- =3} ] A 2728 (KMCC)

oA WpA] F-& Ak (NFRDI) 34 A5 F3l 8 EH

of|A Fefitol greAof A 6714 o] Al wiBISATE. vl 25
T 20~25°C, 25 Fdee 0188k 3,000~ 10,000 Lux(R1573
7hE A H, JsmAE 712 WA E o] 8-Skt

Al

Alg F5

ANEEFIE G U AT 38 Aol uist ude] Zkt
th27] wzel AEH91E 0~35 psw/FA] 5 psu TRECE VhE $
RHr=3), Earst ARdaGell 32k SRGTE ol8ste] 3Asto]
AREI O, 35 psul] A9 AFRE U] PissE =
Asolet. Z7ke] AdTEE 2803 Bt A ARES 55
3o TN G, oF 30 psu)} HI WS o Het sl
e zlolel tigh 949 AF3Ilh.

Z47}e] AEEEAE T A g nEE gkl
13101 1S0(1995)°114 AAIgh 3757352121 Potassium dichromate
(CAS# 7778509, KoCr,07, Merck 4864.1000)% ]85}, Z+
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o1 g3t SR Al Wt A 113

=F FEE(0~10 mg/lL) NI EES S8kt
w3k Fjofo 2 flu= FalE el oist *e‘"ﬁ—% -?13}04 5
U0 SR el Sl ol Aste] 4
7210 B0 i S WlE o]l Bl X a1 M z;sr o]
70-80%el o1tk sEerls BHEE, FPE L F4 ol
52 Eehe et Aegonnel e seviE 6
S FHe) S5kl B ATA A SoQIAYN] B 29
Bl AHD 5S35 wel oinpe] FaAIa F 7HE B
2 Ao17} siiek. Aol #g= THA] 0.45 pm membrane filter
(Advantec MFS Inc.)% oJZ}st & w19}t Hfsto] AREsIT). F
ToUYE FEL FH AT HAITHEFHEYSAT3], 200012 =
o, Ay E4o] sjdlEol viAlE 9IS ekt &
o] glomg =ZEQus =2 il °HT(300 psu}* AR
t} e UE SR FE] A sig R YE 10/1(V/
W)E] H]&2 1L FNodF(separate funnel)ol] Y- F 2% 4~5 cm,
e oF 200~250ﬂi ORI Bk XFste] FE39ITE FEH
TR FEh B A9l FANA FEN o gk %
*é@?jg Sakis oHiL] FENL 0, 625, 12.5, 25, 50 2! 100%
2 slo] 7F A8 v} 3wl o s AdlEleln).
Aol AAIEE cu] g Al ol whet At Aot
vl eQln] = P AT A7 ZH2E 2ahit E]2 g Erelof] gt .
costatum &2] T2 NARE A EA &S o] 8-ste] mARtAS A

Ak 7] 714 zawo* A AZPE} 2, BE R 3
Soepo] Ao HARANTE LR FEF HABAGAS olg
=z

alo] Adlslglon A BE mg/} %718 Table 13} 2},

NATYEE ST

ABZg g2 NATYEAE 9L SR chamberE o431
Inverted microscope(Olympus 1X70)°% Al5=5EALY, Fluorometer
(Tuner Designs Model 10-AU, USA)E o|&35l] 5L HS 5
33t}

Table 1. Test conditions for the definitive chronic toxicity and salinity
tolerance test for phytoplankton species.

Parameters Test condition
Test type static non-renewal
End point population growth inhibition (ECs)

Test organism S. costatum, H. akashiwo, P. micans,
1 galbana, T suecica

72 or 96 hr (72hr recommended)

20 °C~25 °C (22 °C recommended)

20~35 psu (30 psu recommended)

Test duration
Test temperature
Test salinity

Light type fluorescent lamp (universal white)
Light intensity 3000~10000 Lux
Light period continuous

50 mL test tube or 125~250 mL flask
natural or artificial seawater/deionized water

Test chamber
Dilution water
Renewal of test solution none
Test solution volume 30 mL
Culture media 2
Initial density 5,000~10,000 cells/mL
Test concentrations five+control
Number of replicates per 4-5
concentration
Test acceptability criterion 1=0.04(hr"') or greater growth rates in control
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2)5-Z8 7= 9] WA -E (specific population growth rate)>
PFFE o] 83 FEEY FEE AEEEIAE THE IS
A (@FF-AELE)S o] gsle] AxUER ket & r=(InNe-
INNY(=NAT TS, NS T8 39 AlEd s, N=27 |43
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Aol whE AGE Zol7} F318k3 2 (p<0.0001), T
O] Fol 15 psu ot tiETel oA AlelE Balk
(Fig. 1). WAHEAE o] -85 o Bt /WA EES] Aol
st 52143 737 A3, S, costatum, I galbana, H. dkashiwo, P. micans
+ 15 psu ©J8}NA, 18|31 T suecicat= 5 psu ©]FollA Tz}
Frofet g Afols Bolrh WA T suecica’t 71 il
gk Updo] Eqkom, vmx] F2- 54948 tid=ol 20 psu
oldel Z-folnt Aglo] 7ksd Ao w wvkdrt.

AEZFAE 5T uist ARY MR GES SH% 4,
1=0.028~0.042(hr")e] HHE KA, H akashiwo?} 714 S
AFES HRA WM, S costatum®] 7V = 7852 BATHFig.
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Fig. 1. Salinity tolerance in five phytoplankton species estimated by specific population growth rates on various salinity ranges.
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D). Teu AEEREEAE] A EES AEFel v dER
2, 5448 Ha 208 USAY e dxT WA ES S
costatum@} 1. galbanai= r=0.04(hr" VS, T suecica, H. akashiwo
4 P micans= 1=0.03(hr") o0& A8z Zlo] BRgE Zlow
7k,

AEEgaEe] MAPIREE e et 2t vg s
3 AENES APgelolo} Stk et AESY Al o8
AAEE S W AR} o] Bestuz Fes of
B3 Q1% g AT e AT olgsle]l 45

=
(p<0.0001) O wl}§- E3ko
2 HAFE o] g5t FAHAA MESE dnl
7 HrRs FEE o] 83 §5A v SHOE AETE
Qs Ao® it

A7) ARAY, AEEFTAE 5T 5 S costatume ¥ 379 T
A AEFo R SISl S, costatums -2 U=F A9 AEAI]
datgolu, 3t FARFEY T (ISOPIA BEFAIERER At
& B3 A7) 8 71 53 tig Akt SEs] gR
131, FelM % st Zf2a8s Folo] 3 AIPES
T e o] vk ey vhE FE AR oA AIE
BEE o]go] 7hssh, & SAAE AE ANE ) A5
AE] 75 =72Q] potassium dichromates ©]-8-3F

B2 Astolo} itk

:

UNE= L

AEZHTES o] 83 S FL T2 MNATILES o] g3t
Al&uH]o] BHZo|tHISO, 1995; NIWA, 1998). o] Al&-Ze)
FE] A Z7|7} WS Zomg =X A 7 LdRkA
endpoint?! APFES APIE = ¢la BEgt JiA|S 7] WEE -
g S Q7] wiFoln) wehA B AJEHHe A swo] Al
AFPdEAe w&3t & A AIRE ol JiAlTe) ERskE 5
ek Algioln) el BE AlFEAE olifolofo) sl uf
Rl AEEFAE] A7 A7) HAEAES sk
oF gt} AlE el Qoke T Atk

AIFPES] FH] . £ NS o] g8 SAAES HalMe
FABFAGYER S, costaumsS DB wjeFsiAL, B
sl N7 e el 78 = ik B
AFAYEL EAAE ool AlF 277} 53 40l HAi
23] o]3e] Atk vigke] o]Fojxo} &, 54 AlH
o] Fel| FAIg o] A7 el Edsteof s

Alglgdo] FH] - 50 mL Aol AlFEAE FEEE 30 mL
A B A G EEE URTE Xgsie] 67310, ZF A8+
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H HHESE 50|tk AlEERE tEde] 9191 9 100%,
50%, 25%, 12.5%, 6.25%%} tiZ=T=2 st Al e
pHell 2st 54 wiA|E A, gately FARBNMERS o]&3)
o] pHE FAo = FHI)

AJFYEY] x& : ATAA7]2 AFBES 30 mL AEEH
Z27] AZEE7}F oF 10,000 cells/mLe] HE= HE3H 5 2 ok
WX S YolEth AlFAE AEA] ZF Al ek Ha 33] oy
wrro] HEsith 2 PF5-2 014519 3000~10000 Lux(
EHINYE FA18kL, 20~25 °CollA] gt 1 9] A3 AL
Table 101 #|A3FAT)

SYAH AH AR ZF APTEER G, T, S5 Y
pHE S73te] SAAIEA ol 7153814, 2483 FAC R g
EE AEUEE Sttt AE8YE fEE | AEEe Ty

o

v

=
APE 0§ 5

=

g3t = glom, 2] dEe] EiE 871 o8 &
ALk A EL71= 315l HA 28] ol TE] Fofof s}
Y F& AW, 72, AP, A, AU
2 T S59AEA N HEe] 71deta, AIEAIR 72417 BB
9AIZE T AFS TRl HF AEEFIE v Y 7S S
gato] EAJAIEA e 7153
ApEHE - =X i3t end pointsts THETQ] AREA A

£ M| 50%el o]2= AdAEE(ECs, 50% population growth
inhibition concentrationys AXFSIC}H AlAl W12 Z) 23 Atof| A 9]
WA GES ALt §, Linear interpolation W 2 ECsee
A3ttt A5 AR5 Shapiro-Wilk’s test(1965)% AF&.2] F
35 77837 Bartlett’s test(Snedecor and Cochran, 1989)% -4k
o] TAAS 73743}, NOEC(No observed effective concentration)
9} LOEC(Lowest observed effective concentration)®] 4t&
Dunnett’s test(1964)& ©]-8310] f-25<F a=0.050141 778 &t
7] At A& SAAE 2] 27391 TOXCALC(Tidepool
Scientific Software, USA)YS |83 4= it}

AldZue| efgd o Uiy A4S

EF5YEH ojet JEEFZEY HE BT

AEAE BEAFAES woF e 2 At wet
Aol gt M debd 4= qlok. webs] G o £
‘43T Wegste] BEEAEES o8 s s
Al ot dRbd o g AEEFIES o] &% 59T E 1
2 Potassium dichromateE- ©]-€-3}7 Ew(1S0, 1995), & A
AME sds B85 olgslo] TIKtE AFES St 724
A HES ©]83F Potassium dichromateol] T3 W=7l Al-
BAEANEEEC)E A= A, H akashiwo®] 724 3F
ECs0=0.76 ppm = 7} W17+6}15d 0 ™| T suecica= ECsp= 8.89 ppm
o= B g Fet 2102 YERGTH(Table 2, Fig. 2).
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Table 2. Comparison of ECs’s using potassium dichromate as a reference material with 5 phytoplankton species. unit=mg/L.

Species name ECs (mg/L) 95% CI NOEC LOEC Normality Equal variance
Heterosigma akashiwo 0.76 0.53-1.00 0.34 0.63 confirmed confirmed
Prorocentrum micans 1.32 0.87-1.90 0.63 1.25 confirmed confirmed
Isochrysis galbana 3.31 3.21-3.41 0.34 0.63 confirmed confirmed
Skeletonema costatum 4.64 4.31-4.92 2.50 5.00 confirmed confirmed
Tetraselmis suecica 8.89 8.65-9.14 2.50 5.00 confirmed confirmed
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0057 S. costatum 005 I galbana
= [ I P = Seo
P 0.04 E P 0.04 .
5] 5]
g 0.03 -,E 0.03 [
& &
% 0.02 ] % 0.02
8 8
& 001 & 001
0 . . , , ‘ 0 : . . . )
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é" 002 - g 021 §
3 - 3
& 0011 & 001 A {
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E 004 -
2
&
£ 003+
3
2
o 002§
g o
2 ) E
& 001 A
0 Fig. 2. Specific population growth rates
' ' ' ' of five phytoplankton species exposed
00 05 10 LS 20 to potassium dichromate as a toxicity
Concentration (ppm) reference material.

Table 3. Phytoplankton bioassay using 11 sludge extracts with marine diatom, S. costatum population growth inhibition. unit=%.

Sludge ECs0(%) 95% CI NOEC LOEC Normality Equal variance
Dyeing plant waste 1.94 1.88-1.99 0.4 0.8 confirmed confirmed
Industrial waste 0.80 0.64-0.96 0.4 0.8 confirmed confirmed
Livestock farm waste 0.54 0.49-0.58 <0.4 0.4 confirmed confirmed
Leather processing waste 0.44 0.36-0.51 <0.4 0.4 confirmed confirmed
Urban domestic sewage 0.59 0.57-0.61 <0.4 0.4 confirmed confirmed
Food processing waste 3.58 2.55-4.64 1.6 3.13 confirmed confirmed
Textile industry waste 5.90 5.14-6.79 1.6 3.13 confirmed confirmed
Mixed sewage 0.58 0.53-0.63 <0.4 0.4 confirmed confirmed
Industrial sewage 5.80 4.77-6.95 1.6 3.13 confirmed confirmed
Rural domestic sewage 1.10 1.01-1.19 0.4 0.8 confirmed confirmed
Filtration plant waste 30.50 22.48-34.73 12.5 25 confirmed confirmed

FHF Y LHEFL o] SYF}

A EZHF R AT ES o8 S4NYS dF
Aol AA ALt ol FrEE s
S. costatum®] T2A1F AT IZA & st 54 AES
SIS} SRR L FEES 0|83 SAAE ), vy

)

Tt 7P Ao Akl S (ECs=0.44%), 877 217t 7t
7+ FBITHECs=30.50%, Table 3, Fig 3). tiF9] a7}
3 FEH(10:1) 7= 2% olstellA] wilg- Azt A EEHa
E 57 (phytotoxicity)= R Ath 53] ¥ & E(NNOEC, No
Observed Effective Concentration)’} 0.4% ©|8}2A] 82U +&
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Fig. 3. Specific population growth rates
0- ' ' ' ' of S. costatum exposed to various sludge
0 5 10 15 20 25

Sfol] thet ASZYES] AT 4 Adt WA Ao 1
E}- r/}_ ])\]—/] QJJroﬂ/q A2 »EL%—_ELL_% 01_9_7‘5]- ExAlE o Al
dpE AR S SIS Aol 2 1ol ¥ AEhe] 4]
Qo fRlE B thet W] 98-S lEast.

=

H&d7] AEHY
SAEZSP TS0V B4 E4R] potassium dichromateS

AREEIO] 1072] APAS tioz 7247 S costatum®] WAl
A N RAES AAS A3 ECs©l 2.5+1.1 mg/LS YEF
WTHISO, 1995). & IollA] Add ] AlddS ERIsH ] $Iste]

Concentration (%)

extracts.

Sggtaietel Asis
o % 5319 g
mg/[i UHT
costatum®] TNAT3EA &
A3t getwrt v
o gt
G $AbE o] B 4% HeErlS o] gk A A WA
A3, ARkl FA Aok ulnh 41 0wt A1
Alsk A 13 ) Z7el AA 5004 100% EAE e ofjg}
o] F 7)@e] AFATL fAle ko n, 43 %

AT Gl QIn = Sk AT A
AZE WAREAE TS A3 ECs©] 2.7+1.2
A3t 7 UrE} ACH(Table 4). 7] A8 A3} S
& o] &8t 5L AP A
gdatar PYAQl sl ElS/33 7 ATF

v}
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Table 4. Interlaboratory test results using 96 hr population growth Inhibition of S. costatum.

Reference material Laboratory names No. of tests Endpoints Mean value (mg L) Standard deviation (mg L™")
. . WSFRI 5 ECso 2.9 (1.7~4.4) 1.2
Potassium dichromate .
NeoEnBiz 5 ECso 2.5(1.4~4.7) 1.4
Average 2.7 (1.4~4.7) 1.2
0.06 - o= vleslnz= b AT A gl tiAlZ A YERt
0.05 | B Neoenbiz THdf=8, p=0.24, Fig. 4). 4] Zsl7] Hebdt 44 19] H4E4
I Erole] o] e 7 7]3ke] AP ATH: BBt 25%0)d
g ] WA 8. costatum &1 WAL A N7 HERATHFig. 5).
£ 0.03 4
° xF
% 0.02 A=
=]
£ 0014 urH oz Y|SB A SlRYeE sk Bl
0 - AAE gl 2H12E T A A dielM o] deFeta g, A 9
1 2 3 4 5 T 784 T sl BEAPAES WS FrkRand
Stations

Fig. 4. Interlaboratory test of S. costatum population growth rates
exposed to estuarine and marine sediments collected in the tidal flats
of Onsan Industrial Complex.
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Fig. 5. Interlaboratory test of S. costatum population growth rates
using sediment elutriate collected in the station 1 located in the tidal
flat of Onsan Industrial Complex.
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Table S. Comparison of sensitivity of various test species using 11 sludge extracts. Sea urchin and amphipod toxicity data were sited from
MOMAF(2004), and seaweed toxicity data were provided by Dr. Han at Incheon University.

Bacteria Rotifer Sea urchin* Sea weed** phytoplankton
Sludge sources Bioluminescent Mortality Fertilization Development Sporulation rates Specific growth rate

1Cs0(%) LCso(%) ECs0(%) ECso(%) ECso(%) ECso(%)
Dyeing plant waste 21.84 2.9 1.82 0.024 12.88 1.94
Industrial waste 22.31 37.7 0.02 0.004 10.66 0.80
Livestock farm waste 34.78 95.7 5.34 0.040 12.28 0.54
Leather processing waste 44.02 80.9 0.16 0.014 13.48 0.44
Urban domestic sewage 44.62 74.9 0.17 0.005 9.66 0.59
Food processing waste 48.71 88.5 1.65 0.005 10.97 3.58
Textile industry waste 67.25 >100.0 8.06 0.088 61.52 5.90
Mixed sewage 68.13 >100.0 0.25 0.022 11.15 0.58
Industrial sewage 76.50 >100.0 0.32 0.003 6.56 5.80
Filtration plant waste 78.41 67.7 5.49 0.113 29.29 30.50
Rural domestic sewage >100.00 64.0 1.33 0.033 13.17 1.10
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