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Development of fundamental technology for ecosystem

risk assessment of viral nano capsid
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SUMMARY

I. Title
Development of fundamental technology for the dispersion and ecosystem risk

assessment of viral nano capsid

II. Purpose and necessity

This study is intended to assess ecological risk of in-situ virus nano—capsid application to the
natural ecosystem. For effective in-situ application of the algicidal capsid, techniques of marine
ecological risk assessment through mesocosm operation will be developed in company with

field dispersion techniques.

. Contents and scope
Technical development for agicidal effects of nao-capsid(TD49)
- Test of bioconcentration for TD49 substance
- Test of bioaccumulation for TD49 substance
- Analysis of octanol/ water division factor of TD49 substance
Establishment of ecological risk assessment techniques using mesocosm and microcosm
- Clarification of ecological characteristics within mesocosm
- Assessment of containment effect on the plankton ecosystem within mesocosm
- Ecological risk assessment of algicidal capsid on the plankton ecosystem
- Set-up of guidelines for marine ecological risk assessment in use of mesocosm by
algicial nano-capsid
- Algicidal effect of the TD49 on the fish-killing flagellates
- Control effect of yellow clay on the fish-killing flagellates
IV. Results
Establishment of cological risk assessment techniques using mesocosm
- Lab and microcosm techniques have been established.
- Mesocosm (several tons scale) assessment techniques have been established.

- Application of the artificial capsid particles has been tested.

V. Plan of application

Suggestion of systematic assessment method in relation to newly produced toxicant

Suggestion of scheme to reduce insidious effect by direct application of toxicant on the
natural living organisms of in-situ ecosystem in advance.

Confirmation of method being able to screen primary risk by direct application of algicidal
materials to natural environment using mesocosm

Accumulation of know-how by carrying out reproducible research and additional complement

to make mesocosm as a commercial item
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A BARE 27A BAgk
- Slow-stirring method = )3}
- 8o AP GARA F4
l-ocatnoly} &2 ¥3}-89 AZRE ¢
slo] B2 ysld SEge] A=
S 6 0 E 19 v&E 95ty
- OECD guideline 1233} Aaron & 24A13F R &3le] ¥3lA71 ¥, & =
TD99] Ere/ = %Hﬂﬁ]¢-°4 W-g- o] 8-3le] Slow-stirring| 3 ##]sle] AME-. SE&= ¥ slH
method 2 4] o A= 2 6 SES 19 HE
= QSARZL¥ BCFe vja o s - -
- 7] RauE KewBCF7Fe] QSARS |2 &3t §, 24 A3 Adwksle] ¥s)
o]-g-ste] TD499] BCF M|l A71aL Eelste] ARS-§h
- ¥3}¥ 1-ocatnol 50 mle} & 950
mle] H-&2 F S JAAA TD49
T 5 A F)
_ % Zowm Ry TD49E HPLCE
B A3},
ArdgdEe gAY 214
71, g7, bgrlel zhzhe]
TRV U2 TDOEAS HE & A
- A ARAAE] AGAAE HA B AEAEE I
o] AT vt -TD49E 22 O Ee] Ay
- fralRRY AATAE JE4d FEste] AEURe FxE feots)
&333k(in vivo fluorescence)s}t 7WA| o] A|E7} ZabslEo] AMASE o] )
fralz2fo AGTA 2 TOFEES Fotste] AEAE ot (oA 1f P49 A4S &7
E49 vl Hx% 24 |- Photo PAMAH|E o] &gt AxA =i, A e Axs 49
=29 FAAL (active Chla) 1} | Z2AE 7IAA =H=H], olgt o] &
A=A (active Chla)ES A 31H A
B AMEARE VAIAoR AA S
Aol 7hssth
19 7PA o R 2377 AE] AEA
g 2UHPT
- nlo] AR AZ(10LF ) A o d-f
TD49EH& o] 83 wlol=i- mfo]ARAFS o]-§sto] TD49= iﬂi%gjr g Ag% &
2HFNA  FRAEAAUA | Dol FRAEAE A wX= £ ¥ TD w9 ae) e e
H - o - 19 FAe=E 10 A& A
Al HE 4 7t 8 AxAE Alols WUt Az gole] MEs wUH
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19 Ao guael Al
vivo fluorescence), active Chl.a 2 7|

A sfefale] e A

T =
TTEaa=

A% se}
- A A wX= G A EE
FTEEFAEY AMEAER ot
A FAENA Y HE
Z7FE(50 mL), Z7%(10 L), Hhit
R (40 L)ollAl FAgolx] wkAlgk Az
WEe Asate] TDAOE Ao AxE
L @gan Aaguel gaaey oo ATl ThoEdE
dtet.
L ; 1 [} 7=
& Akashiwo sanguinea®] Aol 7} L3 mme AdTwaA 19 74
TD49E S ol&g AGA Y FE )
] ] B o= AEFA9 gdgk(in - vivo
2R EAkashiwo sanguinea - AR (4, Z, trE)7F ©& ) e
2 Wt A8 ol TDIOE A o] A E A fluorescence), active Chla 2 7| A4
U - A EE e detsel dugE 2 Aay
w7
) EERER I EEEE
- A EAl A Hbes oA
3 Addd e AEatgel ojulgh
Q32 TeA Hutste] A4
22. 297 249 %x A5A9 (20129)
S
AT 9 ] TAAA W&
(I2A-28A A2y
- AgtelA -Hele falSd v
- Al WIsHA A= A e tiztuie] TD49E -4t
TD9% 2] T3 slok © of A 3H Jsh= A gl tgh a7t H] =4
= H58E)el et o= TEA R AR Hotelr] 8iA B4 A
Bl 3l Bl = _
;(x;]T o :)E/H 317? ° (species-specific) 0. & AbFo|H AlE § 24h, 48h's<te] active Chla
e E. FEE dotsle] dx oRs Bt
3},
- Heterocapsa circularisquama~ QR
AEY ] Akl Ao A o). AR oA g EFhE
el Ths Mg 834 9. - YA E GRS g vlol &
ZAE (Heterocapsal- = FollAl T5olHoR Zdste & Ldalr] fAste] b4 v+
circularisquama)®] T S E | ulolg) A= 3R] 9] kA |FR
3 A ow W D% o] g d5 dxw
2 EA(TDL9)e] gk Sol4 gl
Za3} 29l

Bl

fE
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H. circularisquamad) 3k A
ZEREA AT mis
= Bt

=

H. circularisquamavl] W3t
e Hzxgzol
mass-cultureE 43 3}¢],

Zol RFT £

(180L tH g ).

-L3ton TP o] T ol Al TD49
LA vl H. circularisquama £
das )

- Photo PAMAH| & o] &3 & zxAl
29 244 (active Chla) 3o}
AU ZAE o9l el
gk A SlsiAd Hot

Eay

o Z FN
fobop ob o
W e

o=

T
A= =

P

o Do e

o

13ton PR W AFZo| A TD49E
Aol HEE control, blank, 0.2, 04,
0.6, L.OuM= &,

-124] 3¢ e e oA = H.
circularisquama 22015 2]l

- A A wX= G A EE
TEEFAEY AR et

FANA A A=

2.3. 297 3adx A3 (2013d)

S
erEd (Cle4484 g T e
-H. akashiwod @79 HAZ=FEE 0,
05, 1.0, 1.5uM= FE+= 400g /ton,
1kg/ton 2712 A3+ E 3% G E
(400g /ton)+TD49(0.4uM) 2] &A%l
- HZAE Hetrosigma akashiwo 2|72 +.
Ao Az R F=3ME-TD499 FE] ok A AU o
mass-cultures G ste], 7 wWlAs 32 Hrkshrl Hal 1 el Al
Zo g F e AEFFER | ASks 200 um oY A7 sEE
(300L ] uf] ). #2952 H gkashiwod] A3AAl 600
1) 22 5 22 o] A] ) z ) 2|-1.0ton el W AxZo A TD49lindividual L'®, C. marina) 23 A
Hetrosigma akashiwo %€ |&E A9 F%=W Hetrosigma akashiwo|300 individual L's wixz=o 7zt
R ARA AN BT o) s g7t 7 Fqlatel Hoksh
-GE gk g3k FUt -TD49¢} FEo] JFxAl:E E4S
- Photo PAMAW] S o8¢ A2 4] g & 5271 w2l 06:00, 18:00
&9 A4S (active Chla) It (o] 23] mUElYslgar, 6102 Alo)
ArddAE o9l AET ddE 06:000] 13 RUE -3
o AEA YA FHob 12413y 7vA 0 7 thAk Al E-Hetrosigma
akashiwo stz o] 5 3121
- A Al wA = G2 A
FTEEFAEY AMEAER ot

FAAENA A A=

_13_



i) & 5550l 4] A2 A
Chattonella  marina’ 7z a3}

2 AEA S H7k

- A zME Chattonella marina2] vj
W gH G AxSFd &
3= mass-cultureE =dlsle], 7+
Az 258 & e AEF
533001 o) 2k o).

1.0ton RS WlAF=0A] TD49
B2 A9 T Chattonella marina <
e H7t

-GE gk g3k FUt

- Photo PAMAH| & o] &3 & zxAl
29 244 (active Chla) 3o}
AxiFAE olee el
gk AeiAl A E7E

o

e =

maring Azl -
- Alg|A

FEZFAES A}

T A]

iz}

IREEEEE R EES Ey

Cochlodinium  polykrikoides ol
de dxzde dzy 2

7}

A AFEATD49) 2 3 Eo|
(ke Cochlodinium  polykrikoides
Az a3

Fx=d(TD49) R FEIL -4
EAE A HX = gakE ot
AZ2EZH(TD49) 2 FEV} o /ol
nAE PP R

201395 FgQlTol A Aol Az
A& C. polykrikoidesS A)ols}7] s}
o, Wwsh TDORAE olgaiel v}
olFRs% AdE A

AL 12 Lo] ZEAE Ao
A(30 cm long” 20 cm wide ~ 20
cm depth)ell 10Le] A] 2l
Fatg ¥ 3kslo] TD49A 204, 0.8
M), FEAE(4g 7} 10g per 10L),
g9l TD49E & ] (04 uM+dg
per 10L)ol| A] d B A"

o MAE GFENE £

s
<)

=

e B

|
=42 ul 7

A= -5 1=,

-
Azl

chegolel  Almge v
(Sudan Black)-8-2% 0.2 um

membrabe filter (Millipore)E 321 5H
3 g8 ARe 2 £F I4a
AAZE052 mL)e HI AHF
DAPI(# ,6-diamidino-2-phenylindole)
= 5E3F QAdel  @RdANY
(Axioplane, Zeiss). 2.2 10009 3}ol

A 417 8 A

- AEAle] MAE AFe A9 ook
FTEZHAEY] AlEAE R 9ets)r]
AN A YA AE

ool gt AFEA(TDL9, FE)
g =4 A= e " EE
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Eipia=g

0.2, 04, 0.8, 2.0, 4.0, 10 ,uME
9, FEe) s 4g LT 31

Palel B

OlREddgdA TDY e

=

Ltow ur3 4847 %g‘ﬁd%

(Striped beakerch fish; Oplegnathus

fasciatus 4.8+0.5cm in length)2 o]-&-

w o

—WUQ

A3 aAE =308 2 a3

3.1. A= F=BCHEAL

3.1.1. v A3

A5 &Fd o8] AHE vt sgEAEC] FHR FYH AES
E3gE A B S AEAE oY FgFgEHY =Y. F5E JFgEH] F
AE4H 7o o3l H2 FEAdA FAVE gitta st EtE, Alzte] & ¥ FF
" grEdo] MdE Fote AR wWEHAT O F dEE S5 1Fx
2 A=A FH=cH o3t AE F5ELL HolE X3S FH FHET
A AEAUNS FFEHD =7 o =oiXe 2HE M- w. FANEY HS
A &5 = (Bioconcentration) & A A W ojH 3JEH Frrt B £THo Y=
Y IJFEH TR oA AL YEdTH

2 AydAs dlFAeAlA TD499] HEFZEE ZALE 38H7] HslA] TD49
g A2st o g AEA 2T =E2HIIE HAASA T

3.1.2. A&y

3.1.2.1. qAAE 2 gz

ANAM e A (Fenneropenaeus  chinensis)$}  dR|(Paralichthys

2 A4y
olivaceus) & o] &3t9e. N(F. chinensis)= G FAAe] N A|&d|A o]t

FANSE ABANAN 3A7 EAANAHIY 3-1-1). Age) Zr)E 13 + 2

_15_




cmolil, FE2 18 £ 3 go|lH, A9 Al
+ 0.1, 8&44ALE 94 £ 0.7 mg/L0ﬂ/\1 3}
A HE H-A 3G TR vk ALE3E Hol2E Htfo]AlEQl TetraBitsel TetraMin
(Tetra—Werke, Melle, Germany)<S ZZF39th. A& ol&"E WX(P
olivaceus)= TZF 2A S} F24 AFSF(HE2H oz HBE BEoktol ALL3)

Frh(d 3. 1. 1). gxu A71E 12 £ 0.5 cma 2L 13 £ 2 go|H, {x

e 2% 20 + 1T, pHe 8.0
7= #2d 16 A7 Jx4 8

o] AMS B AHLe 2% 21 £ 1C, pHE 7.97 £ 0.1 , 244+ 8.8 £ 0.2 mg/L
Atk AlET oFE /\}E(Aller aqua, Christiansfeld, Denmark)% TEHIA L,
AEFFEHLE AAF(FEFH)Y 2%=2 1 4 1 Fo AAHA FFAa, Holet
HiAES AR T8 1 A Fol AASAT AF 7|2t EO}Oﬂ* AR FE S
FTASAT FFU= FEA 16 A7, G 8 AE FAEHS. A AR
#H 34 49 (TetraMarine salt pro, United Pet Group. Inc)& T3t =
T 1 Le 33 gg ¥ol Axdte ARSI

=

=

% 3—1-1. Fenneropenaeus chinensis and Paralichthys olivaceus

samples.

3.1.2.2. =44

NS(F. chinensis)e o4 B4 =4 5= Adels 4zEAL AP T 7

31 PNEC gke] 108 5=(34 nM)olx TD499] A& s A4S APsiaAnt

_16_



qMrad FHRTE Tt Mg E Axs T Fx TD499 FE7} 34 nMo]
Aow FUS TD499] T2 AXS 45 1 A vity A3F 1A
stk 0, 1, 2, 4, 7 AA Al FZxANX AMS-(F. chinensis)E AP3ATH. S/HT
2 AHG T, do| & FHFHE ST &, BAsly] #A7A 80CoA ¥F 2
o=
WX (P. olivaceus)?] =2 ¥ = AF AL OECD guideline 3059}
Mungere} Hareo] ®WHH-S 12 SFHTH(OECD 1996; Munger and Hare 1997).
M-(F. chinensis)9} v}z7FA2 PNEC zke] 108 E=%(34 nM)ollA] TD49<¢] A
E 55 A¥8E AP AF-E AXI F TD499 w=7} 34 nMo] HEE
B AIA Ao siee 1 A otk A= wAStAS. Holg FA & 3
TE T F55 FEsIATh 10 do] A F, oA FGA(P. olivaceus) &
Aot FRTE AHS F, do] B FHS FHAAS. A9 WF(viscera),

op7bu] (gill), =& (muscle)& s F-ate] 3 &, EA87] A7tA 80T A

o

N

o AYE F7HE AN e dAEYEd §A4 #2 % 4C, 12000 rpm, 10
B B A4RE sl A5AL AW o] AL 3wEatel A AFAL 3
A= F=7](Rotary vacuum evaporator, Eyela, Japan)& o]&3}a] =47l
<, DMSOE 1 mLE Yol Ags Aze. #5427 Alss dAdEYst 45
Aok gk & 0.2 um syringe filter2 #2171 & HPLCZ EXM3¢r}t. B A3

o Alg®E EA AXE= Pump:e Young—lin M930, Autosampler= Young—lin
YL9150 Autosampler, Absorbance Detector= Young—lin M7200]w, A}-&5 =&
HL octadecylsilane column(Waters PAH C18, 5 um, 4.6 X 250 mm)< o|&
39 th. Mobile Phase= 10 mM phosphate buffer : acetonitrile = 25 : 75(v/v
%)2 pHE 4.3, £ 1 mL/minZ 3¢t olu UV &3 3x2 350 nme.

3.1.3. 231 ¢ u1&

BEFEA ol g FLF ARE 4B BT L EAAS, B4
=3 P, A 27 e 9%, 234Fe, YHF 52 5 5 UrHLeeuwen

ay
=
[N
s
S
=
(@)
2
\e}
(@)
<
+
>
0%
o
1o,
oi,
o
2,
rr
o
i)
1o,
i)
(Y
-3
>
ol m

Fogoly 1y g



3.1.3.1. M $(F. chinensis)9) )3+ === 7}

2

ABEFEAE T N9 5ZH TDA9e Fee ZHsIGTh. TD49d] 74 &
w2 A7 ASolA TD497F AZH A FYTh o= Ei A wASE o o
o WAY olxElZ AR el AR TD497} FHAEYAY A9 Aol LF=
=t 2 ~HE 4R(100g9  130mg)7 2 waj2dd s =24 A
297 e Aow wadth dey HolAs e Fated YX| oA Holz
¥%0] dojk AL HoHZHF 2) A9
AETH agdE=R oz TD49d tist &=
2 A7Holol & Aow AlBHT.

ol
-

N
i £ A
8 oo =

o H1 mo oY |

1o
o,
N
ok
L
offl
=2
=
ol
ol
£
A
N
)
N2
[o

AEFEANYE T FHo w29 TD49 dFAHEZE A3ty Ys WA, oprin,
o5 A FEo= ro] BAMsIYT TD49d] 109 B¢ =2 A7) & =344
S Y& 2.30 £ 0.36 nmole/g, o}7Fr] 2.15 £ 0.56 nmole/g, =5
0.69 + 0.35 nmole/g ©o]x BCFZ AAFet ke WA 67.70 + 10.52, o}r}n
63.32 + 16.54, &% 20.25 + 10.25 2 =AF A} (Table 3.1.1).
WA 7bF =L =2(2.30 + 0.36nmole/g)E RPomw, olrbn)(2.15
0.56 nmole/g) — Z5(0.69 £ 0.35 nmole/g) £o8 =& T E HYT. o
ol AAF} Beflo] 23 98-S 3= £FO R TD499 =3Zo] o =A
olut7] 2o 2 AlgHTh aga olrim|e AL E29 T
LA%E FEIHA R QFEAHY FAHFAA =Eo] FHe
< FE7F EHEHYLH, 25 FH= 2

(Palaniappan et al. 2010), o=

_

2 4
X
)
!
ro ko HE ol el

off

o K

i )

my, N

flo

it

I

]o rll'l ﬂJlO

o BN o

OE i 3

o

= H

L

i o >
Tﬂ' = _1_4
e

Lo R

oM, B

=

N}

(@)

(@)

2

18 g
mt ¢
lo
ol
ol
N,
Sh!
o,
k1
o
9
AN
)
A

e ol
o,

o

4

[}

N i
rir

o,

o



o},

48 A3 TD499] F3M Eal=rt sot A=sFAs7 =5 AR o35
JAAT oF 5 o] &3 49 27 /@%o——u‘ﬁ]ﬁ‘ﬂ' =4 FUH ol FEE AE
5 A7ZEAL HudAME FHer w2 Fo afgEdri(Cho and Kim

TE Apolo Ade EAGe X}

2007). AEFFAT EXAI7H wE ——7-?——4-

ANFAEY o] =7], T2t o], A FH), lipid content, & EZ =

=T = gokst olfr 9z &4 A 9 th(Leeuwen and Hermens 2001; Kim
et al. 2007; Seguchi and Asaka 1981).

¥ 3.1.1. Bioconcentration factors of TD49 for F. chinensis and P.

olivaceus (n=3)

P. olivaceus

F. chinensis

Viscera Gill Muscle
TD49 2
ND 2.30 £ 0.36 2.15 £ 0.56 0.69 = 0.35
(nmoles/g)
BCF ND 67.70 £ 10.52 63.32 £ 16.54 20.25 £ 10.25
a) ND : not-detectable
250
® Viscera(BCF)
— | = Gill(BCF)
E 200 A Muscle(BCF)
s O Viscera(BAF)
% 150 L O Gill(BAF)
= A Muscle(BAF)
%
~ 100
=
<
S
h -
(=]
5 : I
==} 0 o 2
0 2 4 6 8 10

Time (day)

a3 3.1.2. Comparison of bioconcentration factor and
bioaccumulation factor of TD49 (n=3).
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3.5

—_ ®  Viscera
%" 3.0 o il
] v Muscle
g 251
=
N’
= 20
.E
N
S 15}
N
S
g 1.0 {
S

0.5
3 Y
2 oo e

0 2 4 6 8 10

Time (day)

% 3.1.3. Concentration of TD49 in organ tissues of P.
olivaceus exposed to 34 nM of TD49 for 10 days(n=3).

120 o viscera
[ Gill

100 - N Muscle
3 80 -
- |
=
£ 60
<)
N’
=
O 40
/M

20

\ [

Time (day)

a% 3.1.4. Bioconcentration factor (BCF) of TD49 in
organ tissues of P. olivaceus exposed to 34 nM of
TD49 for 10 days (n=3).
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A B %A 5 (BAF) 2 A}
3.2.1. A3

A 5= 2 (Bioaccumulation)2 A W ojH Fe&EZA F=7t Eo EgHE| 9
T4 3tEZd s HT Zolx= AL e+ A== (Bioconcentration)

I FAYELS EE BT A9 HAg 15 A= A AEsF T B=
Holol AL AE ) (Biomagnification)@t st (Kelly et al. 2007), <]

T 7R e A AdE A EFZH(Bioaccumulation) el gk

(Leeuwen and Hermens 2001).

2 AFoAe AlFAeAldA TD49Y BEFHE ZALE

A gk ol HolAkE TAC A= Ao GA 2% thste i%%ﬂ% /\E]}\]

st (g 3.2.1).

B AFAE AN (Fenneropenaeus chinensis)$}y JX|(Paralichthys olivaceus)
£ o|&3t¥A, MYRHAL AEsEE A8 Ut AR AFS F3Y5tA
o}

YA (P. olivaceus)d] =& W = A8 Z7AL OECD guideline 305[3]<}



Munger9} Hareo] HH-S Zuz 3Gt (Munger and Hare 1997). AEF=
A3 w3722 PNEC kel 108 5=(34 nM)olA] TD49¢] AEZHAE
2854t 4E A2 T TD499 H=7} 34 nMo] HEE R3|AIA A
Fom dlee 1 o etk dE wASATE 34 nMe] TD49e] =Z&H Af-%(
chinensis)E ZZhUo] Holz FF3te] g9t Hols Fot

790 At F, 5
3

B oo
= 9k o

25k g2 o3k dldd TD49E FH A7 dA
74A JX(P. olivaceus) & 3t =

Agith. gzel WA (viscera), of7hw](gill),

S (muscle) S 3jFsted 2 F, 24317 A7A 80T A Y5 2isth

AEZAAZANNE JAo R wE TD49 FHAHEE dolr7]
, ol7bE], 28 A BRoZ yo] EAE gt TD49d] 79 F9F =&A17
= Zr (2" 6)& WA 5.98 + 0.97 nmole/g, o}7}m] 3.91 + 0.65 nmole/g,
£ 1.11 + 0.31 nmole/g ©]x BCFE A4tk g(2d 7)2 W3 17589 +
8.45, o}7}m] 11488 + 19.15, 2% 3259 + 9.22 o= =Axuri(Table
3.2.1).

AEZHAFNAT PA(5.98 £ 0.97 nmole/g)dllA] 71 =L &
m, o}7}r|(3.91 £ 0.65 nmole/g) — &5(1.11 £ 0.31 nmole/g) =
TEE HYth

S5UA Fxd H|sl TR FE7F

£
o
£
e

(| ey}

N}

olN
(o,

7he dlez= Holz & Al Al



29 TDA9Y] =7} ZABLS 5T ASE 23 A71Ed AT Aol &
aso] WAT Wyolet ARHET
BCFo} BAFS Hmslgle W 5UAE 2 Rols HolA GkAw TUA £4
}(2Y 2% EU 4HeE o }
AT 2et AA ARAE FRe T B REsie tad AAUR
=S 484 el ARE 23 2

o] 2|3kt (Munger and Hare 1997).

i
offt
_0|L
£
o
oft
ol
1o,
A
2
o,
o 1S
2
v
mjo
o
mO
© Ay

3 3.2.1. Bioaccumulation factors of TD49 for P. olivaceus

P. olivaceus

Viscera Gill Muscle
TD49
5.98 £ 0.97 3.91 £ 0.65 1.11 £ 0.31
(nmoles/g)
BAF 175.89 + 28.45 114.88 £ 19.15 32.59 + 9.22
8

®  Viscera

o  Gill
6 Y Muscle

TD49 Concentration (nmoles/g)

Time (day)

% 3.2.2. Concentration of TD49 in organ tissues of P.
olivaceus exposed to 34 nM of TD49 for 7 days (n=3).
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250

I Viscera
= Gill
200 F o Muscle
—~
N
[«9]
~—
5]
= 150 -
~
5 1
= 100}
<3
<
-]
50 |
0 ’l‘ =l i
5 7
Time (day)

a3 3.2.3. Bioaccumulation factor (BAF) of TD49 in
organ tissues of P. olivaceus exposed to 34 nM of
TD49 for 7 days (n=3).

5 BA o #Z wAAME GAe) TDI9Y FFFS Fohur] st
g, ob7kel, 2 A RO o] EASGT TDA%e] =% ol 55
FEFote] TU7 =247 YAE TDAOE FASA % d5ne Hol 74 F
AT F EAT AP 8), WANAE 281 £ 0.76 nmole/g ©] HZF o]

o] 232 Hol TD49= &Yl AHEHAS B¢ AE2AWA 52 7154

QA E, TD49¢] Abgo] Fugw 79

o wat BF Aol wEEe] AA

o= 50% ol/fo] HEH

g Zez Azdn.
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¥ 3.2.2. Residual concentration of TD49 in each part of P
olivaceus (n=3) after elimination experiments

P. olivaceus

Viscera Gill Muscle

TD49

2.81 + 0.76 ND¥ ND
(nmoles/g)

a) ND : non-detectable

®  Viscera

o  Gill
6 Y Muscle

TD49 Concentration (nmoles/g)

Time (day)

% 3.2.4. Change of TD49 in P. olivaceus during the
dietary uptake and elimination experiments.

3.3. TD499] &g &/E HuAF 54

3.3.1 A9 43

gtetEdo &S Hrlslm dFsh=d JofA FstERY &84 - sty E
A EAS E8T v FH 349 EA sz Lolop & HaAdo] 3l
T} (Porte and Albaiges 1993)

stst=dol 5834 - gty

5]
BA%, 714, =4, 249
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& 52 E 4 Ak I F 39L/E PHASE 54, AEEH, EYY 3u2
o] & HALE dSstetl YoM Faod EAF F dhitoln, SEEL2 AEA
ol ALdle AW 5 B ALde frighet Zo] gstEHo &ujE O
2% F de AeR N FEY

Kow = Coctanol/ Cwate’r

=
Cwate’r: %01]}\1 ﬂ@%@_ﬂ ngiglé:vl;;

Kowiz 1-—octanol[CH3(CH2);OH]e] C : H ¢ FAu[7} AEA T4
lipid[CH3(CH2),COOH]¢] C : He] FA4du]&3 =
o)

spstE o]l AEA ol mA= B =

o Ao E&AIER £F4Y HE7F B F U2 s Aol AEA mA=

FEFoly oJefFol dAd FTHe HAEE dSsAY FEEHAAM SME A

Batsd 8% AEE At 28Rz SEHE-= EWAss e

B ATS A7t 83 HolHE o8E F US Aot

S (CHs(CH),0H)-& AEA S A3} fARE ddE 7FA 9l A
2 e F32 7] Wi SeE-= BAss AEES A=

e
EE2Hog QYEG AR EHO & AFolx, mj$ 2L dHo|Hwolxe 3}
(@]

2+t}(Sangster 1989;

o 2 o
I AN ox
ol

IN
fu
-z
A
o
ll
2
AN
ok
-+
%2,
rr
td
ofll
o
=
i
L)
2

Meylan and Howard 1995; Chiou et al. 2005).

sstgdel 4EEEL YIS A9, BCFeh Ko Aloldlis dwdow K,
7} Z7bakl Wl BCEh Z7keke AHAQ Auddel Uk A% A2Eo)
et Kow / BCF FaaA 48 712719k AW gho] st 2elE Hol=H oA
= BEFTT AYH Fol, F AAGY zelz st o watAd o] g9 4
#ZaA N gk A&HH Ayt Hestvy #dEti(Leeuwen and Hermens
2001).

2 AT7oAAM= BCFuwot Kow 710 FBHAE LotRi A4 (log BCF = a
log Kow + b)& &8st 73 BCFaa 43S

3.3.2. 23wy

Tl Al Sl ARS

Slow—stirring method& *F113}

i
i
o2
o

Ho OECD guideline 1233 Aaron 59 A71%
o 339 HOECD 2006; Fisk et al. 1999).

_26_



Slow—stirring method& 3] AF&3F 1—octanol& Merck(99%), &2
Argst T 8ufe] AAE GAEA 43 1-ocatnoldyt &S ¥ 318
et FEI kel 1-ocatnold} % Eﬂ'/\ﬂoﬂ FHlstal wHHAIA X387} o
FoAA vt 22 T3 E SEE ZAle SEE 6 F 19 HEE TSt
24X et 2BAZ 2, & T Yot AMESElE SEEE 23k
o] ZA= E 6 1 SEE 19 HER T3 £, 24 A St XIAT|
g et ARR-3FATH

Zg2~=39) Z3FE 1-ocatnol 50 mle} & 950 mle] BH|EE F AL A

>

= ==

N T oo
fr mn o > 1o B py

= 7](Rotary vacuum evaporator, Eyela, Japan)
Qolx Aes A7 1w fE A=

7l ¥ HPLCE A3}

312 Ko 2Hd e -%%—%/U wohAlGsh BCFel #AAL g3t

BCFzk& A a

BCFgta} B

N<>l:0
5 o
o £
ﬁkr
= O
w B 4
)
= pu
@

b
v g
[%

> Ly
il
o
o 9

Kl r
ol
ol
£
o
r o
r o
X,
ll
Ae
i
rok
vl

3.3.3.1. TD49e|] SErL/E RujAsF =3

TD49E Z=Zox e LTz Qs A =z & &
ETh 2%y i /B BuAS 53 Al L F ‘1%‘% ko] =3

—l%%/a HHﬁ]—’F APAAN Log Kow #2 3.66 o1, 7] Hid Se&/E
Al BA A4S o]&3F BCF A4F A3, F&7 BCF g2 AdS Bt T
S Ao vt HAHCR =2 AL & F Utk SEHE/E BWASTE
&3ote] Fax BCF g7 A43& &t Fafixl BCF e Hlusids o 7+
243 A& Neely et al9] 4l(log BCF = 0.54K,y + 0.12)02 Adgn E o

T Kow ZES AR38IYS wf 124.858+= BCF ko] dojZth.
A o5t Tzl log Kowgtell B3t AejAIANA 22 FE2 dojite A
BTS2 2sl/iAAE, 2227, 1484 T Al 7HA 899 BFHA 2
2 B 4 9t (Kwon 2008; Leeuwen and Hermens 2001). walA] o| 59 A

X

o
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H4E4%7 HelHE EHE sl 5487 499 HE:EA

A

9

o X

wr &or
1 o
(i
r@
. M
Ae
o
0
t
ol

N
>
ofr
oX,
fjo
o
N
>
ol
ok
k1
>
ol
ok
R
o

1. TD49+38j el 109 T =&
2.15, &% 0.69 nmoles/g2 & Aot 2
ot 7t BCF& W& 67.70, ol7bm] 63.32, 2%

2. TD49el =28 A5 Hol2 53 P25 74 & Th49q] =&

:L

HE2 BEA3 Az g 5.98, ofrimr] 9.93, & =
25 2247 aFd Hlasty F9s w2 do] FHE AL € F 3
z}7ke] BAFE= WA 175.89, ol7kn] 114.88, & 32592 A4t= o)

3. TD49el =&® Holo}t sj& FF3std 7Lt =27 olF &3 s+t
S Qo] W& AFs A, YFoA 2.81 nmole/g ©] AZF o <k 53%7F 7
ia}gﬁ, o}7}n| o} %%011*1% AEHA skt

4, SELL/E EujA4

741*4011 ols] BCF& 741*&%& Az Az A %_‘ﬂ%& Ale Neely et
al(1974)9] Ao =z A=t}

AP A TDA9Y 3N §HE7t ol HEFZES} 22 AR Ay
A olfol UE BFE 48 27 ABEFASLT 20A B4 gith & B
B39 42%¥FE Bd QSARC|U THE 2247 Hastae HelE yHos
we Az BYHA

TD499] ABFFEE SUAR, AgE s BFAAE AT 9% 34a
5 0o Agades i A=t HS o gadde A=, A #3
o oi3 WM4E ;e stel TDA9S] THe A%H Bao] BeF Zoltk.

ot
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3.4. TD49 EA9 gt FEo|3F Ax5 H7}
QA 143dx: 20119)

341 4974

Aue BrBdol SFPAC] A 9T P A dFH YRR G
b gtie] wFEAE AT s SFF A AEol I S HxAael g 2
258 Fdtaxt vt B AEgA e 34 = ). AFRABE 4E(Heterosigma
akashiwo, Chattonella marina, Chattonella sp., Heterocapsa circularisquama)®l| t™ 3k A
AeAE 2 TDA9EE =¥ dAxad 1) 4x28E H dkashiwo?t C. marina °©| 33|
M Afuassos A fFFFAAEAA vAE FFE7L OD) G428 E
Akashiwo sanguinea® Zx% HAE, IV) dotefdo] e 2 XA E20E et
TDA9E= A o] x5l #3 A4PE s

342. 2344

3.42.1. TD49 A =x&E4

Thiazolidinedione %4 TD49¢] %% Figure 3. 4. 1. 19 YA o, 44
ZE WG RE AFE TS BAS A2t}

TD49(MW: 337.8)¢] &&= Fxtietw SFaQugrt /st wye] webTD499r #4F
Al Solutol® RHSIS(MW: 960)(BASF, Ludwigshafen, Germany)S &7 1009 ol €29
ehde] GafAzl BHE F2olA FHIEZE o]&sto] AAAZATL

Folzl LA FAAIE spatulag o] &3 wolWal 124]13F &b 2 Fstel A fAd] Ax
A FH L, o]k o] dolXl PE=E THTFE ¥il 259E o] &dto A&l + stock
solution(296) 2. = AF&31 T TDA9E AL o 2 2] 7] wiidd 7% weEol| =
o] TD49 stock solutions W&o A5 Agol| A& T

o
=1

ﬂﬂﬁ 01

O

Cl
\
NH

S
O
O
2% 3. 4. 1. Chemical structure of TD49.

3.422. AxAE9 4% (Heterosigma akashiwo, Chattonella marina, Chattonella
sp., Heterocapsa.circularisquama)°ll W3AZAGA Y @ TDA9EZRA Tl xw
s}

A& A7) wE dAAe EAE Hdetstry] s FAdoZ ket Ak



of IS P Aoz AAHE 4% Heterosigma akashiwo, Chattonella marina,

Chattonella sp., Heterocapsa circularisquama (HU9436)°. 2 H 7} 3%t}

A2 F40] g% 70 mLe AP ¥H(e22 mm X 200 mm; PYREX ®)o] 50 mL #f =
~%%3344Q‘%?ﬂlﬁﬂvlﬁi%%gmﬂ&BFﬂD?%ﬂﬂﬁ%§%?ZG
Cel wjFzelA SHHTA flae 63 o} ACHLE 3. 4. 2).

19 3. 4. 2. Photography of Exp.l
g =ol ek TD9EZ e s dxss Hofstr] faiA x5 £3ste 4
ZE2 TD49e] st F=791(0.02, 0.2, 2 uM) A &S 33},
F A X ZF Hakashiwo 9 AR ZF Heterocapsa circularisquama®| @A+ 2]
AdAo] wE xS Wrislr] 9elA Z7|(initial growth phase), W52 7] (lag
d logarithmic growth phase), 9+ 7](stationary growth phase)ell~ TD 49& %
7} lc-):E]ﬂEﬂ 101 o]_oﬂr,]_

e 19 AR 22dU3 F 36}04 dres HUbsATh ¥, Chattonella
marina®t Chattonella sp.oll @34 += akashiwo ¢+ H.circularisquama®) 233 54
o R 2], 2 %ﬂr%ﬂ/ﬂ 9017} g 7F8k i Tk

< g 60 pymol m-2s-1, FHF7] 12L: 12D= ZAH3dle], 19 7H4 o2 Turner
Designs 10-AU Fluorometer® & 333t(in vivo fluorescence)S Z=A&Avt (ZL1d 3. 4

3).

2

10 AU (in vivo FIuorescence) =3

Ahundances (X10F eells m

1]
L0 1020 30 40 50 60 T0

; R g B
o N ay
\ ! Wy
~ S L Voo At

— — - —

2% 3. 4. 3. Methods of in vivo fluorescence measurement.
- 5l /\Lg\_%ﬂ oﬂ ];H?'S]— A@%g §j—/\‘]]ﬂ]—.9. 7(4 = ﬂoLg}y] _ﬂgﬂ/ﬂ = /\1%4:[101]/\11“[)49
A% 3 #FnlE Phyto PAM (phytoplankton analyzer; PHYTO-ED, S/N: EDEF0139,
Germany)% N2 AzxAE &4 9E2(Activity Chlorophyl)E SAH A S(28 3. 4. 4).
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(b) Chanonella marine

—

Phyto Pam (Active Chl.a) £

| ~

Abundances (X105 cells mil -1y
.

218 3. 4. 4. Methods of active Chla measurement using Phyto PAM.
EE HAFCdA dRF=AR SAED 3 4 T AxEEe AR FSUZ
ek ZF Fol dhE JATEEE Hotstd (1% 3. 4.5 and L¥ 3. 4. 6).

8.0

(a) Heterosigma akashiwo

y=1081x
R2=0.992

Abundances (X104 cells mL-1)
b
(=]

(b) Chattonella marine

Abundances (X103 cells mL-1)
[\]
<

y=165.8x
R2=0.997

—
wn
o L b b b b by

3 10 15 20

0

60 (¢c) Chattonella sp.

5.0
4.0
3.0

20

Abundances (X103 cells mL-1)

y=1181x

10 R2=0.998

RN ENENE RN SREEE FEE RS SRR N

0 10 20 30 40 50 60
in vivo fluorescence (relative units)

19 3. 4. 5. Relationship between cell density and in vivo chlorophyll fluorescence of

Heterosigma akashiwo, Chattonella marina and Chattonella sp..
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o
=1

Heterocapsa circularisquama .

.
=

i
o

b
o

Abundance (X10* cells mL"1)

—
o

y = 782.8x
R2=0.9912

T T T T T
10 20 30 40 50 60
in vivo fluorescence (relative units)

19 3. 4. 6. Relationship between cell density and in vivo chlorophyll fluorescence of

Heterocapsa circularisquama.

test plateol]
20, 40, 100 ,LlM)E

A5 vl 3} %%e%ﬂ -':4 *@f‘é
TEFATH L™ 3. 4 7).

3. 4. 7. Test of zooplankton risk assessments

ri
>
o
-
(ld

-8
g
HH. akashiwo®) *ZFs HIIA ¥R FEZHA F
E=gdRe wWaseA) TD 49+=4 2 yMy} ¢ & TEIEIHAE
ALH oz w|ddle] HEAE(H akashiwo)e] &%
o,



ool wEG Po AFshel 1Ee] WA olR = Frsev,

3424, SR W25 AYS 53 H akashiwo®t Chattonella marina® 2%

W ongaE AU 9t

H. akashiwo®}t Chattonella marina®] 235 2 A&, sEZHIAETHA W3k A
AN HME AR (2E 3. 4. 8).

AP 12 L cagedl 10 L MF5E W, 42e) AT 5HA AxPES 44
% 2L AF & F 20Ce AFRANA 4 PTG ) WRTE FPFAL,

Hloke 1Y HA oz 1097 A=l oy, =&, 9% pH, Turner Designs 10-AU
Fluorometer® 3 #3k(in vivo fluorescence), Phyto PAM Au|E o]&3 &4 =4

(Activity Chlorophyll) 5% =4 3}%5.
3.425. AZAAZAAE Akashiwo sanguinea A|°]

Akashiwo sanguinea®l 2 %& Aolst7] flsto] A AP HoNA tpdd =
scale(SS): 50 mL, Meddle scale(MS): 10 L, Large scale(LS): 40 L)2] 238 3434
t}.

SS(Small scale)2 82 FEwkol| A A sanguinea’} E3He AAXE e 4= 1 L A<
el Alste] T4 gd 70 mLe A8 ¥He22 mm X 200 mm; PYREX ®)¢ 50 mL
Bdvk 2 A@(dET, &viMethanold 2w, TD49 A#a) wiry 224 E(50-60
FSUE wdstA HE & 5 20°Ce wigxdolA wjekstalth. o714 TD49 A el ¢]
EATEE HF 2 yMZ2 A9 3, Methanol 2] TD49 =49 AxaAo|A &
A = o] &3k Methanol®] F %7} 2 uMell &3k o2 Frlstdoh gk 2 A3 o)A
v AxEdd A A= @4vE ARE deofstr] 9eEiA TD49 HE F Phyto

PAM (phytoplankton analyzer; PHYTO-ED, S/N: EDEF0139, Germany)dv] = 2 34
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5 24 4= (Activity ChlorophylDE 274 319 T,

MS(meddle scale)d @& A&uto| X A sanguinea’} T3 AAAEfe] s 80 LE

Adtel APz $wd F HFE A F B0 12 L Zek2Y cageol 10 LY Wi 9

7}3} At

LS(large scale)2 g2 AxdAg A s4& HALE iﬂvjf*ﬁ}oﬂ 60 L % &7l 40
E 93 @rhsidnh 2 Adol A= dAolA wv e TD49 B v EE AxA
Aol & & A=A Hrkshr] 98 #HEFs=7 1 /JM4 A hxaow AAg

g 3 3
2752 12-16°C £ 30-32 psu; F22 F-ofte xeolE HYar, A2 YA

ooy o O
o

Ao} vl Eo] Z7)al L)l A wleks (28 3. 4. 9).

35°10'N

35°0'N

» 1’28°30'E 128°40'E 128°50'E
19 3. 4. 10. Map of the sampling site (St.P) and location of large scale experiment

in Jinhae Bay located in the southeastern part of Korea.

B oAge g Aol gujold wgd wF oy] 2o @4l @ 9w 2
A we Aow dysol 19 HAoR 4970 AL FAAATHIY 3. 4. 10). =3
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MS# LSHZ A= pH meters o83t AAE pHYESE EUHE T3 v
Chlas=E =A3F9vh
Chlas s ZF 23839 wd+ 100 mLE GF/FA¥A] (25 mm Whatman glass fiber

filters) = Oﬂjﬂr& % 15 FHo| ¥o] 90% acetone (8 mL)S.Z 2443 WkAiolA JE4
£ F%3% & 3 HF=A7|(Turner Designs 10-AU Fluorometer)® 33}t 3l =&
AP An| Aol A A sanguinea®l AL F-oF wjFAIZEe] Aot Tl Eo] AESHA
= TR HstE xAbsth

e Rtel] AL Ayl A 108 FoollA129 274 Al sanguinea®] T E] ]
Az HASY. A sanguinea®l A Z7F QAANA A EHA 0w FAHE AL wets)
7] 9184 Sl T HEll e oF Aol Tl A 119 7 1249 7Y Ako] (17
4) ole BTTE WY AN, 129 7Y olF+ 3-4Y HASE EuUYHE AT

e}

2 01" mL& Sedgwick-Rafter chambere] #33F & Lugolfdoz HEET
A nA-sfe] FEgdn A FlolA F vE AESZHAES 14 2 A

:Oé

O

>
kgl

3.426. Aot A A AXAE(R0E)S UACZ TDA9EZ Ao EA

Aeto| A FHBl= 20 (Heterocapsa triquetra, Scrippsiella trochiodea Akashiwo
sanguinea, Alexandrium tamarense, Prorocentrum micans, Prorocentrum minimum,
Prorocentrum dentatum, Cochlodinium polykrikoides, Heterocapsa circularisquama
HY9433, H. circularisquama HCLG-1, H. circularisquama HA92-1, H. circularisquama
HO4, H. circularisquama HU9433, Rhodomonas salina, Heterosigma akashiwo,
Chattonella marina, Actinocyclus octonarius,Chaetoceros atlanticus, Chaetoceros
didymus, Odontella longicruris,Skeletonema costatum, Thalassiosira conferta,
Thalassiosira weissflogiin)s F74°] €H 70 mLe A& (622 mm X 200 mm; PYREX
®)o] 50 mL @il thxd TD49 A2 uM)E 3 7hskadvh
TDA9= Aol sk 7 A&Edk xS TD49 HE = Phyto PAM v =2 &4 =
Z~(Activity ChlorophylDE =4 3sle] ¥ 7}slsit)

343. 443
3.43.1. 2FEADNA AFGA L TDWER ¥ AxPEA 0 5A

AzxEZ TD49S ol &£3te] A EAxEA XA Y ZXF  Heterosigma akashiwo,

= ¥
Chattonella marina, Chattonella sp.& t’o2 2x5-S H7sk9oh
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Wle. 27143 A (initial growth phase)oll Al F3F A&7 o] w82 72 0.02
AE T A= YERFA %o, 02 9 2.0 pMel A H. akashiwo?t 73 731A]

go AoR Hol AxFHE e Aow HddArt A AxEAE T 149 F
02 pMelA = dA FBgko] AHHo 2 Tk, dAnde= H1A4s 234 H
% gl B Aoy Wol TD 49EAFE7F 02 uMollA = Axaart

_

<!

Az EdE Ha, UETE XFe 002, 02 pMAZ Tl e ALAQ AFE B

w3k ok Al A A7) (stationary growth phase)ol A& 2 uM A g ol At
dxEAE HEAY Axd oz R AR el vIMstA s st A
akashiwo & AlolstH ™A T Zz7|GA ] TDOEZAS 232
FEAR dAHoR 059 ARAE AT F UE V5SS M v dddnh

] 52 7] (logarithmic growth phase)oli= 2.0 uM2] TD49EH A MW H. akashiwo?
&
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180

(a) initial growth phase EI]
150 ‘
—O— 2.0pM
~-3--- 0.02pM Py

—{l— Control

[=2)
(=]

in vivo fluorescence
Nel
[en]

W
(o]

0 2 4 6 8 10 12 14 16 18 20 22 24

(b) logarithmic growth phase

—O— 2.0uM
- @-- 0.2uM
---{3--- 0.02uM
—l— Control

120 TD49 inoculation

D
(=]

in vivo fluorescence
el
[en]

(%)
fen]

0 O
186 2 4 6 8 10 12 14 16 18 20 22 24
; (c) stationary growth phase
150
8 1 —O—20uM TD49 inoculation
31204 @ 02pM
2 1 -3 002uM
S 3 —— Control
5 907
= ]
o) ]
2 ]
2 607
s ]
30
0
0 2 4 6 8 10 12 14 16 18 20 22 24
1807
] (d) Zooplankton inoculation Exp. TD49 + Zooplankton
) 1503 —©— TD49 2uM+Zooplankton inoculation /
Q ] o .
g ] -@-Z
5 120~ L J ooplankton inoculation b
2 1 - Control y
2 904 oL
= ] L
2 3 o
= 607
= ]
30

T T T T T \ I B N R
0 2 4 6 8 10 12 14 16 18 20 22 24
Incubation time (day)

[ [
19 3. 4. 11. Growth of Heterosigma akashiwo at lag, logarithmic and stationary
growth phase in cultures inoculated with concentration levels (0.02, 0.2 and 2 uM) of
TDA49 substance. Controls were algal cultures without TD49 substance. Error bars

represent the standard deviation of triplicate samples.
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AZAXAE Chattonella marina®t Chattonella sp.©] ™3 TD 49 E49 »xw 2x%
28 3.4, 12 ¢ 3. 4. 13 YE .

ol

o

%— E ZNAFGAANAE 02 9 20 uMolA AxE s JERES]
o= H. akashiwo o4 ¥ Arza el H|S=d AR 0.2 uMelA]

E (a) initial phase

1 —o0—20M
204 @ 02pM
1 ---3---0.02uM
] —l— Control

TD49 inoculation

in vivo fluorescence
—
wh
|

5_
0+—0—0—0O0—"~O— 80— 9@ . .
307
o 255 (b) logarithmic phase
& .
g ]
2 1 —O—2.0uM TD49 inoculation
g 2007 ---@--02pM
2 1 oM
o 157 —l— Control
= ]
& 107
5__

0 1 2 3 4 ) 6 7 8
Incubation time (day)

19 3. 4. 12. Growth of Chattonella marina at lag and logarithmic growth phase in
cultures inoculated with concentration levels (0.02, 0.2 and 2 uM) of TD49 substance.
Controls were algal cultures without TD49 substance. Error bars represent the

standard deviation of triplicate samples.

B AP A AARER 3F BF HAG BEBAY SR BEFS uYa,
AARARRE 2709 02 pME R AL AxERE BBY 7 Ao, 9rFa7)9
g7l M Ao Axsdn A9
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709 (a)initial phase [b

03 —o—20M

504 @ 0.2pM
1 -3 0.02uM

1 —i— Control

in vivo fluorescence
i
o
1 | 1

TD49 inoculation

~@ |
Y
Y
e
@
c@

704  (b) logarithmic phase

604 —O—2.0pM TD49 inoculation

5o @ 02uM ,
3 -4 0.02pM
—l— Control

in vivo fluorescence
A
()
1 ‘ 1

l\J—|‘

Incubation time (day)

19 3. 4. 13. Growth of Chattonella sp. at lag and logarithmic growth phase in
cultures inoculated with concentration levels (0.02, 0.2 and 2 uM) of TD49 substance.
Controls were algal cultures without TD49 substance. Error bars represent the

standard deviation of triplicate samples.
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[] Initial growth phase
[l Logarithmic growth phase
B Stationary growth phase

160

a (a) Heterosigma akashiwo

—
N
[«

L)

120

o
2.8

o]
o

Activity Chl.a (pg

N A O
o O O

o
I

0 0.02 02 2
+ Jr (b) Chattonella marina

\®]
o

15

Activity Chl.a (pg L)

o
Lo v v b

]
3

1
0 0.02 0.2 2

<3
o

} (b) Chattonella sp.

|
I

N
o

W
o

WA
o o
i EEETE NS N AT

[\
[«
1l

Activity Chl.a (pg L)

_
it

%

—

T 1 T
0 0.02 0.2 2

T49 concentration(pM)

19 3. 4. 14. Changes in active Chl. a concentration of Heterosigma akashiwo (a),
Chattonella marina (b) and Chattonella sp. (c) after TD49 substance in oculation in
three (lag, logarithmic and stationary) growth pahses. Error bars represent the

standard deviation of triplicate samples.

H oo Fo A TD 49= ]% HAE 5 Enlz ) FdHE
A AAGAE R g4 Q=2 (Active Chlorophyll-a)E = = .3

4. 15). H. akashiwo?) 704 02 uME =4 Active Chl. gi= AHGAEZ x4 A
9] zpo] glo] & S AAFFF o, 02 uMolA = 27| S A A= Active Chl. a
| W= R ki, g2 7o St A vEE S vhE 2 g
32 7)o & Active Chl. a©] %%QX] ‘9}31 ol A Ak
o

761959 pg LHE B.9S 5 2 pMBEolA dxAAES Ao 7Meshda dw

JN' bx
O_I_/ :lm
w
i
o &
'
o
M
BN
=i
o
9
&

o

. <2
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Chattonella ¢ + &9 A
shA LFERSEIL 2uMell A <
7F dAASA HAS Ao

ON

FAAH Active Chl. a9 ¢ H. adkashiwo & 433 F-AF
Z:%— H. circularisquama 33+ )2+ 4] Active Chl a
of Ax7Hrt FFsirial g,

Fﬂirﬂ

[ ] Initial growth phase
[0 Logarithmic growth phase
B Stationary growth phase

[N
<

Heterocapsa circularisquama

P wn
[} (e

Activity Chl.a (ug L)
Lé)
||||||||||llll|llllll||||||||

20
10
0 — I —1 i |_T___
0 0.02 0.2 2

TD49 concentration (UM)

19 3. 4. 15. Changes in active Chl. a concentration of Heterocapsa circularisquama
after TD49 substance in oculation in three (lag, logarithmic and stationary) growth

pahses. Error bars represent the standard deviation of triplicate samples.

dxEd TDOE W AAEXF 359 dARXFIFTY AxHE f3ste] 4545
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19 3. 4. 1. 16. Light microscopic observation of Heterosigma akashiwo (above),
Chattonella marina (middle) and Chattonella sp. (below) in cultures with the absence

(left) and presence of algicidal substance (right). Scale bar: 50 ym.

19 3. 4. 1. 17. Light microscopic observation of Heterocapsa circularisquama in

cultures with the absence (a) and presence of algicidal substance (b). Scale bar: 50

um.
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19 3. 4. 32. Changes in in vivo fluorescence of 20 species after TD 49 substance

inoculation in 0 hour and 48 hour.
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substance noculation in 0 hour and 48 hour.
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Cochlodinium polykrikodes

19 3. 5. 1. The photos of Cochlodinium polykrikoides2}(left), and aquacultural

demage on Kyeongsangnam-do, Korea(data source by Kyeongsangnam-do)

2008 | SHE
2009 | WS (WS HE)

(O FEE)

BN ETEE TN

Before Diatom(19804 0]7)

1990 Chaetoceros curvisetus,
Skeletonema cf costatum,
Thalassiosira rotula,
Pseudonitzchia pungens

Flagellates(19803 0] =)
Gymnodinium sp
Prorocentrum spp.
Heterosigma akashiwo
Noctiluca miliaris
1990 - Cechlodinium polykrikoides
2010 Chattonella spp.
Katodinium glaucum
Alexandrium spp.

2;? Alexandrium spp., Heterocapsa circularisquama="HS/d g T =2
oat  Heterosigma akashiwo Chattonellaspp.,= T 224 {5 CHZFEH A}

19 3. 5. 2. Major harmful algal species since 1930
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WamEe HRAGAN/EA G Tae 2P G Perdl HAHAL(1Y 3. 5. 3.
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o] 3mel Lol F#sk bed EIYd AAY bagd WA FAF. AEIFE o
Pol Seun BB FA%Y) 98 BN FAE F 167 4SS Aol @
&8 ez ET V), HET AR F 6% HeHAo, WamolAd we
APol FEH AFE Am FA9) AHSE FEAGT, T 13 ton FUFAL. BE
WaaEe sFudld Im kol A94 A3, BAF WAE A9, 2R R Py
o odREel WA FEL Aol BAY Wik Lol FAsk golstel, WanF
e HeEgasel Fue) gadl 9% JFS A2 FAH(1Y 3.5 )
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19 3. 5. 3. Mesocosm study site in Jangmok Bay, South Korea
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19 3. 5. 4. Setting procedure of the mesocosm

3523 AxAEuG R WisFd HE

AdEE Ax AE H circularisquamas WAazsol A-&37] f8 £ 186 L= =)
F 3o, HEEEE 4 x 10° cells L' vt q@wW %l H circularisquama® ¥ %
oA E5tete]l BYd HEE Ay 20 L bottleo] Euidtada, o2 AFY WiaE
o HEEQE. WaTEd FEFH H circularisquamad HFEEE 2 x 10° cells LT
ATt H. circularisquamas WMAFEo HE & 1€ 4547 & TDAOE sEE=E F

A3te] FA}EPS(2E 3. 5. 5).
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19 3. 5. 5. The mass culture of Heterocapsa circularisquama and introducing
procedure in the mesocosm
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TD49e] 93+ H. circularisquamaZ ¢ AZxa s <oty r] 93 wixs Wy TD49 F
AeE+= AL Ad AR A7 vlgo s HEeEE0, 02, 04, 06, 1.0 uM=

H

AA3FG . B3 0.19% tetra—amidoethylamine® 0.1% = FY3Fe] vn x+= &3}
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TD49°ﬂ ot AN e &S ZALs7] Yl ¢l siel A4 sh= 200 um o] A
ao]. o]

0
AES 100 individual L' 22 Wa2a3Zo U39S, 79 B8
%}ELEJ °F 90%+= °F#=(Noctiluca scintillans)®) e, L8 il Slgdgdo= B

70 individual L'9] 522 wihFZZo] FU319 L.

TD49¢] €3 AgkzAbs TDA9 79 & 1047 w2 07:00, 19:000] 23] =UE Y 3
=]

. P, A8, $E404AF YSI 6600 data sonde(YSI, USA)E &-83t0], dFolA niz
=439+ (17 3. 5. 6).
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1% 3. 5. 6. Monitoring (Temperature, salinity, dissolved oxygen) by YSI 6600

i

7 WazZUe d4s Mixer? w34 £33 3 4L no]lAZ FHgdo] A58

_63_



WAL BERO] EA §7 Hob AYHE LMHYL. BE xuBU] A5E Ao
e AR R AFAPS AR FH LGUOR FH §9) % AIFOE PEo
FES Hrgeae(a" 3.5 7).

(= |

L=

1 8=
URNTUHZ T  (SIZHI0H, ™ 28
Zobil =2 - =

19 3. 5. 7. Sampling procedure in mesocosm
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1%2 1A% & ov) 53k, 4 2 AFds. sESFHAEY AF/AY F4E
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JAPAN)°. 2 &4 2 AlF33 .
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19 3. 5. 8 Small scale test for algicidal effects by TD49 on H. circularisquama
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19 3. 5. 9. Changes in in vivo fluorescence(a), active Chl.a concentration{b) and the
reduction ratio of H. circularisquama (c) in the control, blank and TD49 treatments in

the small scale experiment. Error bars represent the standard deviation of triplicate
samples.
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19 3. 5. 10. Changes in H. circularisquama abundance in the control, blank and
TDA49 treatment
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— Others
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mmmm Artemia Noctiluca ——— Another
Nauplius Copepoda
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18] 3. 5. 17. Changes in zooplankton abundance as a result of the algicidal acitivity
of TD49 on H.circularisquama in the control, blank and TDA49 treatment mesocosm.

open circle indicate the total zooplankton abhundance.
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T-ol A 04 uM TD49 o]ate] sz ¥ 5 19 olWel| H. circularisquama®l 50% ©]

H.
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24 G252 Cylindrotheca spp.2F Entomoneis spp.”} 32313 e, &

| A = 7] H.circularisquama’t =< H&S A AR o]
Prorocentrum sp. 7} < H&S AA| 3] 1xd %] Ao wpzyfA = TD499] %
Eolg Axaas UetHAS. T ESHAELS oFFE(Noctiluca sintilllans)’} 8§
AEoZ YERI, FESEAE A AT WskE TD4A9el ok 434l dFH
th pH, Holl F9] 7ol ok g acle] sl ofsk 1134 GFo] & Ao=E A
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3.6. #A e A (mesocosm)ol A 3= TD49 EA] o3t

A F7H23A 3xd %=:20134)

36.1. d4uA

Fall 7o Al (Harmful Algal Blooms)S A EZ#aE(FE 9H

2R)o] tlerow WAse] WRE M| W A4S AFsu, &

W o] & supc; AzxaA gy YR ErL Zobeta 9o, o weldE §535 1 3l
FAol A olE AXAEL F2ojife] ST E opriule] uE HAAAA F

o] w3t vEE FEAg. ofb&E Abd 5 =
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19 3. 6 1. Fish culture cage damages and burial process.
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218 3. 6. 2. Yellow clay application and the mechanism for controlling HABs by
vellow clay
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* Occurience of initial C.polykrikoides bloom
@ Observed area of C.polykrikoides bloom

Damaged area of fish culture B
» Water current

/ Wind direction
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218 3. 6. 3. Descriptions of the Cochlodinium polykrikoides bloom and fish
culture losses that occurred in Korea during the June - August period, 2013. A
total of USD $27 million losses to fisheries occurred in the areas A, B and C,
based on NFRDI (National Fishers Research and Development Institute) annual
report (NFRDI 2013).

A 20133 W3 Cochlodinium polykrikoides? Zo| A= SEAE O o) & x4
£ FAEEC] £A FolA, AxAEo] wEHERE AHE FI 5% At A7
B vk J&5(2’” 3.6, 3). o9 22 FAHE wEe] FE osh Az
A& AZbsbA argste] Abgstojol & Hark Qv wekA] AxAEES Hrl §¥
A= E29 o] A3 a4, ok, JdE ER
N DS Hrbske Aol F83% dAAoE A A

U= e dEAHA (vhelazss & Wass
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19 3. 6. 4. The process of ecological risk assessment for HABs with the

use of vellow clay and the chemical algicides in mesocosmenclosure.
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ROAMAEA  wAE GFgFstet of&y  ID.AAOA tIEAE  AXRAE
Cochlodinium polykrikoidesS o2 TDA9E A9l Atz w7 2 94 H7E vt
olAaRFAZA FHEAL. wpAHoZ [V)oAE TDA9 EAdo] ofFd H|X

CREMICE B OEEEESE R L LTS

iy
2
%
o

36.2. 239wy
3.6.2.1 Heterosigma akashiwo(1x})¢} Chattonella marina(22H) A& v &
2013 &= H e Aol A A xwdTD49e AeiA flald H7E S8y faA A4
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¥ #&  Heterosigma akashiwo®t Chattonella marina®|th. WAz 52 3L 6493
22y FRE S MAIFARES FhsH] AGARE dxBE5S e Wit A
Ao AE 2w o] ad WA AxAEg i s dFsy] A
s el A A3k B 300L(ZAH7e] Fd A3l #Bad siq)E ofHdgt
2 3R (19 3. 6. 5)

2% 3. 6. 5. Preparation process of filtered seawater and sterilization seawater.

Aegk oFsle= 1" 30 40 30 59 #Zol Ao &U]o FPd 5 dA
Heterosigma akashiwo(2013d 5¥€ W])9} Chattonella marina(62 £W)E &3}
2o ksl e, AxAAE Hike 20T, 9 30 psuolil, F#S 12:12(Light:Dark)
A4 40-60 pmol photons m”> s'®2 FA 5 257U FHFAS. wWSE A
AES s Ao Aol JFs7] f18iA 200Le] SekaE Tl wa, &
AR AEeiA EFste] Ao Waisg W JEL F Y= 2019 2
AMATA Aol AHgst7] 913 Wzel 7hAA EuistA s, o9k 7 ¥
F3ko] 2009 |78 H. akashiwoBd B A 1471E EY8H93, Cmarinad @A 1470&
7t ] st ] @] HEsA (28 3. 6. 6). Uﬂii’ﬁ‘ﬂ“ 159 dAaEisol

N2 o

ol = |n
mlo\“E

£

T

A& 12 AAGL ) H akashiwo NAFE 1000cells mL Y, 23 A3 Chattonella
marina(7T2 %)% 80 cells mL'E 77} AEa9 <

==
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18] 3. 6. 6. The mass culture of target HHABs and procedure of application in the

mesocosm
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Z1¥] 3. 6. 7. The procedure of mesocosm installation and making.

- e e

218 3. 6. 8 The input process of the outside seawater in the mesocosm bag
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19 3. 6. 9. The application of yellow clay and chemical algicides in the mesocosm

bag

3623 AxEA B FEAY AT TYEHY
TD49¢} 3tEo| W3t Heterosigma akashiwo®} Chattonella marina®] 383
w7 §18 MAsEsS T39S, TDh49 Hrlemes ddm20129=)el #33 M.
circularisquama®] WMAIZLTATE Y o2 [ akashiwod B+ HETF== 0, 0.5, 1.0,
1.5uM= 3E+= 400g /ton, lkg/ton 2719 AdTE X3 3% (400g /ton)+TD49(0.4n
M)¢ EFAFETES FAeH, C marinad @9 HEEEF 0, 02, 04, 0L.8uUM=E FEF
400g /ton, lkg/ton 2719 AdTE ¥ 33 3E(400g /ton)+TD49(0.4uM) S S3HA &7
= FAY TD49¢t #FEe] o3 AeA NS A3FS H7Esh] f& Sl siol A4 s
=200 pm ol =79 BEZHAES H akashiwod] AAA 600 individual L=, C
marina®) A& A 300 individual L2 WAzl 27 F91819 2
TD499} e o] AgxAE 248 ¢ 3 5 547 wd 06:00, 18:000] 23] =Y E
J5t A EUHHA F2, d#, 544

X

oo}

(ld

[o

= YSI 6600 data sonde(YSI, USA)E &3], dAA] = ZAHI (219 3. 6.
10). 7+ Wla2zZE5We 85+ MixerZ wdstA £33 5, AL vlo|AE & 83l A 53}
RaL, AL datfel FA A wol HFHE W S(2d 3. 6. 1), BE dAa
s Arste % Az g Aaads AX FH eddes FHe f4 2 da
SAFo R FEH = Eakalys Sy e

Agdz guty 7} vazmzFolAe 4L dl4i= pH, in vivo fluorescence, Chlorophyll

a(Chla), Active Chla, Y& (ALY, dEYw, Q14 59, A=2HAEH s=3

M o2l
tlo rlo



AE AP 2 AAET &89S, pHE pH meterE ©] €383, Chlas 100mL
A4S GF/F oJ3Ad A2 % 90% AcetoneZ WHdolA ChlaE %3 the 9
22 7](Turner 10-AU, Biosystems, USA)E o]&3}o] =439S Active Chla:= 2
EFAE A2BA A A= FBES SAHsSY 24 J45AE AAbskeE
PhytoPAM(Walz, Germany)& ©]-§3te] ZA3 85, 449 £4& A8 GE/FR o4
A0mle] AHmE APAAS Al wol -20Tel A A7kA BAELaL, Parsons et
al.(1984)¢] &4 wlol webr] AFd FHdwE4 7] (BranLubble) 2 43135, A2 daE
A/ B4 98 50mL Conical tube®] subsample 3F¢], Lugol £ % HEFT
5

e

.

oo fo oy

FU

3 =4S

1%%2 AAs & ov] s5ote], 54 2 AT s=EFAEe] AF/A4d F4E
s 2Le sFE 200um meshE &-&3te] HF F-3 20mL=E 1009 53 v
Formaldehyde #H&&% 1%= 314 3te] HA3H9 AL, & F-A 74 (Olympus, SZX2-TR30,
JAPAN)°. 2 &4 = AT &

7 gl el W asS(Heterosigma akashiwo;1x Chattonella maring;22)) A& ol 4] dlg|
glote] AEHFLS FHE I (Sudan Black)gHe10.2 ym membrabe filter (Millipore)& ¢
A & aA8E ARE F &Y sHste] dAR05-2 mb)e FHE oAHF
DAPI(4’ 6-diamidino—2-phenylindole) & 5%7F A 2&le] 333 v 4 (Axioplane, Zeiss).
210008 skl 17 2 AlFedS. A4 AEFS 499 fieldol A F AXEF7F 30078 ©]
A Algste] Lol sldske field F7F AA field el Y stE F-E
glglote] AEFE AE3&(Porter and Feig 1980). HNF9] A&
Black)&9°]2 um membrabe filter (Millipore)E& 9|3 F 1A

(10-30 mL)S #H &l Primulin €243 1000 ®] 3ol Al A543 & (Caron 1983).

s

Absle] b
@& 9 (Sudan

Aeg QA%

g
BN
T

M o o

=2 =kl
g=_—EE0 B

s
iL

\ 1952080, . i ’ EL I /

218 3. 6. 10. Monitoring (Temperature, salinity, dissolved oxygen) by YSI 6600
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[TRTE
PBUHY S  (FJHOH, Y 28
Zopil =2 ; =

19 3. 6. 11. Sampling procedure in mesocosm

3.6.24. AFAZXRAE Cochlodinium polykrikoides®] % 's A@-violarw s
AAANA dojupi= AXAWE C polykrikoidess Aol dl7] 93le], &9} TDA9E 2
& o]&ste] molaRIE HAITS TGRS E AFAA AFEET AXAES FEFH
819 (34°45 " 44 "N, 128°23 7 42 " E)ell Al Al st APA= Hksidl e, AT A=
C. polykrikoides®) MEHL%(c.a. 6 x 10°cell mI H7F UF o} FEvle] 452 vk 3
Aot HxSHAAE FAsAS. FES %Oﬂ]tﬂﬁﬂg“%ﬂ]ﬂ AzxAolE fafjr] Xt
AL AP w 12 L9 =8¢ AolA(30 cm long” 20 cm wide = 20
cm depth)el 10L ¢ £ Y3 Exas Et}é 3o TD49A 2] (0.4, 0.8 uM), SEA ]
(4g ¥} 10g per 10L), T E S} TD49§ 2] 2] (0.4 uM+4g per 10L)olA xF23 o2
AefAlel v A= dFHEFE FAES S vol2RAFHA TS AP A9 room & =(7A Y
23°C)e] 1/20 v Aol A AE 30 psuola, Fz2 12:12(Light:Dark)Z=71l 4 40-60 pmol
photons m° s'Z §X3}e] 27U 538 0}03\3} FEZHAES AdoA A E A

S 200 ym=z YEMA HEF¥E7F 700 ind. L' 7 HEE 2SS AxAES ¥ 3
%%}E%EEJ TUHYS 27 39 Fok2 1247 7HH o= TZ‘EO} al, IL o] ¥ = 2¢
HAow 9U Fob FyIA L. *’F%, AE, pH, €F24A+= YSIprofessional Plus of
portable type)E A&t AT 72 A9 *ELZ:E%—S— PytoPAM 8]
(phytoplankton analyzer; PHYTO-ED, S/N: EDEF0139, Germany)& ©] &3¢ &4 4=
Z(active Chl. )& A3 FAlol WS ABEC polvkrikoides® AXAE=ZE 242 2+ &
At AEZSHAEYN AESTY MATHEHEE 5% FxgRo=z 1% & Pn| 43}
(Zeiss, Axiovert 135M, Germany)olx] SR 8] (Sedgwick-Rafter chamber)® #H74 %
ATt e. sEZZFAEY AFsve FESIZAE AT HYE ol&3td sFdAnA
(Olympus, SZX2-TR30, Japan)2.Z #H7Z4 % AFdAS. e 2438 28] (duplicate)
Ao m FP33 5.

Zy Aol uhg glole] AEFLS S 3 (Sudan Black)8990.2 yum membrabe filter

rlo %

4
e

&

A&

cIB

it
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(Millipore) & @43t & 1A A ANES 2 &3 A5t dAZH05-2 mL)S FHsl o
% DAPI(4’ 6-diamidino-2-phenylindole) 2 5#7F A 3le] & 38 v 4 (Axioplane, Zeiss)
S 2 10008 stellA A4 2 AFsda. A4 AEFS dol9 fieldoll A & AlZF7F 30078
ol AlFete] Lol sfHstE field F7F A field ol Bt FEs SAbsko
e ol AEHFS AHEI & (Porter and Feig 1980). HNFQ A E#Fe
(Sudan Black)%1¢l2 ym membrabe filter (Millipore)& |43 & 14" A &S
2 (10-30 mL)< 3 Primulin &% 1000 vl 3}l 4] A 4319 &(Caron 1983).

o & 01‘)1'

e iz

3.6.2.5. Toxicity test of TD49 and yellow clay on Striped beakerch fish,
Oplegnathus fasciatus

ool wigh AXEH(TD49, FE)d digt 524 Hrike F3A7]a 3718 d &%
(Striped beakerch fish; Oplegnathus fasciatus 4.8+0.5cm in length)S ©|&3l% 5. &%
< AAA el = ofF FRbEAeA FYs s of e ARl oA, 7F 251 A3 o))

(40 cm long” 25 cm wide ~ 28 cm depth)oll @& 32psug] &4 17L o] F 30wiz]A
W, 12:129] JadEeA] ool HES FHIHA 2Y9AE SHAAA (™ 3. 6. 12).
Ao Ae] TD49 s=& 0, 0.2, 04, 0.8, 20, 40, 10 yM=Z XA 3} 5
g L ¥ 10g Lo g4 A 224398 F33US. ZE 49

ph, 8L E ETSE o) 7o AAEE 1243 A o & 4843 A3+

3.6.26. dielg &4

7y AR E (1A WAaFRE H akashiwo, 22 W 25 =
polykrikoides ol tdh &9} TDA9=A 9] HXgie et 22 2o thg)ste] 3}
Atk algicidal effect (%)= (1—Tt/Ct)x 100, °}7]1A, 7t HAxEA] Fx)A T
(treatment) ¢ C (control) 2] AL HX MAF L FHAELE JEMIA L, =
Azl ZF A v AxEA g GFe] Aol SPSS ZREIYE o]

2}
43l Tukey's W2 One-way ANOVAZ 321319 &

X
)
2
=
Q
w
_&
=
s
T
fa
Ry
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19 3. 6. 12. Toxicity test of TD49 and yellow clay on Striped beakerch fish
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363. d723

3.6.3.1. H. akashiwo WA 50|49 37 2 21w 3}

AErEA] Ao AFEAEQA TDA9 FEo AHAQd A ¥ v ofye)
S Ao A WA 224 A 819 Wl S E 7H A o <
T U mEA wHAFESY F3H 8 WHEE 2, 93, pH, 544 (DO0, dissolved
oxygen)S 435, ol#d At 2ESFAE 9 FEIFIAE 79 Wl

Ry

O
Hor
2,
o

a9

roHr o

= .

e 27 B3CAA AAHOE Frhskel AP FEA BECR e g, E A
o] 49 Aol AA kE, UEE 3L 6 ~ 321 psuel MR Urhgod, ¢
o wjopAzke] Aash HEo} Wad o FSAS. B RE APTE JR Aol

»

5 .
pH$ DO+ X3 SE A3l v|sto] TDAOA A Hijdezs & Fo=
- o]
o
A

adte ATS #HEAS. WA dxwe pHE x7] 8044 HAaom F7kste] x4
2UA HiA 84F 7|23l T AAAom B3WFE V| EIHEA A F
B H7bre pHE 04g L' #7bie] 08g L'$EH/MTEY 23 %4 712591,
olo} e AFL dlxwy fAEow WAk Ao mE 2 FEAFT W
Fol= M akd S, W, TDAOH Pt et TDA9E &3 HAiwolA= B4 F9
o] 49 Feot A &Aooz pHVf FHAadhe AFS BRI, 2 o]FHYH TRz 3}
o5 HYo HAHor FUsHE A BAIIAL. 53] duldez 1 e pH
g Bl A TD49 1.0 oM o]3, HAF 76 7|53 A EE Ada9 z27]
DO 85 mg L' o3, dx73 IFE Ao AxHoz Zrtstg s, 2A2Y
7 el A 160 mg LS 71289 e. TD497F F49 A& ol e o
2 9o S wolvtked, 1.0 uM TD494l A HAZ 1.0 mg Lol #&5 S, =3 pH
o} DO2] ZAgkol 06:00¢] Ak Algo] ula] 18000 AT AlZelA =2 ghe Hel
AL AEEygare] FAd wE DO Frd wE Axz Aadg(ay 3. 6. 13).
TDA9EZ o] Aol A E w2l webr] pHet &E3kae] AaAFol FalshA #as
AL
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:a

Temperature (°C)

Salinity (psu)

31+ | —@— Control

| —@— 0.5uM TD49 —&— 0.4 kg Clay m

1 | —g— 1.0 uM TD49 —8 1.0 kg Clay m

| —A— 1.5 UM TD49 —#- 0.4 kg Clay m™ + 0.5 uM TD49

T T T T T T T T T T T

)
o =)

o
o~

o0
o

pH
N
o (<m0
T N T T

Ea,
o

DO (mg L)

S N A

[RERIARENE RRRRE NRTRL|

—
o
—
S)

3 4 5 6 7 8 9
Sampling date (days)

218 3. 6. 13. Changes in temperature (a), salinity (b), pH (c), dissolved oxygen (d) in
the control and treatments with TD49 and vyellow clay in mesocosm enclosures.
Arrow with dotted line on (d) is indicated the airation in 1.5 ygM TD49 treatment at
day 4 PM.
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3.6.32. WA FoA TD49 =Y H. akashiwo® 2Zx3&a 3
H AR A (d 2FZ) A gz, TDA9 37105, 1.0, 1.5 uM)H &, FE(04g, 0.8¢g
LH270 A, TD49%F SE(TD49 05 M + FE 04g L He EFAYT S whEo
H. akashiwo?) 2zx&3= ot} xS Axaas vehfx &2 wbd TD49
A9 05 uM T % o)Al A= H akashiwo S Al Aoz Ued 7hs-
S & TD49 A3 TD49 + FEEFA

[ox]

b

dH, TD49 +¢ % 1¢ Hd3 & N
akashiwo® MAFE 0%E 743903, TD49 05 uM oA = 29 Ay & 959% o4t

A% A4S Jepgde. ZA3Adoz TDA9X P EdAgtolA] HEsA M
akashiwo® AZEIHE Mol Ao Ueys. 3HH, SEAY TS 2T H [FASHA
H. akashiwo®] #x3a 3= s Holx i, 38 ExwEt 434 XA %

& 3= Ao YERS(1Y 3. 6. 14).

VVWVYVYWVVYVVYVIVYIVVYYNY V V V V¥V

2.0

- - a —@— Control

g ] —@— 0.5 UM TD49

] m —v— 1.0 uM TD49

o 1.5

= . B ® A 1.5uMTD49
s ] \ —m-- 0.4 kg Clay

e 4 \ —- 1.0 kg Clay
=, 1.0~ o X —e— 0.4 kg Clay
2 ] +0.5 uM TD49
=] i

_‘é 0.5
= 7

o .

<

(=)
1
—
o 4
—_

§ 9
Sampling date (days)

| |
U

[C10.5uM TD49 —  [—10.4 kg clay
C01.0uMTD49 1.0 kg clay
BN 5 M TD49_ EEENO.4 kg clay + 0.5 uM TD49

Reduction ratio (%)
P S B A =)
(e (e (e} o (e (e

1 | | | | | L1l | L1l | L1l

12 24

Exposure period (hours)

18 3. 6. 14. Changes in abundance (a) and reduction ratio (b) of Heterosigma
akashiwo in the control and treatments with TD49 and yellow clay. The filled and

open triangles are the 06:00 h and the 18:00 sampling times, respectively.
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3.6.3.3. H. akashiwo W A3 ZNA AESFaE

Hamzs AESHaEe] AEHFS ol 98] =43 in vivo fluorescence(FSU),

Chla, €49 = 2(active Chla)FAMSE A&E HAS(ZF 3. 6. 15). 43 5d7HA4 & U

X7 TDA9= A el gk Aol vs] 43 &= =

Az A FARSE AS HAS. TD49 Aol = A
%!

1
3

o
m (
ox
=
)

= Ankgom w2 =
E RAEFS Boy, 59 o|F A& FUetE A4S Boov), Ak Aatel kol
Aoz FAAsE. FEALTAAA  dxwd st 2-39744 in vivo
fluorescence(FSU), Chla, &4 %= A(active Chla) Fto]l EASA F71std o), 2 o]

AH oz ashes AEFe Ve B A A 19:004 e A Al
o AERY diider w2 e AL, o]#d Fr)4el 4 r
DO A3tete dA A= . 6. 13). FH o= =
1.5 pM)ell A &= oF 4= 5

o] F7P7t obHaL, e AEEEAE 28 A 9% Aow wdd.

VVVVVVYV h 4 \V4 \V4 AV4 \V4

in vivo fluorescence (reletive unit)

40

30

20

Chlorophyll a (ug L)

10

120

0.5 UM TD49

.- 1.0 pM TD49 —m - 0.4 kg Clay
-1.5 pM TD49 —0O— 1.0 kg Clay
-0.4 kg Clay + 0.5 pM TD49

100

80

60

40

Active Chl. a (g L)

[N FEETE FEETE ATl SNl SR E A

<

3 4 5 6 7 8 9
Sampling date (days)

1
—_
[@Fe) <
—

¥ 3. 6. 15. Changes in in vivo fluorescence (a), active Chla and total Chla

concentration in the control, blank and TD49 treatment mesocosimm.

3.6.3.4. H. akashiwo V| A3 Z0A AEZFaEe] +AXA
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x-S X338 TD49 A, FEAE T, A AESHAE] #2482
271 fEHoE AR S TDA9 =& AHH(1.0 ¢ 1.5 pM)elA = 2577 90%
ol Aot At Ao} tlEe] SHEXRIE 10-20%E A&l g, FE
Aol A= FERFT7E 90%0]d +AE B FE AHYSE GHEXRFY &0
AlZRel Aakel HEol(6Y7HA) EokAE AS & 5 dSlal, 53 A 6ol otHE
Zwe Afeol HEFIY $9E ASAS(1E 3. 6. 16). ol FEVF SFHEEF
Aol FRA e WA 5 v A A4
5
100 a.iontrol- M W e
80 5j 6 N
60 ? Q r3 [ ] Diatom
Lé N by I Dinoflagellates
40 ? o1 R I Cryptomonad
209 |4 o o 1 I Others
O —lo—0
0 T T T 0
b 05uMTD49 € 0.4kgclay 5
80
60 }
A QQ? 2
;\;407 oo orel al ] 9 god g R 1
g 201 ® = oC ol o OO _
£ o HHLDEHRRIRE 1T 1T 1T e Y
‘EIOO*C—LO-EI\./[;D“9 II B EEE flll'o.kﬁcgﬁllll I m 33
) r Fr4 o
£ 80 1 =
3 4
2 601 F O’i -
7] , s
407 A 8
o——a & g &1 1 8
207 OHoH r E £
@ OOOOO als o OOQO S
0 , ! ; ; ! ' B | A O=—0——0—0LL 0
d 1.5 uM TD49 = — 0.4 kg clay + 0.5 TD49 : +
. addition of zooplankton 5 5
O TER 11111 1 iR himiaaai il
Fa
80
601 P2
2
40
o A o 9O
201 al (Y oA e o O%Oil
0 Al onetoroiotionondt. 11 11 11 | AL T L L LT o
-1 0 1 2 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9
Sampling date (days) Sampling date (days)

¥ 3. 6. 16. Changes in phytoplankton populations as a result of the algicidal
activity of TD49 and vellow clay on H. akashiwo in the control (a), treatments with
the TD49 (b-d), the vellow clay (e-f), and the mixture with TD49 and yellow clay
(g). Open circle is indicated the total abundance, and arrow with dotted line on (d) is
indicated the airation for 24 houres with additional zooplankton in 1.5 gM TD49
treatment at day 4 PM.

3.6.35. H. akashiwo W AAZNA QAANEY AR EFo 7+AX%XA
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s SEAHTAAME AxEAde HIEXRVIFH LSYHA Adxidds I
akashiwo 7} =33 HAE&S TS, WA, 2 5 TD49(0.5 uM) A 2o A
= AZAAES A7Fe] Aol gEol YEFFAeR A% WbH Prorocentrum

spp.ol FFHs}E FFE HAY HL& FE TD49(1.0, 15 uM) AHZToAlE
S

Prorocentrum spp.2t H&=° Ceratium spp. ¢ Bf&°] FAdHAS(2d 3. 6. 17). 3}
A, AA AAS WE 2tk A el $AF) BRW Age BV 5 ggle
t, Prorocentrum %2 TDA9= Aol 248 sdo| Athe= AL Sl +.
2.0
100] @ Contele
301 I A akashiwo
[ Prorocentrum spp.
607 I Ceratium spp
40 I Protoperidinium spp.
201 [ 1 Others
0 ot
0.5 uM TD49
100 K i l I mE B = = = q
80 [ 1
607 ]
401 1
S i
= 20] o
=
S O O—O—QO —_
2 o4 ol & ] 0§ o T
E 1.0 uM TD49 20 2
1007 meEEEEEE B W B omio 3
Q vy
[ (==}
= 80] . L5 %
= e
3 o _ :
F 1.0 3
=1
401 1 2
<
20 ] 0% g
e
04 aooodldoo o003 I ] Lo
|- - - > airation (24h) 2.0
100 1.5 uM TD4 \l/ addition of zooplankton 0.4 kg clay + 0.5 uM TD49_ _ ’
] AR (L ON QLE0OPENKIOn_ | ] T LA
801 r rLs
601 o F1.0
401 1
r r0.5
20+ ] o—0a
Ha- o
O R O-0-0-0-0— 0= ==0—+ + T T v " ¥ T T T T 0
- 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9
Samphng date (days) Sampling date (days)

¥ 3. 6. 17. Changes in dinoflagellate communities as a result of the algicidal
activity of TD49 and vellow clay on H. akashiwo in the control (a), treatments with
the TD49 (b-d), the vellow clay (e-f), and the mixture with TD49 and yellow clay
(g). Open circle is indicated the total abundance, and arrow with dotted line on (d) is
indicated the airation for 24 hours with additional zooplankton in 1.5 uM TD49
treatment at day 4 PM.

_93_



3.6.3.6. H. akashiwo WA AGFoANA HZ279 +7/FA

TE Ao A x7)o Skeletonema spp.”F 80%°]1% ¢3S, TD49 Aol A=
Skeletonema spp.”} 27] B4 R3S stg oy, 8oz 7Aaste] 45947 Fo=
Aol #FHA ks, WA Thalassisira spp. @k Chaetoceros spp. %< +3H&S B
&, FEA TN E Skeletonema spp.7t A&A o2 AZAHAI 04g LY AF T
AT B0%ol o w HEE (2 3. 6. 18). IES} TD49e] T3tx ol = TD499
05 uM¢ FrE7e TR FAS Hoz mFo] Mol FE| % JIFHU=
TD49el ¢Jgh daFe] 2 AL R ARHUS

1004

mmm Skeletonema spp.
80
mmm Chaetoceros spp.
60 Pseudo-nitzchia spp
mmm Thalassisira spp.

401 mmm Cylindrotheca spp.

204 mmm Others
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1001 b 05uMTD: €  0.4kgclay
1T ]
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5
D. It 10k cla

_.
o] ol
=] L

L Te)
[ 1]

-

>

=z

C

Y

1
1
0
1

Relative contribution (%)

& [N
[=) [=)
T 1

[\
==
1

—o0— Total abundance (x107 cells L1

| - -->4 airation (24h)

100 d 1.5 uM TD49 \/ addition of zooplankton 0.4 kg clay + 0.5 uM TD49
1 1| 1EE I

|I| - aEni III 9
F F3
F 2
1
] L1 L O

-1 0 1 2 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9

Sampling date (days) Sampling date (days)

19 3. 6. 18. Changes in diatom communities as a result of the algicidal activity of
TD49 on and vellow clay H. akashiwo in the control (a), treatments with the TD49
(b—-d), the yellow clay (e-f), and the mixture with TD49 and yellow clay (g). Open
circle is indicated the total abundance, and arrow with dotted line on (d) is indicated
the airation for 24 hours with additional zooplankton in 1.5 yM TD49 treatment at
day 4 PM.
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3.6.3.7. H. akashiwo M AFFoA TEZHFAES W3 FA
FAGA Y] sEEEAE e TDA9Y s A A3, dixaoAds 27] 7hA
FE FABAA 274-E WEES S TD499 05 uMolA = txEd FALee] &
AL AA GFE AR e Aoz By o) 1.0 pMIF} 1.5 uM SESHAE9)
EMAG7E AdbE o7 7AEALS. L F Noctiluca scintilllansy= ZLUFA 4 3FS Hbx]
= Aoz yehuke(1g 3. 6. 19). FESL TD499 E35tx oA = Copepoda’t
60-70% = +F38td &, ¥ FE HeLdA s sESHAEY T AT 2s e
F+3<&0°] Copepoda® eI, FEC] o3 49

(e} [e}
AbRE AL, Y sEEYAES A A dds

]

Nauplius
Copepoda
Noctiluca
Urochordata
Others

i

. 0.4 kg clay

1 C. 1.0 uM TD49

Relative contribution (%)
f=3
o=

—o— Total abundance (cells L)

k.- airation (24h)
Id. 1.5uM TD49 addition of zooplankton [ q

-1 0 1 2 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9
Sampling date (days) Sampling date (days)

19 3. 6. 19. Changes in zooplankton composition as a result of the algicidal activity
of TD49 and yellow clay on H. akashiwo in the control (a), treatments with the TD49
(b—-d), the yellow clay (e-f), and the mixture with TD49 and yellow clay (g). Open
circle is indicated the total abundance, and arrow with dotted line on (d) is indicated
the airation for 24 hours with additional zooplankton in 1.5 yM TD49 treatment at
day 4 PM.
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3.6.38. BaA vre golet 1 TAA FEGIFHARFO W3
FxEAE A¥e iz Ee] AEEE EaEHE HAA dwEH o =2 AR
2 3T AL ARSI, B AP x drggolet 19 EAR FL£gAHRF

G O
(Heterotropic Nanoflagellate; HINF)2] W3} d-& A =(228 3. 6. 20). Uz
= 2704 we sxe] whelgel AAG(<1.0 X 10° cell mL H7F @A ow =
ZAM-594 H E% 97 X 10° cell mL'E JEY & AxpH oz HgAhsE ATS @
A3 5. W, TD49 Hewol s H7hs 194 Axul gl Ee] AbdsE WA 735
Hom wrg ol AMAFI} TUMe & PFadtE AFS =
Uiz AL A A3 Sohete]l ZAMEEY A 3
B9l TDA9 &3t gl A= TDA9A &< 3 v&ﬁwﬂ z27]°l

AL R w2 WEE FA3AE. HNFe /AGE TD49S] s=7t Fuldes w2
1.0 uM, 1.5 uMoll A vtele]ote] JHAF7F 7] ek *ﬁog 713 1Y 3o HNFE 71A
7o HIAE VEE AS ¢ 4 A, ol HNF/F W lobs 228t e 7]}

FHOE TR AL W d  da, dFeR 2L Fe TD49 HETolA uhH|
glop7t 22 o] 2AF 28 o= = o
HNFe] 7jAe] el FgFe a8 = glla, HPFsAHA Zhdom v 7y

A58 F459 5.

rU

12 VVVVVVVYVVYVVYYV v W \ v
~ Ja‘
= 104 3 &
= 1 \
= 8
Q 4
& 1
S 6
A
= 4
£ 7
£ 27
s "
m ]
0.
TTE 30; b —@— Control
% 25 ! 3% —@-05.MTD49 —m-0.4kg Clay m?
= 7 T —v—1.0uMTD49 —8- 1.0 kg Clay m>
8 o2 /) A 15uMTD49 —#-0.4kgClaym®
& ] v. \ +0.5 UM TD49
\>_</ iy e 9
w2
[}
s
5
on
[s]
=
o
o
[s]
Z

Sampling date (days)

218 3. 6. 20. Changes in abundance of bacteria (a) and nano—flagellates in the control
and treatments with TD49 and vellow clay. The filled and open triangles are the
06:00 h and the 18:00 sampling times, respectively.
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3.6.4. Chattonella marina " 42354 TD49¢} 3w o] Az &y}

3.6.4.1. Chattonella marina A3 5ol A 2 374 Q2w 3}

C marina A5 2, 9, pH, £522(DO, dissolved oxygen)s 3t 22 374

L2918 H akashiwod "WAAE Aol A veRd WHE T FARSEA UERSE -
o

e
Oy

W
ox o
Mo
do

5 Fee d3e] 7d Fewe ApeRAl 255-28C= ®gtsalal, 98 316 ~
320 psuf] WOIE UBRE. dES wgFAze] Aot ol HAAo R FUhEkele
v BE A9l diwie Aol AA Wftw. pHe DO TDAOA G oA oz
I FE Q@I vjste] diiden & Fom Fadhe AT BEME EE 4
79 %7] DOE 80 mg L' i, dxawy FE Hewdrs Iz or 7189
3, 2AHYA dETel A #HiX 115 mg L& 715895, TDA97E F4€ Aol A
FA e wre e HQUbed, 08 uM TD49el A HA %k 50 mg Lol @S5S
L3 TDA9e] A2z 7 TDw =] webr & 5 $o2 DO s&=7F v
W= AS osals. pHel sk Wkl delM= diEe pHis 27] 81904 A
AH o S7ksk 2AHMLA HiA] 835 VIEEAIL 1§ HAAH R B3AFE U=
WA FAaS ALY 3. 6. 21). FE HrIEe) pHE 04g Lo d7bEe] 08g L&
ERMEY 25 ¥ 712H 9L TDOE /I pHE DOFE Wakel o] TDA9S
TP meaE Wl dEHASNE. TD9S FE AT ZAZLA A=
27 w2l 81dF 9] #& FASAO 1 o] F5H HAAer Sk F dHE 4
233l
30 357BVVVVVVVVVVV vV V V ¥V

Temperature (°C)
8 8
Salinity (psu)
A

o C . —@—Control
1Y - @-0.2 UM TD49
o121 ! ~¥--0.4 uM TD49
g1 | 2 —£--0.8 UM TD49
p 1 | / — & 0.4 kg clay
8 101 | =
o 107 as
2 1| =
o 4
= 87
(] 4
A
I
& %71 | |
A1 ol
-10 1 2 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9
Sampling date (days) Sampling date (days)

218 3. 6. 21. Changes in temperature (a), salinity (b), dissolved oxygen (c), pH (d) in
the control and treatments with TD49 and yellow clay in mesocosm enclosures. The
dotted lines are indicated the first samples after treatment, and the filled and open

triangles are the 06:00 h and the 18:00 sampling times, respectively.
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3.6.4.2. Chattonella marina 43504 AEZZFAE
C. marina WAaIFY AEZZAEY AEIFS Loty s A
fluorescence(FSU), Chla, &4 9 &2 (active Chla)FAFeE AeS HAS(2¥ 3. 6. 22).
A7 197 s dHE77F TD9Z AHedh Aol vls] 3338 52 & HiloU,
o) F HAAom Padhs S HAS. TDA9 HEwolAE dutdom v A5
EHAE B=TFE BAoH 3-4Y o] F AF FUtstE A¥FE BASH, Az Aok
tEo] FAAAom AasAs. SFEAZ oA R vs=shA 2-3Y
fluorescence(FSU), Chla, &2 9 = A (active Chla) ko] €A A =713t o, L o]&

=
QAo Fase 498 ng

o -

—_
o E (o)} o] o
L b b b

S
L

in vivo fluorescence (reletive unit)

[\
(=]
L

Chl. a (ug L
S .7 ..

W
|

|
|
304 T
1C —&—Control
~o5] ! ~@-0.2 UM TD49
RS B y ¥ —¥-0.4uM TD49
- 1 R @ —A-08UMTDIY
2020 | n o/ %/ \ —#-0.4 kg clay
= ] oY\ —®-1.0kgclay
S 5] JNS T A\ -0-04uM T4
= ( i \ + 0.4 kg clay
S o I
S ] BN
< 54 CNN
0+—>rFF "7
1 0 1 2 3 4 5 6 7 8 9
Sampling date (days)

18 3. 6. 22. Changes in in vivo fluorescence (a), chlorophyll a (b), and active Chl. a
(c)in the control and treatments with TD49 and vellow clay in mesocosm enclosures.
The dotted lines are indicated the first samples after treatment, and the filled and

open triangles are the 06:00 h and the 18:00 sampling times, respectively.
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3.64.3. WAs5FoA TD49 =¥ Chattonella marina® 2% 2.3}

v A sl A iz, TD49 371(0.2, 0.4, 0.8 uM)A 8, 3E(0.4g, 0.8g L H27 AL,
TD499} EE(TD49 04 uM + ZFE 04g L He E3A TN C marina® 35345
o}k ¢l Tk EHZ%%M—E C nmarinadZ 8345 Yehl A &%koy, TD49 Aol A=
2477t A3 F- 0.2 pMel A 60%, 0.4 uMolde] wZolAE C marina® 80% Ao sk
Aoz UetgtHE 3. 6. 23). 53] TD49 + FEEZIA oA 2e& ¥=¢ TDA9
04 uM)BT}F A2 g &o] oA AL 4 & oS 34, FEAHZTS 2T &
AVeE G omaring® AAHES B, 24AZF T AxEeS 243 WY, R (04g
Lol A 40%A5 7 71259 aL, SE 0.8g L'olA 50%d5 e Axa 8-S vl TD499}
Azxads vus] B vA] 24 gue 1S & F

i 14 v ? VVVVVYVVVYVVY V V V V TDil?)(()uM);lz 0.2, =30.4,mm0.8, Clay (kg);== 0.4, mm 1.0, TD49+clay; mm
% 12 ia : —e— Control b
8123 ®-02UMTD49 | =g - M
o 1 =¥~ 04uUMTD49 | _ g
=103 i ® _A-08uMTD49 | 3 1 -
z } ® ¢ —® Odkgclay Se0l [ i
g 87 | . - —-m- 1.0 kg clay &
s 1 L -0-04uMTD49 | £
S 6 \ : + 0.4 kg clay 2 40
B |
g | 2
2 4 I IS5t
g 2] & 201
S
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218 3. 6. 23. Changes in abundance (a) and reduction ratio (b) of Chatonella marina
in the control and treatments with TD49 and yellow clay. The filled and open
triangles are the 06:00 h and the 18:00 sampling times, respectively.

3.6.4.4. Chattonella marina A3 5oNA AEZFAE] FH XA
s ¥£83 TDAY A, FEAYTE, o AESFaEe 74
7l &= xR gEF R A3 oY, Az A o]
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© p= 1
oz FUrete] SHREF} Hed HAaEs His 5 TDAOA LM = 2HREER
o] e FA7E gEE e As dEHAE FEAYTAAE FEAY v
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¥ 3. 6. 24. Changes in phytoplankton composition as a result of the algicidal
activity of TD49 and yellow clay on C. marina in the control (a), treatments with the
TD49 (b-d), the yellow clay (e-f), and the mixture with TD49 and yellow clay (g).
Open circle and open triangle are indicated the abundance of total phytoplankton and

C. marina, respectively.
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3.6.4.5 Chattonella marina | %3559l
AL Ay & AdA E

=& d
AeE FABHEA 5L7HA %7}5} . TD49?%EHI 0.2 uM, 04 nMe} =

AYT04g L' ¥ 08g LHE oz wsdys fAsgon, sEZwdasd o
UhAl FEFE vAA ks, sHAIRE TD49A 2+ 0.8 uMelA = HEgF FE2d2EY
AA WA A8 s 12"}, 5YF HAAHow 3|5t 2] FEEEAES 7
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q 16
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19 3. 6. 25. Changes in zooplankton composition as a result of the algicidal activity
of TD49 and vellow clay on C. marina in the control (a), treatments with the TD49
(b—-d), the yellow clay (e-f), and the mixture with TD49 and yellow clay (g). Open

circle 1s indicated the abundance of total zooplankton.
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3.6.4.6. Chattonella marina W23 5AA EalA wre 2 ole} 1 XA FE5 QYT
259 W

ol A Z7lo] we wwe) uhgelol AF(<2.0 X 10° cell mL )7} HApA o
Z7tete] 2AR2-3U4 3 9E 85 X 10° cell mL'2 et F dAHom gasis

&

AS ARAA(2E 3. 6. 26). ¥rd, TD49 (0.8 uM)A G T e H7F 5 194 4
ZUGAE] APEHWEA Ve A o2 v o] AMAFTE b F gAsE AT
S BFeR, 59 F AR Frhste] AAFEA 14X 10° cell mL'E HuAE 7] =238}
A, TD49 (04 uM)AH Tl e Hapd oz whe ol MAF7E F7hete] 744 =
34 14X 10° cell mL'E 712319 S. FES TD49 SFA ol e 39744 Hx4 o
2 7 & FEAYTAAE JAAHoR gFasielo)y, FE TDA9S] &3 ol
A TD49(0.4 uM) ] ¥ %3 FA13F sjel o2 =718, HNFY 7MAFE =& 243
oA wheElolrl e WmR ZUheh & 101 A B ARE MAS AEE HS
Z Ho|AEQ wH o/t e dER dEd & 1%% o] &3l HNFE 7HAS
b Z718 AL oug o]} e AL TD499] Al (>04 uM)¥} tlEo] TD499}
FEo E}A TN F &
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T
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143 1 ,Y\ @ 0.2 UM TD49
12 | /) -—¥-- 0.4 uM TD49
E ﬁ/ | -4 0.8 uM TD49
103 ' /y . —® Odkgclay
1 : X \\ --m- 1.0 kg clay
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: A\ /V\ \ \\ + 0.4 kg clay
|
|

Nano flagellates (x10° cells mL")
(o))

100 1 2 3 4 5 6 7 8 9
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218 3. 6. 26. Changes in abundance of bacteria (a) and nano—flagellates in the control
and treatments with TD49 and vellow clay. The filled and open triangles are the
06:00 h and the 18:00 sampling times, respectively.
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3.6.5. Cochlodidnium polykrikoies VIOl 23 FoAA TD49 ¥ 3o sk A xga
5}

3.6.5.1. Cochlodidnium polykrikoies vlo]|ZAZ 515042 37 @ QW 3}
C. polykrikoies W& F8 182-248TCE WEa Yy, A8E 2719 A¥et o
|
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=
o] . pHeY DOE TDA9A oA iz & Ao nlslo] A
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HHoz 2 Foz gaste 4FL BARo, MaPLe FEG dre fA18
Atk &3 TD49e AHglTolA= 7} TDw X weld =& % £0=2 DO %7}
SA AR = As gobstdla(LdE 3. 6. 27).
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0 0
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38+
=
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36 L6
2 s
£ 2
= 341
9}
H4
321

0 1 &8 9 0 1

2 3 4 5 6 7
Sampling date (days)

218 3. 6. 27. Changes in temperature (a), salinity (b), dissolved oxygen (c), pH (d) in

2 3 4 5 6 7
Sampling date (days)

the control and treatments with TD49 and yellow clay in mesocosm enclosures.
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3.652. vlolmaw dF oA TDA9 5 =¥ C polykrikoies® 2rx3%3

C. polykrikoies® vholaRZ 5o A thx+, TD49 270( 0.4, 0.8 uM)A 2]+, 3% (0.4g,
08¢ L 271 A&, TD499 FE(TD49 04 oM + & 04g L He g gelA 4
Z AR AxansE dodtele. R AME C polykrikoies &35 e A
ko, TD49 Aetol A= 48X3F A3 5 04 uMelA 20%¢ Hxa = =3 B

VeI, 0.8 uMe] s A= C polvkrikoies®) 80% Aoldhs Aoz UEES. 53]
TD49 + FEEFAH T4 22 52 TDA9 (0.4 UMK AxF &o] =ds. 4,
FEAYTS #E RV 58 AEao] ot 2 AXIAE YEtugled, FE 2
A el A 48A7 A F Axa I 20%AFER 38 A UEY, FE] 93 2t
ZaIE avA Zivsky] o gvkal debE(Cid 3. 6. 28).

S AvA AvA AvA Av Y \Y \Y 5 100
oy d F 80
4 F60 &
g <
2 £40 .S
% -@- Control =
O 31 -¥- 0.4 UM TD49 F20 =
2 @ 0.8 UM TD49 Lo .8
) ~>-4 g Clay B
9 —A— 10 g Clay _20%
g -@- 4 g Clay + 0.4 uM TD49 o
S =1 0.4 uM TD49 40
= 1] . 0.8 UM TD49 -60
e 1 4gClay
< = [0 g Clay -80

B 4 g Clay + 0.4 uM TD49
0 . T T -100
0 1 2 3 4 5 6 7 8 9 24 _ 48
Sampling date (days) Exposure period (hours)

218 3. 6. 28. Changes in abundance (a) and reduction ratio (b) of C. polykrikoies in
the control and treatments with TD49 and yellow clay. The filled and open triangles
are the 06:00 h and the 18:00 sampling times, respectively.

3.6.5.3. C. polykrikoiesvlol AR A FoA A ESFAFEY 73 xA
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MAG7F AAE o2 Ads AeS B oy A 39 7MA C polykrikoies”7F 3=
AFEC0%)s BAL, L oF FAAAom Hasiov, XA FEHox HA
50260148 A3, TD49 Mol s e H=(04 uM)olA T FARSE o
e HAoy =L FR(08 uM)olA = C polykrikoies?] AA MAFE 543 HAa
39 oL, 3Y ol G polykrikoies®] A3 . =, TD49(0.8 uM)HAE oAM= C
polykrikoiese Aol & 4 Avh= AS Yu| g v = AT A= C polykrikoies
o] Fm7F ALHo R FAHARL, AL FEAMA HFHoR AAste] dxTE
g4g Moy Hold ¢FE I E. &, FEA xI3E vFHY FHo C
=

=0 N = [e}
polykrikoies®] 5219 XA AL¢E 3k Aoz Add, SES} TDA9S T 2ol A

L o 2 v
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¥ 3. 6. 29. Changes in phytoplankton composition as a result of the algicidal
activity of TD49 and yellow clay on C. polvkrikoides in the control (a), 0.4 uM
TD49, (b) 0.8 uM TD49 (c), 4 g yellow clay (d), 10 g yellow clay (e) and 0.4 yM
TD49 + 4 g yellow clay (f) microcosms. Open circle and open triangle indicates the

abundance of total phytoplankton and C. polykrikoies, respectively.
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3.6.54. C. polykrikoiesvlol| A= A5
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218 3. 6. 30. Changes in zooplankton composition as a result of the algicidal activity
of TD49 and yellow clay on C. polykrikoides in the control (a), 0.4 uM TD49, (b) 0.8

UM TD49 (c), 4 g vyellow clay (d), 10 g yellow clay (e) and 04 yM TD49 + 4 g

yvellow clay (f) microcosms. Open circle indicates the abundance of total zooplankton.
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3.6.5.5. C. polykrikoiesvtol A2 5150 A vre|glol 9} FEHQFHARE T W3}

Hhe ol e AdgelM F AAskalal, el WEkeRY e Akl e 27 A2
2=d AF 5 129 A3 F VstEeder S48k HaAdd mgdglal, 1 5 A
Aoz AasEA HHE o] FE HES ML I THAYHERE dxa B
ol e A¥EdolM 3-59 A F Vstwrdoer S48, o= HHHE ok X
Aoz Q% Time lags it AAe Aoz dAdy. obs# C polykrikoiesv}ol A= =1
FHAFNA FEHAGARTES obye}  Apo]=Tt FAL 4 2]

o2 AMElxom AAste] XA 295EH FHow Z71319S(2¥ 3. 6. 31). o9 o
o] Uronema spE Y2310 23l Euplotes sp. bYHE ZAFERU7R] A %4 0
2 718 AL T39S (2¥ 3. 6. 32). ZE AT A v ol FUlE A4
5 C polykrikoieso] EAZF APdEE 34 AAE ©@429E& Z o] &ste F231H L,

=35 TDAOA 2ol Al o]9h 2 o] Y APEuY} TS

¥ 3. 6. 31. Cell morphology of Uronema sp. (left) and Euplotessp.(right) in the

microcosm experiment. All scale bars are H50um.
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¥ 3. 6. 32. Changes in abundance heterotrophic bacteria (filled star), heteroprohic
nano—flagellates (filled circle) and ciliates (filled triangle; Euplotes sp., filled square;
Uronema sp.) as a result of the algicidal activity of yellow clay and TD49 on
Cochlodinium polykrikoides in the control(a), 0.4uM TDA49, (b) 0.8 uM TD49 (¢), 4 g
vellow clay (d), 10 g vyellow clay (e) and 04 uM TD49 + 4 g vyellow clay (f)
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19 3. 6. 33. Changes in zooplankton abundance as a result of the algicidal activity
of yellow clay and TD49 on Cochlodinium polyvkrikoides in the control(a),0.4uM TDA49,
(b) 0.8 uM TD49 (c), 4 g yellow clay (d), 10 g vellow clay (e) and 0.4 yuM TD49 + 4
g vellow clay (f) microcosms
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19 3. 6. 35. Managing process after mesocosm experiments
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Case -1

Harmful algal bloom
19 3. 6. 36. Field application strategy of TD49 algicide
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1Y 6-1. Comet assay
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5

OPP¢] HE7}59] mesocosm 2 & Hk

=4

)

% mesocosm 975 R}
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ol ArgH= vaage] Ay, s A8, TFA, A9, dHelve A%
7, HolE el A2, SAEHe] FHEeS AR 5 HFHo=m Hdde Ao g

AES Wil Qv (Graney et al, 1994).
‘ Protocol Review ‘-D‘ Conduct of Study ‘-4 Final Mecosom Study Review ‘

-Test System
-Pesticide Application
-Residue Analyses
-Biological Organisms
-Quality Assurance
-Data Formatting
—Statistical Analyses

Conclusions

S 6-2. vl EPAS) WAuES 453 AdA Ad4 WAE AT 34

= A8 AuA g Frte] @A
HlAasss H7hhY e HrHs gl wet gtedor Bk A7t AFrEY 7
R A7) wE BeA s AEAS Fustas 7 A4 =
arokstar it} (Petersen et al., 2003).

19 6-3. "] Multiscale Experimental Ecosystem Reserach Center (MEERC) 2]
Minze 443 QA A4 9o s

- AAERAE A F= e A 2] )
v T utlE wAsEe] A7)E hE3kste] Marine Biosphere® o] &8 ko
S AAEL o AT, WE TS FAe F= tEAFP o WHA7|aL St

(Petersen et al., 2009)
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