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Selective Algicidal Effects of a Newly Developed GreenTD against
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Abstract - Harmful algal blooms (HABs) are a serious problem for public health and fisheries
industries, thus there exists a need to investigate the possible ways for effective control of HABs. In
the present study, we investigated the algicidal effects of a newly developed GreenTD against the
HABs (Chattonella marina, Heterosigma akashiwo, Cochlodinium polykriokides, and Heterocapsa
circularisquama) and non-HABs (Chaetoceros simplex, Skeletonema sp. and Tetraselmis sp.), which
is focused on the different population density and concentration gradients of algicidal substances.
The time series viability of target alga was assessed based on the activity of Chl. a photosynthetic
efficiency in terms of Fy/Fu, and in vivo fluorescence (FSU). Effective control of Raphidophyta,
C. marina and H. akashiwo was achieved at a GreenTD concentration of 0.5 ng L' and 0.2 ng L7,
respectively, and regrowth of both the species was not observed even after 14 days. The inhibitory
ratio of the dinoflagellate, C. polykriokides was more than 80% at 0.2 ug L' of GreenTD. H.
circularisquama was constantly affected in the presence of 0.2 nug L' of GreenTD in the high-
and low-population density experimental groups. On the other hand, diatoms, C. simplex, and
Skeletonema sp. were not significantly affected even in the presence of 0.2 ng L' of GreenTD
and exhibited re-growth activity with the passage of incubation time. In particular, green alga
Tetraselmis sp. remained unaffected even in the presence of the highest concentration of GreenTD
(1.0 png L™, implying that non-HABs were not greatly influenced by the algicidal substances. As
a result, the algicidal activity of GreenTD on the harmful and nonharmful algae was as follows:
raphidophyte > dinoflagellates > diatoms > green alga. Consequently, our results indicate that
inoculation of GreenTD substances into natural blooms at a threshold concentration (0.2 ng L_l)
can maximize the algicidal activity against HABs species. If we consider the dilution and diffusion
rate in the field application, it is hypothesized that GreenTD will demonstrate economic efficiency,
thus leading to effective control against the target HABs in the closed bay.

Keywords : algicidal effect, activity Chl. a, F\/Fn, harmful algae, non-harmful algae

* Corresponding author: Seung Ho Baek, Tel. 055-639-8513,
Fax. 055-639-8509, E-mail. backsh@kiost.ac kr

(©2018. Korean Society of Environmental Biology.



360 Minji Lee, Juyong Shin, Jin Ho Kim, Young Kyun Lim, Hoon Cho and Seung Ho Baek

A =

A ge ot nARR
A, ol sfH Y AT A7l
Fo} (Constanza 1992). 3FA|RE, &2 9] A3} 4

Hog ER Fo| FAste] AxE doA A A
7l JFL vk Sl AL 19709
H4d etsi ol HdH ez Azt dAPstge
A4} gersl BAep) Aol

)
=2 oX e
-[rL

=

)
oo
[an)
(s
=
29
ol
[l

EI‘.

i
oZ

FEAT AT FYU3t Bl 2HHA FFE WA
53] 19909 o] Fofl= A=A 7l

£ 91 8 O 1o g 3 © Hr g o} o

o} qx:F ] FQ dHEZRZ Cochlodinium polykrikoides
£ 19959 -2juket dafiot Aol AA thgsted, 764
ojglo] 24s)E ZaAssch. 1 ol i 10~1009]

9 —’F—"J%“VE%«] & Y38 Ut (Lee et al. 2013;
Park et al. 2013). S0 EAI= 20093 5€ 201287H4] A=
7b EAYSEA] ot A E S T BEEA Fent
20139 =R A2} G BTt ofvzt S H7tA] FH 4
SHA i Aste] wigt AAA £AE AR (Baek er al.
2015a). o]gt o|F 2, SEUtel A= C. polykrikoides &
o Mz WAN 1 AR FANDA e A7) A
o] gttt (Jeong et al. 2000; Baek et al. 2012, 2013, 2014a,
2014b; Ebenezer et al. 2014).

FA FYoAE HARAYE C. polykrikoides TA S <3
A o] L35t Q= U3 HHHo 2L IEE A uFlo
48U 828 49 % B34 Tk ook AT
N2
FABEL 0~90%E A Ao]E Ho|il th(Baek ef al.
2014b, 2017). E3] 2| ujFH C. polykrikoides2] Bl %FF=o]
Ae FEY Azxaart dASHA UegAT, @A T
A3t C. polykrikoides DAY LS. 2 F7Fet A3t Az a17} v
u]5} gtk (Baek er al. 2014a). A AEE HARG Hl43E
(Mesocosm)A oA @A AZAE C. polykrikoidesS T
dog PES AISYS o, IHAEY dxanEg o
38 FAESAA dTE 3= ALE wotE itk (Baek er
al.2014a). o8], FE«= i HE & A2 I =Y, A
MAYE Aol FAH dFE 1A = Itk (Shumway
et al. 2003; Sengco and Anderson 2004). £3], 7A| &£&9]
AE, FESE 9 Axo] T HE-51} IRste] A9

_l\l
A
o 12
_&
_a
r{m
—{J
ox
ox
Eha
o
Y
o
fru
-0,
E=)
2

A FEAG] TSk £l Q14lo] Fuld W ohje),
FAANE Aol 4= ﬁﬁv@g Azme] Yt o4l
FE53 g Aol

T, BRelAE HEEAOR AT 4k
AL UoA AETABAL 2B

il
b
[

shs7] Slel, 24 shx
A 71904 At 2000 24 22 9 Be. |
AHow zud 7t 240 tele] AE wgT U7E T
Hsto] AA Aol Ai% 4e AHelg 244w 7 2
Aol vt AzFA TS % Aol AxuPREE Ak
= Wrlalqrt 348 e FAEL0| SoauA ATAZ

ol BAE gatem Uﬂii"éOﬂH A BeA WS 53

sttt 2ap o2 ejA o vA= dFTE Lk, F

Cl
A Fdhe BEEE SRS s, o] E &2
t C. polykrikoides®] B2 FFoE= =2 Axa0E

BYoy ARAAZAE C. polykrikoidesS I LE HAF
ZoA B7Ke A Az an) un|g £E02 Yelgth
(unpublished data).

B dFgME ARAE C. polykrikoidesS ETH O 2
TFAIEE] oA () FE20lA At AEE dxEF
GreenTDE tjAre 2 1A £&& H71et9ct 34 344
B S80I, 4l ISR S BAEGE ok
4 4z RS Frlelel, A B A8 1A
2}

fjo

2
Hu
i
0%
rE

LAZEAE

Thiazolidinedione =4 GreenTD«] EZL ZAYEn
&G AN LA, (FHFLLNA =
ik 38E AR EAS AFEt 91714 GreenTD &
Ao gt 38t 2= 55|55 AHE AFoE AlFdd
4= Q). Baek er al. (2014a)2] E11o] 2]3}4, Thiazolidine
dione §-EA) TD49 (MW: 337.8)& $=-&4Jo] Yo} 100%
ol &Hs] SRl & S sfigrol Hrbske WL
22X % Hgof At frhe ol ¢l %iﬁ} ol F H
Skat7] YA, P E Y GreenTD2 7Eshla, gy

A 7Hs Sl st @ A8l golstA &4 = Y=
5 JfAstGth 2 42 o1} dige A =, (=
5gL7'9) Stock solutiong THEO] o} oA AFsHe TheF
g aza g Ay &8t



Algicidal Effects of a Newly Developed GreenTD 361

2. 0 w25 v

2 dFoAe 3l 2 7ol mAlzR 7EE L=
GreenTD®| 3t 425 W78 st ot 73l v|ARF
= FWAAN FF S5t JAHERF 2% (Chattonella
marina, Heterosigma akashiwo), tH 27 2% (Cochlo-
dinium polykriokides, Heterocapsa circularisquama)S-2 -
A= 3L (Baek er al. 2014b), 73} w2 7= W At
A 7V &3] EdEE FR2F 2% (Chaetoceros simplex,
A7SHR L, o] of A Agte] A5 &8
3t B2 5F 13 (Tetraselmis sp.)S 231t (Baek et al.
2014b, 2015b).

Skeletonema sp.)y&

2 Aol €848 nARRe ST ried WY
’\]5?-57\151’}01]/\ -‘vj—% dro} gh&-atqitt. Bt 27 4
5 B7hl &8357] o]d EGHS AT =ol7] ¢

°H /2 ¥j A7k H7HE 1L s FE71o] 2547t vieFstsict.
W 274 £ 25°C 2 60 pmol photons m ~s ™', B

7] 12L:12D2 2439t BE = o WE GreenTDY
Sz ET o2 selals] YoM, TUEet AUE BET
02 o] AESE APttt 18 FELS w2 A

YA I3 U 2ANA 277 T ABS v
ASHAT, ARE AYZS TURY YBES AT

12~1/32 3|X43te] &

KA B B

gz as 2 494 27

70 mL A] g3 (22 mm X 200 mm; PYREX®)°1] Z+zr o] Hjf
Fel AES 50 mLE AE3 &, GreenTD HE=%71 0
UHZ:’:E_"), 0.05,02,0.5,10pgL” Ol IEE = E &
2E A2 WEAHL (triplicate) 22 I H Ut
GreenTD°ﬂ e HF d2EE sE= AP e 3
7H AR 3 AFHASG f8 uAzRFol i &A1
A2 A FIf A 2R iRt AubAd A28
= B78H7] AAsiAl AZEE (1 hr, 3 hrs, 24 hrs)ol @2t
A] Phyto-PAM (phytoplankton analyzer; PHYTO-ED, S/N:
EDEF0139, Germany) 48] 2 A% U 84< 2489t}
PAM (pulse-amplitude modulation)ZH|= FE4 U A}
HE L ol &4 BAE ol88 BB o] B
A AR} A& (electron transport rate; ETR)ol| ]38 A
B34S =A% 5 9t et B Au|E z2+ 9AE
(470 nm, 520 nm, 640 nm, 665 nm) =4 FF& AE3
of, §E4 (Chlorophyll @), Fu/Fu (3R &), BAEES
(Active Chlorophyll a)& thFst A A Thebst At
o HETARY AU BE A o BrhE 7t

e diE 4= 3 B AER7e A A= AAs

O

_g

i

i

A

£ godjof o2, 2719 243 B3 AE AATE
Sedgwick-Rafter chambero]] 0.1~1 mL (RE& WA 24
& BFsto], Fetdn| g stolA AE MAE A% 2 A

S3tart.

4.9 WAZR AR B

iAo R 4zd 48 olAER et A4YRRE
#5794l GreenTD d7F & 232%QF FFZAAH|
(model 10-AU, Turner Designs Sunnyvale, CA, USA
|31o] G333k (in vivo fluorescence)S &35t} A%

X

L

S4E BT 1K Bt 2 BB it HHe)
BRZAL A Ao LA G A W 5
s fANA e AT

dat o B9

1. GreenTD E3 9] ZAA|A

HZILAEDY AE5eS B 242 4] A E
of aiE FA &1, YA NE FHHA FFS
23lslHA AR ET AgFoa Axshe Aol
A HZFAEEL g ARSIA e AFHA
A, 9 9 AET} gojste] Ao
el fEjdtet. 7] +=8E FY A 29 AP AT (Baek
et al. 2014b)o] 23}, Thiazolidinedione =] (TD49)
© e AR BxAR &8I gloy, {3 24 E
S A9A o R Axdle 50| S5ttt wetA] 2 £3
(GreenTD)o|| thgt FAAdS Hetstr] A, FESF TD49
EAE JAR vlmste] Bttt 20139 HRAYEO| ot
Aste] FES dtE HEsPou, antgor AxQYE
< AlskA] &3t 2709 R F£AMFAY HE U
ool HXHES Ajsty] fleiA Adxd FEO F
228,000 t (7ol H]-E 349))0]0], ] & 9 Y] T 4+
Fo| 249 & v]gL oF 1189 A== olE| gt (Baek er
al. 2014b). Tref 2o WA A2 a&S 1, TD49

A 47750 kge @7ol ALsto{of st PArA7H= oF 60
ooz At 3lA|, TD49 EAS o]43}7] Y=
| &, &8t @ Axu)g-S ustojof s, Aty o
2 FEROE Al ¢ BE Ao BHESI of
oF 22 S HAstuA (F)FLLoe TD49 EFHETh
YA71E 1/102 £9] GreenTD 32 W34 11, E3] &0j
2 flo], dFalsel A5t AxT £ e FHE
Goldo] At <

Polet @ 4 itk whebd, & B3



362 Minji Lee, Juyong Shin, Jin Ho Kim, Young Kyun Lim, Hoon Cho and Seung Ho Baek

A Chattonella
marina
254 25

Heterosigma
akashiwo

50

40

30

T 104

-l

o

2 5]

©

= 1

&

o

5 51B 75+ 15 30

F

o

[

2

2

(&)

< 10 20
5 10

Hete

circularisquama

rocapsa Chaetoceros Skeletonemasp. Tetraselmissp.
simplex I 0 hour
500 25 I 3 hours
500 [ 24 hours

400 400

300

I

0.050.2 0510 0.050.2 0510 0.05020510 005020510 005020510 005020510 0.0502051.0

150 15 300

100 10 200
50 5 100

00502 0510 005020510 005020510 005020510 005020510 005020510 005020510

Concentration of GreenTD (ug L™)

Fig. 1. Changes in the level of active chlorophyll-a in seven phytoplankton spec1es for 24 hrs depending on different initial cell concentration
(A: high and B: low) after GreenTD inoculation (0.05,0.2,0.5 and 1.0 ug L™ )
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Fig. 2. Changes in Fv/Fy, of seven phytoplankton species for 24 hrs depending on different initial cell concentration (A: high and B: low) after

GreenTD inoculation (0.05,0.2,0.5 and 1.0 pg L_l),
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Fig. 3. Changes in cell abundances and algicidal rates of seven phytoplankton species (A: Chattonella marina, B: Heterosigma akashiwo, C:
Cochlodinium polykrikoides, D: Heterocapsa circularisquama, E: Chaetoceros simplex, F: Skeletonema sp. and G: Tetraselmis sp.)
after 24 hrs depending on different initial cell concentration after GreenTD inoculation (0.05,0.2, 0.5 and 1.0 ug L_l). Each alcigidal
rates are marked on each bar.
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Fig. 4. Morphological characteristics of Chattonella marina (A, B),
Heterosigma akashiwo (C, D), Cochlodinium polykriokides
(E, F), Heterocapsa circularisquama (G, H), Chaetoceros
simplex (1,1), Skeletonema sp. (K, L) and Tetraselmis sp.(M,
N) in control (left panel), and GreenTD (1 pg L_l; 24 hrs) in-
oculation (right panel). Scale bar is 20 um, which is adapted
in all panels.
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Fig. 5. Changes in in vivo fluorescence (FSU) values of seven phytoplankton species for 14 days depending on dlfferent initial cell concentra-
tion (round symbols: high; triangle symbols: low) after GreenTD inoculation (0.05,0.2,0.5 and 1.0 pg L™ )
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