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Abstract: Bloom-forming toxic cyanobacteria Microcystis spp. are common in the
summer season in temperate freshwater ecosystems. Often, it leads to the degradation
of water quality and affects the quality of drinking water. In a previous study, NQ (naph-
thoquinone) compounds were shown to be effective, selective, and ecologically safe
algicides for Microcystis spp. blooms. To analyze the superiority of developed NQ
derivatives, we conducted a microcosm experiment using clay, which is frequently
used in South Korea. Similar to previous studies, the NQ 40 and NQ 2-0 compounds
showed high algicidal activities of 99.9% and 99.6%, respectively, on Microcystis spp. at
low concentrations (>1 uM) and enhanced phytoplankton species diversity. However,
when treated with clay, a temporary algicidal effect was seen at the beginning of the
experiment that gradually increased at the end. In addition, treatment with the NQ
compounds did not affect either the abiotic or biological factors, and similar trends were
observed with the control. These results showed that the NQ 2-0 compound was more
effective, with no ecosystem disturbance, and more economical than the currently used
clay. These results suggest that NQ 2-0 compound could be a selective, economically
and ecologically safe algicide to mitigate harmful cyanobacterial blooms in the field.

Keywords: biologically derived substances, naphthoquinone, eco-friendly mitigation,
harmful cyanobacteria blooms

14 ©2020. Korean Society of Environmental Biology.



MNoB

715 Hs} A sy Ao ST, 71 2
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A7 (physical), 28224 (biological), 2}t
A (chemical) 7]& 5= ©|-&% bt =7 Ao 7l&
o] /=gl oL, H] AEAQl Ao aat, Ydd ANE&=
(Hickey and Gibbs 2009), =/ 8=l T2t =/ (Lim et al.
2002; Yamamoto et al. 200S; Lurling and Oosterhout 2013)
It ¥ G822l A &7} (Schrader et al. 2003; Lee et al.
2013), 5 A A| 221 WA Fol WA sto] @80
ofgfFo] RS Aot bt 7l T AREE2 £2F
iy el Alojg flsh e 7le A8

Vw2 712N sHddME FES dxEsto] Alojst
£ 71&, Feloll e SFoA] et Phoslock® AlEo]
FAaAor vt 7oA ARG E AL QITH (Sengco and
Anderson 2004; Liirling and Faassen 2012). a8 S Ee}t
Phoslock®-2 o]n] 548 Sl et J, A JF
A Qg o= gt e A W (Hickey and Gibbs 2009),
oh2 AEol thet FeF (Park et al. 2014) 5] EAIR O] &
Asto] A FFe mATtal HuEgih o]zt &4
A& Bekolr] 91ol =2 Aol B} (high effectiveness), W

2 JH=54 (low toxicity), =< AA &/ (economic

=
M2 Aol gt 8= ol-8ste] AEHAA A7t
Psolrt. ol 275 WEsh= S2EA A=t
(Biologically derived substances, BDSs)= I
=of tiste] F/A=49] 2t wwol AEE
ol & ?It 4= 7T Itk (Shao et al. 2013; Joo et al.
2017b)

Superiority of naphthoquinone derivative for controlling CyanoHABs

Naphthoquinone (NQ) 242 A=f 2424 O
gt 2= (plants), 77 (fungi), P18+ (microorganisms) 2] 2
2p AR R A AFAA 0 Bl EAIshe &4 olth 579,
NQ AlE &4-2 Droseraceae, Juglandaceae, Nepenthaceae,
Plumbaginaceae 52| < A& (vascular plant)©] &3}t
= Agof @ol Z2}otH (Binder et al. 1989; Crouch et al.
1990; Lin et al. 2003), BIEFY (vitamin) K;, K, 9] 22} F
AFSto] (Shukla et al. 2007) THFE oJekRo] 7|2 EH=
A AF7F Ak B3 NQAIE Y] 22 AEET
FEO] F AA (photosynthetic system)gl Qsites 1
ghotrtyl B 1|tk (Oettmeier et al. 1986; Biggins 1990;
Jewess et al. 2002; Lee et al. 2018).

2 AFZ13} Byeon (2013)- ©]2gF NQ FEAIE o&
Sto] froll g2, T e A9 dxay g7t
HH test-bed 2-8-= 59 AEHA (P 7R @St
ATt (Joo et al. 2016,2017a, 2017b). =S 7HE 23] 7
AR @A -GS flsto] AT A2 st ol &
Z5 AEA Aol ax), gei=4d, tHR/dol dist A2
£ o R 2% 245 AHsHot 1By, AFH o s
T e E NQ2-00] FA £ Ao fIske] F7olA
& = 71E =ZE Alo] 24 FL 230 A H]
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40), 7%FeHe NQ(NQ2-0), 1=l = ol A 73 RIEst
Al AHS == FEoFO] A gy} vluel =5, vlAY
sha golof tish Y2 S ZE @ lof theh A+
AE EEoto] FbHo=r Brt staryt ohglom, =71
Ao 2 tefet A7t A mZXA |01 flof AFRED Qe
Phoslock® A&2] B£3& vto g st vy 248
Foto] 249 g EAstaA} oFgleh

T 3
1. Naphthoquinone derivatives (NQ 40, NQ 2-0)<}
i3

NQ 40 &2 2-(2-Diethyamino-ethylamino)-$,8-dime-
thoxy-[1,4] naphthoquinone 2}2-g©| ™, MeOH (30 mL)
% 5,8-Dimethoxynaphthalene-1,4-dione (301 mg, 1.38
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Fig. 1. Basic structure of the naphthoquinone derivate.

mmol) 8] N,N-Diethylethylenedimine (293.32 yL, 2.07
mmol) & H7}5}1, WSEL AL oA 4417 Bk W
Sk 71%F St ZUAAL 2YAB S 2 aR0E
1] (hexanes: EtOAc=1:4) o oJ3) HAste] HAHES
LA NQ 2-0 EZ-2 2-((2-(Diethylamino)ethyl)amino)
naphthalene-1,4-dione 2}t ©]™, naphthalen-1,4-dione
158 mgoll MIEt= smLE ©|-85ko] SFghE-2 A=k
oF ROl A WHS 247 7, S ERES UT 55 T
flash column chromatography (100% EtOAc)ll 2]l A
sto] sigta= 5t E FEAlS] +x24 2H
T HAE $151 'H NMR (Varian Mercury 400 MHz, Varian
Inc., Palo Alto, CA, USA) X HPLC (high performance liquid
 SEA ] BAE 24
< 913l GC/MS (gas chromatography-mass spectrometry)

o] &sttt. 2 Ao A-E3F naphthoquinone 5%
et shott 17‘4% W AT =AY
o -SESpotaAlE e £& wapd AN &4
of AUt NQ &2 9] BA7t B 2let Fx2A2

130 oo, Aeof AR FE= 700 mesh = A 2]
Zﬂ EE Fufioto] AHE-SHATH(Dainsoap Co., Korea).

chromatography)g— ol g5t o

Lol m{m

ol

]_

-

2. NQ 2-0, NQ 40,
microcosm

YEQLHIw EMS 9fv

NQ40 =27t HFElo] 2% HHE NQ2-0 B, 37t
2o g ol 7 RIASHA AHg 5= FES Y 2
A& Yste] AEA W 751 7129 microcosm 23S &
3YSFAT Microcosm A2 M| =27} TAYsk= 737]
T gQIA] 7152 42] (37°13'30"N, 127°6'10"E) ol A ]
Grafol AR o3 7 Sqalgc Aet AYsE
Microcystis spp.”} 8.5 % 10" cells mL”~ li >Hstgom, AY
2 20°C, *¥= 50 ymol photons m s, 12: 12 cycle (Dark:

S
Light) ©] 27014 19 %7 & 59 2702 Age A

i B
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Yottt NQ 40, NQ 2-0 =2 et microcosm A
2 A3 AF ANE v oz gipt UdFH 1uMS F
Z 02 AEsIg o FEE 7)E A A7 (Kim ef al.
gog 10gL” s 2 AE5H3ch(Fig 2).

3. Microcosm (75 L) W H|A S8t 9ol B M

pH, A7AEL, ¥, §E4AE portable multi-

parameter (HORIBA US0, Japan) 2 = 0, 2, 6, 8, 10, 12, 14,

17,2092ke] S7dstint. T3t AlE Pl oFA 242t A
= O

&7l PVC pipeE ©1-85t 5= & THAA A5 HE
gof| 7}etet2 (bottom-dwelling) 7143 S HoxA =
Atk AEL HF FUHE 0,2,6,8, 10, 12, 14,17, 209
2R 28 AE 0] BFo A 1 LY polyethylene bottle
2 45kt ¥ A (Nitrite: NO,-N, Nitrate: NO3-N,
Ammonium: NH4-N, Phosphate: PO,-P,) B 5] A
g AAte] 250 mL= Aot 2ol 242 Ao
glass fiber filter (GF/F) (Whatman International, Maidstone,
UK) 2 o373t § 4F4 2] H polyethylene bottle®l] 50 mLA]
U0 —70°C deep freezerol] HE0IYTE e JFH &
A2 APHA (2005)°] 2]715te] 242 245190 t.

o
“}

4, Microcosm (75L) W 23 221 2N

gref| 2] o} (bacteria), 59 0| AHEF (heterotrophic
nanoflagellates; HNFs), @.%%E}ﬂlf— (phytoplankton) 5
o) T8 Asal7] Al
% 300 mL2] polyethylene bottleoﬂ Ho} glutaraldehyde
(final concentration 2% )2 A5t 4°CollA A4 B
otk dhe2foret HNFs©] %%, 7t 2mL, 10 mL
2 BA51T ofdlsh 22 W oz A4y AsdEAct
(Riemann et al. 1990). ZtZ+0] A-E2 DAPI (S ug mL™’
final concentration) = $+#7F A% 2, black 0.2 pm pore
size polycarbonate filters (poretics) StollA] R SHIL 1,000
Hj-& (magnification)g Zeiss Axioplan epifluorescence
microscope StoflA] BA 0 & Wgsh= LS Al45h3l
ot thZF > 200 cells filter (= >10 fields ﬁlter_l)—gl Al
Z45 Al45FITh Nanoflagellates 2] 7% flagellate =

712 7H AMlZo]H red chlorophyll fluorescence (visible
chlorophyll) 7} T2EH HNFs2 7HEsH o (Round et al.
1990). HNFs®} protozooplankton (e.g., ciliates, amoebae)
9] FLH.& patterson (2003)9] HH g 2 Hordl = 9]
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]
75 L scale microcosm 1 \ N\
#] Control Treatment (Naphthoquinone 40)
laa e B A 5 A e 5 B A B A
=) W e
2 ) %, M, 2
2, 2, ¢ ‘B, 2 ‘g
§ & b Y Yy N o i % n
S S . S ;
s & m Py ™
= 2, e ) % =2 =)
Y @ g R Ty,m L &
v s = ©
) 60 cm i
Treatment (Naphthoquinone 2-0) Treatment (Yellow clay)
e a B A L. A e B A B P .
Bact
g - . S L . ® o @ Bacteria
o ) P - 2 2
J@@DL : ﬂv‘% - /%))L ’g ‘%gm %W A@&m 7& g A%% Phytoplankton
T, - 0 2 ¢ W NQ 40
/\;)\ > . % /\;,,“ /7;)/ %
e, . = > /4%; z&@ = ’ )N W NQ 2-0
el & Rl 4
; = ® T ® Yellow clay

Fig. 2. Schematic diagrams of the 75-L scale microcosm experiments.

e
&

calibrated ocular grid & A&l Z7]H =2 groupi}?ﬂ'oq E 2HWIE s Yl F oA A4 (diversity
el 3ok o] W o2E= HNFsO] Fet 5 AT index)& W79t HlL ZA5HAH HFE A5 7

= AT MEE Ato]] Mlzs W3t S 991 % Margalef (1958) <] X o|&of ol5| FX=% Shannon-
Q= 2 ol /E ﬂagellate-/] A7) calibrated Wiever®] 2] (Pielou 1969)= ©]-8-5to] A=5H31tt.
ocular grid& AH&-all SAsITh AEEHAEY A 0

_ —Zi=1PilnPi (qu)
E 151 1mLS EF 5l Sedgwick-Rafter counting chamber
(Phyco-Tech Inc., USA)E AH&-5F] 200 magnification= A7] Ao A H: B %, N: AA| 4 9 p: i AA] &35}
IX71 inverted microscope (Olympus, Japan) Stof|A] Al4=5}k L A 42 H]EE 51 (n,/N) 22 AAHN: 73 W9
At g 27 Microgystis spp.©] /NASSE HE2EFE AH B2, n: 2 O] FEH)SHE AL m]ght,

£ T A= BEE 91g Chlorophyll-a H13HE 5745t
Fom, HF ALTH 208717 #etE wEsit 4 6. HIOJE] &M
EEFAEY 542 FeAn7 (Olympus IX71, Japan)
©] 200~400 magnificationoﬂfq Sedgwick-Rafter Chamber

(PhytoTech Inc, USA)E: Ol&5t0] % #27b4 S4spy oo o (lgicidalactivity) 2 The 4122 ARISIHH.
7,59 Sol A TR A G0 Aolg vl g I

. oy 1o
ZouE4g% Z(sp)o =2 PR =Y Algicidal activity (%) (1 G ) X100 (Eq.2)

]EH T(ﬂﬂ?)i} C(EH,_]_.:[L)‘_ Avd, %700] ;GZE]O:{O
ujo} HEHA) e o] 25 AlESolH, i A ]
NQ20,NQ40, BE A8 F 2o o5t ABBFL  W(day)E AT ATh
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2
1.NQ 2-0, NQ 40, 2E HE ¥ MEHX Ix R
Hlojaa}

7]1Z0] ZHEE NQ 40, /NHE NQ 2-0 4, FEO| 4

23S Hwshy] ffst @45 o8 7sL -FILE
O] microcosm A @& -y Ayt 2+ W oY £

Microcystis spp.2] A-F A& 27] 1.0x10° cells mL~ Oﬂﬁ
10947k ARH o2 F7Fste] 3.0 10° cells mL ™' 7}
2] F7totodnh o] % A3 Fasto] A F=AIQ1 20¢
}oﬂh A9 A1ZF FEoF FAFRE 2.1 % 10° cells mL™'7HA]

435+90H (Fig. 3). 121, NQ 40, NQZ 0 =4 A%
F A2 e HE FY 9.6x10% cells mL ™, 9.7 x 10* cells
mL 7oA HRH o2 Faste] Y F=AR] 2094
of &= 5.0x10% cells mL™", 1.4 x 10* cells mL™'7FA] 245}
o:h;].(Flg 3) 1,311/].) %EE. 14 St ;qa]:ru— 141 741 5
6.9%10%cells mL™' &2 HZ tHH} MESTY 34.7% T4
SHTE LAAl JRAlS A T 2.0x10% cells mL™ ol A]
6.6x10* cells mL 'S §A5}71 92 ©]F 1.0% 10° cells
mL ™' 7} AF7Feteleh AR F=A1Q] 2082 NQ 2-0,
NQ 40 =42 &2 thH] 99.9%, 99.6% HZ B IHE ¥zt
stelom, FE= 2 tiH] 53.8% A2 EE UER
At (Fig. 3).

AEEFIE A 98 BEE 919l Chlorophyll-a
24 A 2t JE TY 1501156 pug Lol 5
A2} 190.3+6.2 ug L7712 F7FsEGATE o] HrH o
2 2094} 74.5+8.4 ug L™ 7FA] ZHASHATE NQ 40, NQ
2-0 BES HES AYF= FARY o= HE T
1438+ 1.7pg L7, 153.5£7.0ug L 22 ZAE ¢l o1 o]
T A&EH o2 A4S NQ 40 AP+ 1084} 10.8+
09ug L™, NQ2-0 A2 942t 2.6 £6.0ug L7714 3
;o}“‘t} FEE AT AT+ AF AT 1208+21.1
ug L™, 192} 29.4 12,1 pg L7'7FA] A4S & ThA] Z7151
= AFE BHYom, 2093} 68.9+24.1 ug L 7HA] A5}
Skt (Fig. 4).

Wi
O

roll n\l

2 MZEW HE ¥ ME 2UEY

A 25 Mlcrocystls spp.©ll thste] 4F
NQ40,NQ2-0, FE =29 &= A v|x= &= ¥
7FSFaLAt microcosm 141 A& ot vt el

PN
- ol
J;
S
1A
o[N
gt
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400
—@— Control
e N NQ 2-0
——{—- NQ40
3004 ~ ©9— Clay

200

(x10° cells mL")

100- ”'\0 - -9

Microcystis spp. abundance

*e
N t“nh,;. =

012345678910 12 14 17 20

Time (days)

Fig. 3. Changes in the Microcystis spp. of the control, NQ 40, NQ
2-0, and clay treatments in the microcosm test.

—@-— Control

Chlorophyll-o.(ug L)

012345678910 12 14 17 20

Time (days)

Fig. 4. Changes in the chlorophyll-a content of the control, NQ
40, NQ 2-0, and clay treatments in the microcosm test.

1) HISS oS 2010 oot Y

o=A""

Microcosm H NQ 40, NQ 2-0, ¥E HF & 2 ¥3}
£ Rt it g Aol Ad 2715 E FRA7t
2] 19.8°COA] 22.0°CE At ™, A Zfol=
NATH (Fig. 5a). A0 79t~ AFZ7] 7.7+
0.2mg L7'olA ARH o=z Frtsto] 12UA7HA] 9.3+
03mg L& FAISIL oW, o] % HAaste] FrAIQ] 20¢
Aol = 5.6+0.04 mg L7742 ZHA5FSATH NQ 40, NQ 2-0
EAS HFET AYFE 7] 2 7.0+£02mg L™, 7.0+0.1
mg L7'9] FroA FRH o= FhAste] NQ 40 A2
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Water temperature (a) Dissolved oxygen (b)

ms cm'l

1000 012345678910 12 14 17 20
Turbidity
(e) Time (days)
—&— Control
—v— NQ2-0
—&— NQ40
—O— Clay

012345678910 12 14 17 20

Time (days)

Fig. 5. Changes in the environmental parameters, including (a) water temperature, (b) dissolved oxygen, (c) pH, (d) conductivity, and (e)
turbidity of control and treatments in the microcosm experiments.

20 140
18 —@— Control PO-P (a) NO,-N (b)
~¥-NQ2:0 120+
167 —@- Nqao
141 —O-Cuay 1004
- 121
0 80.
j} 10+
3. 8- 60
6 40
4_
ol 201
0-— T T T T T T T T T 0
600

500 1

400 1

300

2004

100 -

0 2 4 6 8 10 12 14 17 20

Time (days) Time (days)

Fig. 6. Changes in the nutrient parameters, including (a) phosphate: PO4-F (b) nitrite: NO2-N, (c) nitrate: NO3-N, and (d) ammonium:
NHa-N of the control and treatments in the microcosm experiments.
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1023} 4.740.04mg L™, NQ 2-0 AT 14L2} 4.4+0.4
mg L7 4 & A% Zrlololh & A+ = A8
%7] 7.5+£0.6mg L™ oA & W3}3lo] FA = om, 20
A} 6.2+0.5mg L™ 0.2 AE 7FASHS T (Fig. 5b). pHE] 7
-, ARA7ITE St EXTE 8.2+0.1004 9.6+0.1 AFO|2
GAE] Q0 NQ40,NQ 2-0 24S HAET A= A
Az7] 242} 9.040.07, 9.2 +£0.06°14 HZE 193} o] &1
B Z4ste] 2084} 7.940.07, 7.7 £0.022 A FA =R
ok FEES HE AT A HE FY 2T ET
Tha W2 8.7+£0.060014 A@7IZF 5 2 W3tglo] &
A= om FRA] 79400622 TEE ATH(Fig. Sc). A
7 EE= AR7ZE B9 BE A4 0.379+0.007
ms cm oA 0.385+0.007 ms cm ™! AJo] 2 2 W3}
o] FAE Utk (Fig. 5d). EE o] F¢ 2= A =
7] 68.5+0.14NTUOA 17U7H2] 2|&2 0 &2 F7}oto]
115.5+3.5 NTUZHA| S7Feh & 2092 &% FA4cto]
93.7+53NTUC] &I} T2}, NQ 40, NQ 2-0 &
AZ At Ae+e A 271 2H2F 76.4+0.4,69.1 2.8
NTUZ}F =21 NQ 40 A 2]+ 9, NQ 2-0 A&
T 109 o|F Bt S A] A3de v FE A2
T AE TY FE| o5l 845+ 11.3NTUZHA| SHE
Fou; HxH o2 FrAasto] 20¢Atoll+= 82.4+7.21 NTU
o] Tty %Q'(Fig. Se).

Microcosm A&+ W I HIE 7L 753'4', =z
T QAR (PO4-P) EEE
A FBAR 20927H4] 2 §stglo] 5.5
= th NQ40 E4-& HET A= 27] 219 &
AFSHA 6.0£0 pg Lol A A} ZH4-5o] 2094} 3.540.7
ug Lo 27|Hot A TEE QT NQ 20 EES A
Te AP 27 et FLsHAl 7.0+0ug L RS
U, AxlH o2 FIkete] 2092t 14.0+1.4ug L7744 5
Z¥etqit. oivh FES JES A= JF 4F 3.0+
0ug L7'ollA] FRAIQ1 2082712 FALGE T2 525
At} (Fig. 6a). oFEAMd H A (NO»-N) Q] -9, tiR++=
AE 271 500t0ug Lol HRH o2 Zaste] F=
ARl 2098 ol 1.5+0.7 ug L™'7HA] ZHASHITE T34,
NQ40, NQ2-0 E4-& HET A2+ 380+ 1.4pg L7,
39.0t L4ug Lol HAA 08 Frloto] 2094} 75.5+
2.1pug L7, 89.5+30.4 g L™ 7HA S7Follth FEE HE
g Al 27] 480+ 14pg L7'oA AAH o R T4
Sto] 2092t 15.0£0 pg L™ 7FA] 45k} (Fig. 6b). A

QX
o]
b
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le+7
—@— Control
—¥—NQ2-0
—3— NQ 40
—&— Clay

le+6

Bacteria abundance
(cells mLY)

le+5

let+5

let+d 4

HNFs abundance
(cells mL")

le+3 = T T T T T T T T T
0 2 4 6 8 10 12 14 17 20
Time (days)

Fig. 7. Abundance of bacteria and heterotrophic nanoflagellates
in the control, NQ 40, NQ 2-0, and clay treatments in the micro-
cosm experiments.

YTF. NQ 40, NQ 2-0 B3-S HES A=+te= 4
o %7] 77} 884.0+£50.9ug L7, 1,045.0+1202pg L' &
Lol A AR7ITE SR FAE ] 2084 929+42.4pg L,
1,306.0+114.5pug L' 02 Z Wsr} W= 7] gkofct. &
£ AT AYTe 2ot fARRE Aol BEE
ok 27] 1,169.5+19.0ug L™ ol A X120 & FrAste] 20
A2} 185.0+0 pg L' 7HA] 43kt (Fig. 6¢). Yot
4 BA(NHeN) | 3%, dx27ot FES HEL A+
= AR Ao R AAx7] 44.0+42ug L7, 64.5+4.9
ug L2 2t SA =9l om 2084 40.5+10.6 ug L7,
59.5+12.0pg L7 w2 & ¥istglo] KA et 1=y,
NQ40,NQ2-0 242 HZF?t A7+ A 271 455+
0.7ug L7, 11.5+2.1 pg L'oA] HRIAH o2 F7lste] NQ
40 A= 10€94F 305.5+14.8 pug L7, NQ 2-0 A& ++=
1794} 417.5+106.7 ug L7712 Z7F & ThA] ZHAsh= 7
o] T 3Tk (Fig. 6d). A 7|7 Bt A¥HH o = i 2
Tt FEE HET A TolA NQ2-0, NQ40 A 2+H

o e gopo] fAHE 2& AT 4 U

14 (NO3-N) 9| ¢, 24+ %7] 1,113.0+97.5
oA FZ40] FHAaste] 844} ool = AHE
S
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Fig. 8. Abundance of total phytoplankton, Microcystis, and the Shannon-Wiener diversity index in the control, and NQ 40, NQ 2-0, and

clay treatments in the 75-L scale microcosm experiment.

2) ‘42t aolof gigt

NQ 40, NQ2-0, FE & & ejA n|x]= 4
7¥et7] S1e &St 810 = e 2]ol HNFs A&
AE, A EF HIE A 2 f Bl 2ote]
LAY %7] 1.4x10° cells mL oA AZ 7A45ko] A
ZRAIY 2043} 5.4 % 10° cells mL ™' 7FA] 74519 CH (Fig.
7). NQ 40, NQ 2-0= HEe A+ FARE Fdo=
A %7 242} 1.3%x10%cells mL ™, 1.5 % 10° cells mL ™" &
oA 29} 4.1 x10° cells mL™, 3.2 10° cells mL ™' & ZF
23 5 20940l = 4.9 % 10° cells mL™, 5.2 % 10° cells mL ™
ol dx g JFAHUct vt FES HFT A+e= A
Z A 25%x10°cells mL ' DEZ 2T ] A 2
Hlom o] A7z F1F Al EA FAE AT (209
2} 4.5% 10° cells mL™") (Fig. 7). HNFs 2] 7%, A% gL of
£, NQ40, NQ2-0 2482 HEe A= 242 (14+
0.1)x10* cells mL ™", (1.1+0.2) x 10* cells mL™", (1.3 %
0)x 10*cells mL' 22 FASIA O U FFES HESH A2
TE(0240)x10% cells mL ™' 02 A TEE ) 18
U, o] F 24t E AE F=AIQI 20892714 1.0x 10*
cells mL "ol A 1.6x10%cells mL™" Alo]o] WE 2 2 H3}

g%

i)

=

ol F-A = At (Fig. 7).

AEETIE T4 HekE wEtt 43 dix+e
Microcystis spp.”t AH F=A1 20827H2] 99% ©)/d
&2 07 45krt. ¥, NQ 40, NQ 2-0 F
S A+ 19 Microcystis spp. 7RAI5=7F 1€
B 74517] Al#fste] 2092 NQ 40 A 2]4-= Nitzschia
palea (44.1%), Scenedesmus quadricauda (12.2%)°] -5}
O™, NQ 2-0 A &]++= Nitzschia palea (26.8%), Fragilaria
crotonensis (24.8%), Scenedesmus quadricauda (29.5%) &©]
FHsHAY FES HEFS AF 9A 2+ A4
SHA| Microcystis spp.7F A @ F=AIQ] 204 27EA] 99% ©]
g AEH o r S (Fig 8). 274 EYE v L
2 FTHF4 215 (Shannon-Wiener index) & A&7 A1t
tZA= Microcystis spp.7F A|&52] 0 2 9-3]9to] whet 4

(o]
=4& A

=]

L oz
Y=o} =

T T Hmo

Tana
A7 Bt A&H o2 WA TEEITH0Y: 0.012, 20
2. 0.009). L2t} NQ 40, NQ 2-0 A2 t= HE & 7+
Z} 0.012, 0.008 RE FTHEFA =7 1284 1.638,0.982
7HA S7FsrA L, 2044kl = 1.830, 1731744 S7Fot
Aot FEE A2t A@= 2} fAH AR
717 B A &H 02 A IHEE ITH0Y: 0.002, 20Y:
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Fig. 9. Abundance of total ciliates in the control, and NQ 40, NQ 2-0, and clay treatments during the 75-L scale microcosm experiment.

0.018) (Fig. 8).

AEZ0] A A 27] 2 FE 12cells mL ™ Ao
A ZRAIQ] 208211 14 cells mL™' 2 H3}glo] F2]5]
ATh. NQ40, NQ2-0 B3 A& &= FAkt PO 2 NQ
40 A2 F= 842} 39 cells mL ™, NQ 2-0 A 2] = 10€2F
29cells mL'2 7} =& H T E UJeER) Q) 0 o] thA]
Hachs AFos WA 18, FES JEFT A
g o2 AP el WS u] HE FARE ETA]
7HA] g A o2 W2 Ml Eart I E QT S22
O] 7%, tix++= A9 %7] Halteria sp. E°] 35S
v, A2} Tachysoma sp. 1 -5FATH NQ 2-0, NQ 40 A
2|4= Tachysoma sp. 5°] -0} .01 o] HA|H o=
Ha-ob= e UEt At (Fig. 9).

.
L2PAS Aolsts WHoR AAH 47, 2o,
7125 SO Belshal Aoy, S B HAA, Arst

, A5t AAsH: o

sf
Fofste A|AsHE A=t Aofiiol Utk (Sigee
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et al. 1999; Gumbo et al. 2008; Foflonker 2009; Han et al.
2018). 12U, thgRt 71& Foll w2 Ax e e Al
ol Woly SO AHo= AxA, SUAe 2 5
a1 Alojo] SHAE F15A0] J1 i HoiE
T gick, e, 2% AzAE Bl A et o
qu-_o,] 71-_/]&_) ?_:]/\] -1_0_% l:—_o M—z‘:';d_,] igoﬂ
o] Aol W 7Hs
Aol XA £, 7%, 4
=
(Diospyros

o
N
2
S
Mo
o,
o
N
i
o
ol
2
A
re
re
-
l‘l r
Jz
ﬂl'lU I:I)]l

ebenum, Impatiens balsamina etc.) EURSIE R (Streptococcus
faecalis etc.) H EAotE HAERA, bt 71535 2
3 Qo] ©]2FE (medical supplies), Al ZA (herbicide), &+t
A| (antimicrobial agent) (O’Brien 1991; Monks et al. 1992-
Schrader et al. 2003; Dong et al. 2009) 522 AREE| 11
= 5409l Naphthoquinone LA E st AFdA 141
E5RE testbed 287 SR debd, 2 7
o A= NQ 40225 7igFs NQ 2-07} FESL] v
stz shglch 1 A} ok AgA ) A @
oA o] APAuet FU5H NQ 40, NQ 2-0 2282 A
TR AP F= sE3 90% o] =2 AxavE
& 4= AT (Figs. 3, 7). ol=e Aite w2 Axavo
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do] MH 28z oA aeHor Ab
Aolth. AA] =ulellA 7Hg HIHSHA ARRE I 1=
Eot Hlws] Hots o, FE= A I - 7Is
= NQ40,NQ 2-0°] H]s}o] #-E ’543‘“13’—}7} A=
9k Z719] Microcystis spp. Al©] ©1% 57 ok A=
2t (Fig. 7). HIS NQ 2-0, NQ 40 &3 o] A9 %
of Hlsto] e AR ETHE H S| mEl} SES=
27 NQ2-0,NQ 40 =25 HEet A2l+&= A&He=
Microcystis spp. &°] Z4-5F0] 2Hd5] 2| A= Ut (Fig. 7).
1 ORI 71 €70t B YIS AT AT
£ WA 272! Microcystis spp. < X3S BE A 55
FEANA G (Koss and Syyder 2005; Gumbo et al. 2010)
2 2w AE 2 AP T 2R e teRtA
ottt 23U NQ 2-0, NQ 40 B2 HES A4+

Microcystis spp. & 1= A 94 0 2 Ao gtof| whe} Nitzschia
Zro
E

ol

Lo R XL fo o ot =

palea, Flagilaria crotonensis, Scenedesmus quadricauda<}
e 29 Aol BT £ Ul A Eat
715ttt (Fig. 7). 94 A A3 (Joo et al. 2016a) 2} &
Aot A2 A, {3l ZF Microcystis spp. TH HEH@.QE
Alofekom=m thefet AaEdaEo] A4Sk FAlNA
S 4]E (keystone species) ST Microcystis spp. &= A ©]
Stof A2EFTEY F7HE7 (interspecific competition)
A HAA & gt AeEF =0l 4%l 7s
et -2 A5, Scenedesmus sp., Stephanodiscus
hantzschii 52| W& 27| &< 7FesHl skt o1
o oE 2R/ Aoz Q&) 4 AEA A7 A7

e F oS4 A5 (Shannon-Wiener diversity index) =

EOF-E oIttt (Fig. 7). & THFd A4e2] 571 23t
= TRt ZRA o Rt ofy g}, & e A o] 77 o] &
A9 FE AL AT 5 = AEA,NQ2-0EHE
O] A& Fx7 Aloje} tEe] FAl 3 Y=
nd Ao s AbmEch

T2 NQ40,NQ2-0& F&eF A2l &84, vlAy
=94 a9l Oﬂ tiste] ko] glslov FEE A=
= HE 9 800NTU A ] B2 HslE Q] o, o]
T AEH 0w w2 HErt BEEICh B9 ofy 2, 4]

Superiority of naphthoquinone derivative for controlling CyanoHABs

2%0] 7|47 771 FF U279 NQ 4O, NQ 20
2 HET AelFuct @Ae we S ST 5 At
(Fig. 8). ol2lat A}t 7|20 BE FEo| 2 A
o 2 At U Aok A 2 RS G2
= g<lst (Park et al.

,oFAT A (NOsN), 2
A (NHAN)E EH

= 359 AGFE O AET
1S Pl olele A sl
N2A FEE AEEYIER
%Z”V]L 7)%6= 28l Qlof o]t
2 {}L%E}(Ryoo and Choi 2012). 1

2L, NQ 40, NQ 2-0 =25 HET A+< "=+, 2
E APFEeg 52 d99e] AHE Ae wEERlH
(Fig. 6). ol A} AA|, A=Y A} fFARt AT Avte =
& U 2 EANSH Microcystis spp. 5°] NQ2-0°1 2J5f| A
tol| whe} Jofgo] 825 Ao g mHrh o] NQ
1o] o) 2-FoINE A E2F Microcystis spp. At
of oJsto] NzeiE §&He Tl s LA
E—';—Q Tt SAE Aor maEy Ao o] ¥
9 el o] 52191 Wtz A A njA|
Zolet weten), 7|9 AxA, A
VLA Al §=ol ot FI<et =3
(Hickey and Gibbs 2009) '&/5t4] ¢t= &4
WS 40t 7lE R AMgo] T AL
‘:’r H, FEE AR 2 T7]7he] gt
745 AL 712 Aol B yE A&sh] ol#7] wE]
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