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Abstract In order to perform an acute toxicity assessment of a
new algicide, thiazolidinedione derivative (TD53) with enhanced
solubility and lower toxicity to marine ecosystem, representative
3 organisms: plant plankton (Skeletonema costatum), animal
plankton (Daphnia magna), fish (Paralichthys olivaceus) related
in the food chain of marine ecosystem according to OECD
standard methods were employed in the exposure experiment.
The exposure assessment showed that ECsy of S. costatum in
96-hour, ECsg of D. magna in 48-hour and LCsg of P, olivaceus
in 72-hour for TD53 were 1.53 pM, 0.61 puM and 2.14 pM
respectively. NOEC (No Observed Effect Concentration) and
PNEC (Predicted No Effect Concentration) were calculated to
be 0.25 uM and 6.10 nM, respectively from ECsy of most
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sensitive strain, D. magna. Comparing with the results of toxicity
assessment previously performed by using Ulva pertusa Kjellman
accepted as an ISO standard method, the values of PNEC
showed 3.7 times lower toxicity in case of this study employing
3 organisms, indicating that if the organisms which are more
representative and sensitive in marine ecosystem are further
investigated, more accurately and validly predicted toxicity of
TD53 could be applied in field.

Keywords: acute toxicity, algicides, thiazolidinedione,
NOEC, PNEC
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A= TD492] 739 83l erf mifg- whom 5/do] A5
288181710 Bt 3= E 7HA7|aL F/d0] W TDS3
o] ZFus A7eel <Jal /EE A [10].

o] A el M AlgF AxA] TDS3S] AJElAlel| W]
= 5493 FrlstaAl 1SO B o® Ate A
THAE o] &35 SAEVEE A [11]. ey
G TS Grksks Aoz sk el 7| X= 54
Qs H7lkeh= A A7} Qlvkar wheks]o] Thefst alek
ATl tigt 5454 A5 Fyste] Boh ddF<l
59T B st} SISt & Aol A Al A
TD53°] thsiA sk olrkEe] +8 37 Beads tid
oF gAEE F7EE AAlstaat stk eE: Aol Sk
AEA|S] HokaE thatatar S/l wizkel Fo = e,
U M|ZF (Skeletonema costatum), 2 (Daphnia magna),
ol (Paralichthys olivaceus)Q] 3£ o]-&3kirt

Zrel] st SAS9%7 S = A1A 27191 180,
OECD, USEPA, ASTM [12-15]%5¢]l AlAJE o] =],
B AT HEZFZA Skeletonema costatum-= ©)&
stal ISO [12]e1A A7k 96 A17F AA3IAI S (growth
inhibition test) 543 F7} Wl we} =81} Daphnia
magna+= OECD, US EPA, ASTM & %= A8 [16-18]°]
oM ¥ Q5= OECD [16]A1% el wheh 24~484]
7F 5t AAL, 7ol 5A1F (mortality, immobilization
toxicity test)*87F TaSIATE ool ek A2 =
Aow z ggEo]glom x4 0% OECDAAHH [19],
US EPAAIEH [17] 5= & T QAL AIEEo= 29l 7IkE
e A7) o] F01% ASTM 201014 A3 wleE-9-2
(bluegill sunfish), F-2]71%:0] (rainbow trout) 5°] It} 12
L} 2 el SRl thEa]l oRxlolsoz Aado|H
ThE ofFel| nlate] o] s 8917} 571 wizol] 22 x|
BFEh= A9k B= Uiwk Aol A= 2 aresio] =
) eItell MAleR= dx] X9 (Paralichthys olivaceus)= ©)&
3l 2ARE XX 573413 (mortality toxicity test)= AAIBISICE

83 $3549%7E T 7P oS Foll gk v
eF5% NOEC (No Observed Effect Concentration)S =
=3t g4 Al €9 71R1A) (constant assessment
factor) & A-&35to] A5F935% PNEC (Predicted No
Effect Concentration)s =% [21]3FaL S|P EfAIS] &
AEFol it Pdst =5 AAstaAl sk sk 43y
Ao e AvtEe] 543 7F A [11]94e) vl B
B A7) 3F UIRAYEAE o) &5 SA=AETE
BN S dEStaAl diek 18] 1 TDS39) &<k el
72 SR el FEAo® uFskaa) g

2. 45 28y

2.1. AR EZ (TD53) £4]

TD532] "3 Fig. 1o YERIglom, ety =3
FREE Az A3 TDS3S Attt [10]. Al
AEZAQ1 TD53 (MW: 303.38)2 <ol 712 =4 &

o= £l DMSO (dimethyl sulfoxide)oll 100 mL3
12 mg (396 pM)= Fo] Azxsto] ARE-sITh

Fig. 1. Chemical structure of TD53.

2.2. 8. costatum= o)-LJ FAA=E 97}

2.11. 4y 24 ¥ FEE

Adef] o] ¥ S costatum= OECDOA A3 & A&
=& o S 7] AFEEE (7.7 x 10° cells/mL),
3371 (14 h-light/10 h-day), 20 £ 0.5C, F% 80%= 29
713+ 59 5413k OD7sp nm, chlorophyll a, A3~ (2
ArhE Algsitt. TDS3 21 €9 DMSOE 7t 5%
(0, 0.2, 0.4, 0.8, 1.6, 3.2 uM) 3704 A 2]dt] (n = 3),
EPA7]E0l 38191 96413t ECso s AT, 2t 55
3= Guillard et al. 7} A A S A3 ol 214 /28]
A [2215 olgakdct ek Ad 717 Fek 279 HF
Jefel A9 pH 9 225 RUYESI] Agag oA s
costatum®l| et FIATE ARSI

Table 1. The values of ECsy or LCsp, NOEC and PNEC of TD53
obtained from the acute toxic assessment using S. costatum, D.
magna, and P. olivaceus

ECspor LCso (uM) NOEC (uM) PNEC (nM)
S. costatum 1.72
D. magna 0.61 0.25 6.10
P. olivaceus 2.14

2.1.2. Chlorophyll a S734Fd]

kAR 5§ mLE A3 5F] netural formalin© 2 173k
% 47T, 12,000 rpmeilA] 10587+ YAEeE] & ASAS A
A} % 5 mL2] 90% acetone= 2] 5 Bt $-
Al 4°C, 12,000 rppm O 2 10%¥-7F 94 Bejabar Aol
S AFAT T 665, 645, 630 nmoll Mo THES
“J3tc}. Parsons and Strickland [23]2] WH O 2 Akslo]
Chlorophyll a &-F=s F-stth

chlorophyll a - ,[mgm™] = (11.6Dgss - 1.31Dess -
0.14Dgzo)vI'V!

v - volume of acetone [mL]

1 - cell (cuvette) length [cm]

V - volume of filtered water [I]

2.1.3. D. magna-& o] &3t F§ =57}
=M (Daphnia magna)<- $Fet5/33371 A-ollA] -oF
o} o]-g319] 0w o= OECDOIA A3t i BEF0]



Al X Z QI Thiazolidinedione FEX| (TD53)2| sHAAHE Alol cHst S4=HHI} 9

ok AS 1Y v|9Ee] D, magnas 109112 100 mL H]7H <
Y31 TD53 2 DMSOZ 0, 0.25, 0.5, 1.0, 2.0, 4.0 uM &
TR 3/ A2sE F 24, 48A13F] AE E FelEiitt.
7} ‘551 3] Elendt and Bias [24], Samel et al. [25]
7h AAEE A 1A M4vlA]E o] g3l o
w24%do] A9 gle Ak 2 A ow st A 7
&<t pH, &5E EUEsto] AxeAle]e] FHclIxte] J
2z

2.3. | RE o] &T FAA=EH7}

2.3.1. YEAE W ARSEE

YA X0y Paralichthys olivaceus= $-21Uete] ta4<l
FAo)F oz AAAdolH, thE ofFe] Hsle] o] F 9|7}
7] whtol] A9F Be= uiwk Xell Whlsh= A% A1E
I3l A AEA] A AR] JREE S Thsol =& A
= JEfste] 2 Aol o]gsigick Al o]8% A A
o (P. olivaceus)= ABPHE b 24l S7¢ 7322] %o
T3P (DT O R RE] Eekitol ARESISITE HA| X|of=
Bt s 0.53 g A 4.14 em = 738} 94 oF 7090] 7
e el AP 23T =AAITL 3 Aol o] 8313l
th {dx9] H7]%= 37~46 mmal SHEE 0.7 + 0.3 golH,
HA| x]o] ] AR 3L 25 21~23C, Al ofAls
(FTD 5% 23] DA hro] FusisiaL A3 7]
1FERPell= Hol ¥as THeIItE = 1241k 27,
12A1RF 72788 AT Aol AREE sl S
1 L3 35+%3 (TetraMarine salt pro, United Pet Group. Inc)
33 g& ol AxT AFslrE ARSIt

23.2. oJF F¥E2H N =4

al sh o]l 3 LA ARESIglom, A Al AREE ZiA)
I 3 el 10mfe, HelsedE 3700 E AAs)
o] 224 TD53 @ 2wl DMSO°] thafl ol F 34 w3
H7HE ARSI onddSs vEo R 0.5~8.0 pME] 9]
oA tizT-E 23] 671 5T (0, 0.5, 1.0, 2.0, 4.0,
8.0 uM)E 3o 7 AT 24217kt XAk THA)
= WEsiglon, 99544 AEA 724K LCso- SPSS
program ©. % FAA 2] sl AESIIT) 7} H 344
= QlFElgE o] &Ik ek AF 717F Bet =20 B}
$7Q1AR1 pH, DO, 9% (ATAGO, S/Mill-E, Japan), A1
ZSEFe] Wsls SsISith el Al S se
Fig. 70 UJER o x%2] ¢ tZ+, 0.5, 1.0, 2.0, 4.0,
8.0->TD53 % DMSO029] 7} 5%& YeRfa H9] 1, 2, 32
7+ £z s Yepdoh

2.4. NOEC$%} PNEC =&

OECDAI Ol W= setazlo] Yehll= 54 Sol o
3t BTN A HAAERe] dojXivhd, e
of st PNECE l53t7] $lall dAE 7114} (constant
assessment factor)”} 2} &]4aFEAlol A AREE =], Ao
5, A, ol e Edshs dde] Addelr 71l
J 54 LCs T BCyol 23A42) LPRAIE 48

stod PNEC k& &3 [21].

2 Ao 35 FAHwEE7E A 3hE o]835k]
LCso B+ ECso= At 7P wigkst Fof diai=
NOECE &3t} 18)a 7P w1zksk 9] LCsy T
ECsy %ol 1eZ571el] 23501 do] AREE Q)] whitell 711
ZF 1008 443l PNEC 3 =&

3. 23}

3.1. 8. costatumZ 0] L3t EAH 7}

TD53 5% 1.6, 3.2 uMolA S, costarum ) AE 5= 719
ApdE]o] F7VslA] QAgkoLt ¥ W FE 0.2~0.8 pMOl|
A tlz2TRe) vlsest AFES HAlom 96A1ell= 0.4,
0.8 uMelA oFF o =2 AAFES eI (Fig. 2). 750 nm
4, chlorophyll a®] $F2] A7} (data not shown)olX =
AFESeb 22 nlses AEs UERTh
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Fig. 2. Growth (cell number) of S. costatum exposed in various
concentrations of TD53.

§i]] DMSO+= TD53 41310l 8w ARg= A A9 &
Lol xR 55 ol Al e BT (Fig. 3).
o= £ FEollMe] DMSO+= S, costatum®l| thal] A3 =4
o] gla= AAFeIt o] Ayh= 545 ¥ chlorophyll a®]
slakof] o]3k A} (data not shown) AT 22 FdFS
HERA AT

EEEkel dist 4% Asl&S Fig 49 o] Las)st
o] ECsoE T-3F3th TD532] Aol thgk 96 A1t ECso
2 1.72 uM, 35 s 96 A1 ECso> 1.89 uM,
Chlorophyll a &l 2]& 96417t ECso<> 1.53 uM2 LE}
WL}, S costatumE WO 2 3572 BUERE ] o)
FAEH 7 9647t ECso> 1.53~1.89 uM 2] 7k
YeRASITE Wide] DMSO+ AlEsE, 750 nm S35 2
Chlorophyll a2] &&F F4ollA S. costatum®l| th3llA] 73]
=4 ggko] glao] ER1%% 0 (data not shown), 124
ECso> EE5A] o3ttt
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Fig. 3. Growth (cell number) of S. costatum exposed in various
concentrations of DMSO.
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Fig. 4. ECsp of TD53 at 96-h by cell number, chlorophyll a and
optical density.
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Fig. 5. Survival ratio of D. magna in different concentration of TD53.

3.2. D. magnas 0] €3 54497}

TD532] D. magna®ll Wt 535 F7kel7] flste] 24,
48117kl o] ARG iAlGE 9 w2 }do] fle HAlE A
$F A= Fig. 5ol Yehlglth AR el mE AxHe-&
9} vl ek w] 0.5~4.0 uMollA] XAREo] folsitt
D. magna®l| tht 4817 elA ECso 0.61 uM= LFERASI
t}. o3t A3= 8. costatum®l] T3k ECso#kQ]1 1.53~1.89 uM
BT}k 733 524 gholdek. o] TDs3 e D. magna©)
- WIZkHAl Rkgsk= 2le & 7 Stk 12y DMSO<]
A9 & AAHY e 5% YelA D. magna®l T3l 3]

S48 UEhlA Q.

3.3. P olivaceusE o]-43F =57}

TD53 5ol W& |@X| X (P. olivaceus)d] 72A17F A
AHES Fig. 60 Holal itk 2]o19] LCs> 2.14 pME
ArtE]o] thE AAEFol vlsl Aol A0k sk
DMSO+ tHE =%l tisiA A8 5438 ehiAl &
ot {A xjojef] tisiAl= 72413 LCso®] 2.79 uME
] TD533F A9] Hl5=8t Jro] 743t 548 Yeh) F5
o nkgk Ayt @ 4 ik
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Fig. 6. Mortality ratio of P. olivaceus in various concentration of
TD53 at 72-h.
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Fig. 7. Change of evaporation loss and salinity in water tank during
the experimental period.
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Fig. 70 EUEIZIRE F319] 20 AAFs) v o)} ofugh #ago] Al ek&7F 52 o217t Sirh

o] WlE YeRQIth A Fukeke =39 =9 $o
w2} 100~400 mLE] TS eI O 9= 8.0 pM
AT 7HE 3 53% ARE #G=2] 30%0°1 1]
56.6%2] Bl A% JREE Yehitt A8 %7)9]
e 29 7ol wt dsshs A3 vERlEd
HZT7F 30%02 W 8.0 uMollA] 45%0%= 1.54] 352
T2 Ueptk o]213t Avk= TD53 % DMSO¢] Aol 1}
Efd Ao 7 Kol £ulQl DMSO7}F GH% SA Aol 318H4]
AgkS u|zl Zlole} Alrsn), et ¢glef| i & v
F7HQ) A=} dashral Az

3.4.NOEC, PNEC E& 4 EAu| 237}
2 AT wF AEF 3% ke 7 widdskA WSt
D. magna®| thgt A¥}ZHE NOECE A=t 47 025 uM
2 UEPEOH, D magna®) ECs 0.61 uMzkell 214 3
71012} 1002 A-831e] PNEC#-S E%3 43} 6.10 nMO]
At} 53t background @] 5439 Tlelstalal DMSOS
TD53% & 55 7kl AHE A3 S costatum™}
D. magna®ll telX= 543 Gdao] gl A o= et
Y g&] xjojof] thelld 12417 LCso 2.79 pME 352
=/3& YERich
AzgATellA TD53S] g datefiol] tsk 96A17F ECso
2 1.65 uM, PNEC+= 1.65 nMO|QIT} [11]. 3 A7) 359
AETS o= al8ls A9, 9YF H7HHt PNEC
7120 3,780 H/30] YA WriEle], EEAAo] v 1A
B Hoh AR sAEA & = otk e Ve
theksHAl e 79w RIS Alggho] Aok
2 olgfst AE YERd Fo® AlsHh
TD532] £vlQl DMSO+= T dde] tialia] A3 =
5 HERNA] Qgkot, theofst AEES dPto® §3=
37 AAIEE A3 93] A]ojof] thsiA] 72A1XF LCso©l
2.79 pMEA Hlw A 7st 5448 JER. o] A E]
P el wet DMSOel| tist SAdo] thEA] 2hgahs
e AST
TS 2 AFE B Aol uhel 7F AYEFol whesh
TS g1 5 ATt whebA
tekst Wist Aess FHoRE HE
tol S8 Al e de gRd Zavt 9l

2 AT E D, magna©llXl ECs©] 0.61 uM=E TD53¢]|
oisix] 78 WizdkelA Whgsigict. o] A= 88 ArellA
TD49°] thsh =4S HA7Eke wiehs 8 t& 4343
th. TD53¢] S. costatum®ll B3l D. magna®l T W17}
Al HEgst AL 5T nist dyzA AEA A5
£54 Egae] Aelae) Aolo] 2l A Fash
AqE HA| x|ojol] tfslx] DMSO7} 32 5408 YERA v

DMSO<= S. costatum 2 D. magna®l| tal|lx 3 =
35 UERAA stk 2318 S. costatum ] AAEZ 7
Tha AR FES 71X Q= AESE DMSO7F
A9} RESSH= 8184 w7k o] tha 2pol7t Sl A
o F5d

A x)ofel] gt TD539] 72A17F LCsp> 2.14 uM A
T Aagel vl 54go] ofslAl 288k o= 7
E2 A0 TAIRA 540l disl & O EskAl VRt A
O = kATt $BH DMSO+= || #]ofel] tjsliA] TDS3 7
H|S=gt AEe] A =4S UERITE DMSO= AllaEs/do]
o] ti7ll AddelA 0.1%0] FE= AlFtshar Qlek & AT
4 TD532] 8.0 uMell (g DMSOQ| &l 2% %
208} 38 Frolth 18] m 2 DMSO7}F |X] x|ojof AlE
e 2 BkE Zlow Az JeEE A sl
AEE S A 1EE0 A vhEe] SXGE o] 83t
e 95 HH DMS02] Y& =] Al HA] ke
Zo7 A7V FsA7EAM TDS3S] 735 0.1~2 uM ]

& oA fal Azel dish Hold AxsEo] e
SRIBISATE [26]. HHATe] obd Zke AL sffel] TDS3
S 0.1~2 pM °oAte] g A¥sites vyl 5ol
oJgt 34, A A9 o5 Foll SJal s BEA
of A= P> I A RS FOE ARRHL

5.28

SANEE MAAIZ 291 3254 TD53 9] 3l e) Aol
gt =4 AEeEE7EE sk] 214, OECD 3+
QI Mo Xk thEARl BEF 38 AEAEEIE (S
costatum), F="JEZTE (D. magna), 15 (P. olivaceus)=
ol g3t TAER7HE AXSIItk 1 A3 S, costatum
] 96417t ECso> 1.72 uM ©1™, D. magna®ll th3+ 48A17F
ECso> 0.61 uM, ©157] |3 Z]ofe]l thgh 72A13F LCso>
2.14 M oStk 7 Igket 5/d0ke-S YERH D. magna
of tiet A2 HE] NOECE AH=sE A= 0.25 pME YEk
o™ D. magna®] ECs 0.61 pMol E&24 37114}
1002 283199 6.10 nM2] PNECZES 5= 3ISit) o]7lo]
TSt At 598 P Tkl E o83k TD53 2
/3842 D. magna®ll U3 PNECZA S W|wshd, &
A7) 3ES O 3lo] PNECE &3 & 79 =i
2|7} 3,790 A4S Zlo = YEhsit) i AEFC] v
I} 17PES B9y Wi Al AxEAEe] A4 54
< Bt g WdE 5 qloget AbEdrk

iy

B ATE GRATADS ol WEHI |0 vefY
1% ol o1jo] A910 ZRE] x|} AT (7}
AHE M1071118001-08M1118-00110).
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