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ABSTRACT: We evaluated the field application feasibility that biologically derived substances (Naphthoquinone derivate: NQ
2-0) can be used for the eco-friendly mitigation of natural harmful cyanobacterial blooms in freshwater. We conducted a 30
ton scale mesocosm experiment to investigate the effects of NQ 2-0 on biotic and abiotic factors in water collected from
Gi-heung reservoir. In the mesocosm experiments, the abundance of Microcystis sp. was continuously increased in the
control. However, the Microcystissp. cell density was sharply decreased on the 10™ day. In the treatment, NQ 2-0 showed the
strong and selective algicidal activity toward the target cyanobacteria (Microcystis sp.). Accordingly, the algicidal activity of
NQ 2-0 compound increased gradually until 10", 15" days and algal biomass was decreased to 99.4 and 100 %, respectively.
NQ 2-0 compound was not only selective algicidal activity but also the growth of other phytoplankton and increased the
Shannon-Wiener diversity index of phytoplankton. In the mesocosm experiments, the dynamics of biotic (bacteria,
heterotrophic nanoflagellate, ciliates, zooplankton) and abiotic (water temperature, dissolved oxygen, pH, conductivity,
nutrients) factors remained unaffected. These results suggest that NQ 2-0 could be a selective and ecologically safe algicide to
mitigate harmful cyanobacterial blooms. In addition, it is believed that NQ 2-0 will play a major role in forming a healthy
aquatic ecosystem by facilitating habitat and food supply of aquatic organisms.
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A 282 ffste] 22 AF A= Sl FAEA
£ 2|Aglstelon, 2| 4akH 54O A Axa it

=45 A3t Joo et al. 2017). 12L, F2
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Orihel et al. 2006) B FLL}, S8l 2571 2R3 A3
£ ©]-§gF mesocosm A2 A A ElH Az
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2.1 Naphthoquinone SEA| (NQ 2—0: 2—((2—
(Diethylamino)ethyl)amino)naphthalene—1,
4—dione)

Naphthoquinone -3-=4] (NQ 2-0)2] 247} E]+= 7]
22191 384 Sz = Fig. 1] A5 2AIE 7]
HEO g Al2 o] A W HHE naphthalen-1,4-dione 158 mg
of| Mgk 5 mLE ©]-&-5t] shetE2 AlZsHieh +
AR O Z AR oA HES-24 A7}, HI-S- IR 7
of| A 5=A]7] 1, flash column chromatography (100%
EtOAC)o] ©J3) 441510l SRS S E5tgict e
A2 224 AA T} HAS $18) 'HNMR (Varian

Fig. 1. Basic structure of naphthoquinone derivate.
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Mercury 400 MHz, Varian Inc., Palo Alto, CA, USA)
I} HPLC (high performance liquid chromatography)
£ olgstal e, A9 Ak S fIs GC/MS
(gas chromatography—mass spectrometry)E- ©]-835}
Atk & A¥of ARE-3F naphthoquinone -§-= 4|+ 3t
ofeishin sfskat 2 WA ALAA TAsho]
Al

2.2 Mesocosm (30 ton) L Naphthoquinone
2—0 (NQ 2-0)9| &

i)

AT W Addold St Axainrt Y5
2-0 =40 A A8 7 e A v A=
71517] $18f mesocosm W FE & Aol &

=
L
233 Microcystis sp. Aol &1} W 534, H|A=
P

NQ

::‘,OR
O

oo o

2, ijq o] B4 G257 Microcystis sp. 0 9]t =%
bRy o ofel] FA7F A Sl 718414 421 (7]
T 8014 7| & 22 37°14'56.8"N, 127°05'28.6"E)
2014 99 AF 5 A 5to] =35l (Fig. 2).
AR E 2] W F2] o u]=t Pastel AF2] 30 ton (6 m® x
7m’ x 1.5 m’) 9] A2 AFT 24 (2T,
NQ 2-0 A& AAIeHL, 71842 W F257

Yellow Sea

China

ol

7t 27 AR OR ENSt T E TS ULE
ARg-SEo] Ag=ste] 27 A AE QHEEH g & B
< A&tk NQ 2-0 =4 9] mesocosm 2§ 5 4=
Al vlAl= Gk ksl f1sl W 11:00-
13:002] F L gt A|7ol| Ajpsto] theet e - 354 -
RE ARES 24519t

2.3 MesocosmOi|A] H|AZEHM Qo @L|EZl

42, pH, €& A4 (dissolved oxygen, DO), #7|
A% (conductivity), BHE (turbidity) -2 U-10 423
Z2]7] (water quality meter) (HORIBA, Japan)E- ©]
|5t S5 o, 855 A4 0] 79 Winkler titrator
82 37} H5513T) T3 mesocosm A -2 A& of
Al Z42F2) Ao PVC pipe & ARMESH] 55 &
SYAIA HiEof 7heeEE (bottom-dwelling) 744 =
= P AA AT AE2 S EY, 2, 4,6,8, 10,
1SURTIA] 2F AAFE0] 5ol A 1 Lo E2of gl
Ho g 4351t oA (nitrite: NO,-N, nitrate:
NOs-N, ammonium: NH4-N: phosphate: PO4-P, silicate:
Si0,-Si) 412 218 250 mL-2 A 2} th ol A
217} 45} glass fiber filter (GF/F) (Whatman Inter-
national, Maidstone, UK) 2 ¢ 1}5} 2 A% 2] % poly-
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Fig. 2. Map indicating the location of study site Gi-heung reservoir (mesocosm experiment) in South Korea.
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ethylene bottleo]] 50 mLA) Lp3=¢] -70°C deep freezer
of| HESIITE = FUH 49> APHA (2005)0] 9]
Astol 2kt B stsich

2.4 MesocosmOjlA] ME3HH Q90| mL|EZ!

vlel|2]o}(bacteria), 455 oF v])AH W= (heterotrophic
nanoflagellates, HNFs), A 5-Z%+5% (phytoplankton)
O N5 Alestr] 9l M 1 LE st AFA
2% 300 mL 2] polyethylene bottleof] Fo}glutaraldehyde
(final concentration 2%) = 114 5}o] 4°Coj|A] &4 B
Barlrt.

stefelole} HNFs ] 29, 71712 mL, 10mL& 23
sitofefe} e o 2 214 ARaEsicH Riemann
etal. 1990). Z+2+o] AEZ-2DAPI (5 ug mL" final con-
centration) 2 5 27+ GAI3T & black 0.2-pm-pore-size
polycarbonate filters (poretics) 3}ol| 4 X5} 1,000
"l (magnification) ] Zeiss Axioplan epifluorescence
microscope 3}of| 4] WA O 2 Hlsgsli= M| ZE A4t
o}, o2k > 200 cells filter (> 10 fields filter")
O M35 Al55}1S3Tt Nanoflagellates 0] 75-2-flagellate
371& 714 Al3Eo|H red chlorophyll fluorescence
(visible chlorophyll) 7} #-2= W HNFs 2 75ttt
(Round et al. 1990). HNFs2} protozooplankton (:
ciliates, amoebae) 2] G-H-& Patterson (2003)2] W
2 Hordl = U] 9] calibrated ocular grid & ARE-3l =
7] MR group3tste] | FoTk o] WHOR =
HINFs o] 42kt -3 A=t iz QAT S S Alo]
of AjzEs s AR BRI 4 ol 2L ol
7iH flagellate 2] =.7]+= calibrated ocular grid & A&
5 2elsict. ABEYAES ASE 9Ia) | mL2
B33} Sedgwick-Rafter counting chamber (PhycoTech
Inc., USA)E AFE-5}9] 200 magnification= IX71
inverted microscope (Olympus, Japan) S}of| A A|4=3}
Ak AH == (ciliates) ¥} FE5Z4TE (zooplankton)
o 45 918 27H L 20 LS 553 A5E A
3t & 15 mL tube2} AF ]2 % 300 mL polyethylene
bottleo]] 22} FolLugol’s solution (final concentration
1%)3} formalin (final concentration 2%) 2.2 11435}
%t} (Nakano et al. 1998). 3 &SI ES MEL
gridded slide 9]0 4] &7 5 23 & (40 ~ 400) 2]
IX71 inverted microscope S}of| A Al4=3}%iTh

2.5 Mesocosm (30 ton) L AEEXUIE =
clory B4

Mesocosm W NQ 2-0 35 5 =2of| o3 A&7
2E 30 WIEE dotur] $18) F chaky A%
(diversity index)E AF&35F14} 31T NQ 2-0 E32
= 48514 92 tETENQ 2-0 85 A 27t A 2
FollA] 27} AHEellon, % Tl Aol A%
Margalef (1958)2] A Ho| 2] 2]3} 5-%=% Shannon-
Wiever 2] 4] (Pielou 1969)2- 0]-8-5}0] AF=E3IT

Shannon-Wiener diversity index: H= — Y PiIn Pi
i=1

$71 Aol A H: TR, n: A & 5, Pi i Aol &
She ZHAllS BleE 2Jufsts, (ni/N) 22 AL (N:
T WO AA| BEF; ni 2+ FY] BEP SR A S 9

ke,

2.6 Oo|H &4

Az gof O3t A AT} EE 4224 (algicidal
activity) © ke 419 2 AR5

Algicidal activity (%) = (1-Tt/Ct) x 100,

ojuf T (H2]7H2tC (W)= 44 NQ2-0 &3
o] HFE U et FFE A ke W o] 27 A2
olH, ti= A 2] 7|13t (day)E 2Ju|3het.

3. Zut

3.1 Naphthoguinone 2—0 (NQ 2—0) 2Z!2| MEHM
Atxg ot

7124 4=2] EAFo]| A 30 ton T+2.2] mesocosm A S
A3}, 2o A diA 257 Microcystis sp. Al 3ES
7} 27] QYT 9.1 x 10* cells mL ™" of| 4] A3 87}
2] A& 0 & AJA5te] 4.5 x 107 cells mL™ 72] A|
T7F 57Vl AT (Fig. 3). o] -, HHaxs}7| Al&kste] 15
o1z} 1.5 x 10* cells mL™' 712 7H23}lc). ¥, NQ
20 BAL A5 AT Ae, AE 27]7.9 x 10°
cells mL™ o] 4] 1 5 HH 0 &2 A 547} 4510
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Fig. 3. Abundance of total phytoplankton, Chlorophyll-a and Shannon-Wiener diversity index in control and treatment
mesocosm. Data are the mean or mean + SD from at least 3 independent assays.

102219.7 x 10° cells mL™ ©.2 t 25 tj8] 99.4% 74
SFoATH(Fig. 3). o] 3, A9 THAIQL 15 YR}ol| = o
2570 Microcystis sp. N2E527}F100% A A ] o] T2k
B 2] kot AE 71 S th22] A, 10€A[7k
| Microcystis sp. 0] 90% o4} X &4 02 9435}
Qo 15UxFNRLS. hantzschii Fo) 51Tt 0]
Q||| Ankistrodesmus falcatus, Nitzschia sp., Scenedesnuus
sp.oF 22 52 7o FRFF R 9 A2 B
of|A 2 EHsIrt (Fig. 3).

Mesocosm Y| Chlorophyll-a H3}& 23t A1},
o 2o A= AlE 271 192.0 + 50.8 pg L 2] o
A 4Ax1417.2+93.4 ug L' 742 Z7latg. 04, o] &
Thasto] AlE £ 2 A9 15U} 124.2+61.4 pg L' 7}
A ask3iet (Fig. 3). NQ 2-0 &4 A 2j+-o] ¢, A
271709+ 23.1 pg Lo B2 HE 5 @A
2 7haste] 15U310=2.9+ 2.1 pg L' 74A] 7F4319
t} (Fig. 3).

3.2 Naphthoquinone 2—0 (NQ 2—0)2| mesocosm
L M & 2L EZ

3.2.1 Hl =5t R0219| Hat

NQ2-0 =4 1F F mesocosm W 2H4 8 31 £4
AT}, 20 - AP 27| 21.7°Co| A FHRIH 02
Zraaho] 15U xJofl = T 2 15.8°C, A2 16.6°C
2 JEE gl o, A7 S 2, A B
15.8 ~21.7°C Afo] & A 2] e} th 2tof| A F-ARRE 7
ko 2 2L Qi) (Fig. 4a). Mesocosm U] 8 Ak
Lr S 27 9283 mgL”, A2] 7.8 mg L’
2 zkEg o, 1074 = gt s =& f-A1H
T 2aAQ 1597 279 Hel 7 2% 181 mg L,
133 mg L' 02 F5slq o), A7 52t gzt
O Ae|+ B FARSE 7 3F 0 2 P Qi (Fig. 4a).
pHO| A9 A¥ 27| 2+ 8.7, 2|4 8.6 0.2 Izt
w90, 10 YA7HA] t 2, A 2] tof| 4] 7.2~ 9.4 A
o|o] MIE F W3} glo] fARt HaFE H it (Fig.
4b). Thak, 1583} g 262, 22| 7=8.8 0.2 T}
A zjol7F BT A7 A E E = o 219} A 2] Lol A]
A8 2 7] 7+ 0.440 mS/cm, 0.436 mS/cmof|A] 15Y9A}
0.429 mS/cm, 0.456 mS/cm ©.2 2 W3} glo] S-A| 5]
%It} (Fig. 4b). Mesocosm U] BH= 9] 749, T 2= A
Hx7] 63.0 NTU A HR1H o= Frtate] 15Uk
84.4 NTU7ZHA| B 7} Z7)81). 18U, NQ 2-0 &
2 Aol A= AH 27| 138 NTUR th2r o) &=
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Fig. 4. Change in physiochemical parameters including (a) water temperature and dissolved oxygen, (b) pH and conductivity,
(c) turbidity and suspended solid of control and treatment in mesocosm experiments.

Ao, HF 2UAEE HrIHo R Fasto] 16.7
NTUZ A 24 =% 2™ mesocosm Y EFHE=7} 7}
A=Atk (Fig. 4¢). T35k mesocosm Y] F-5-E219] 7
&, 2= AP27]0.03mg Lo HAH o &
718tod 624240.06 mg L 74| H-g-2o] Z715} ek
7} o] Z thA] 7h4xstod 15U240.029 mg L 0 &2 w3t
=] Qle} 1ejuh NQ 2-0 8 Aol = AP 27
0.026 mg Lol A] A7z 02 7k4516] 0.008 mg L
B F{EE A Aastelct (Fig. o).

2H74 8213} B 0] mesocosm W JFH L] M=
Aot At bk 4 (NO»-N) & B¢ A d =
2 AT 2439.8+ 58 pg L, 4208 0.4 pg L
2 e ey, o] A9 HAAew
Faato] 159} 129.5 + 3.1 pg L' 74A] 7hAasgl o
, Aol A= 8 YRR F7150] 499.7 + 1.8 g
MR 2L 5 7EAE] 159213329+ 3.6 ng L O
= Qlet (Fig. Sa). AAMd A4 (NOs-N) <] 73,
18 27] g2, 2]t 2 1184.6 + 45.0 pg L7,

Lo jo & i
TN

-

f

e

1154.6 £ 114.0 ng L' .2 2= 9t o] S 10U217}
A 2ot A BE A FEE A e,

S
(Fig. 5b). fr oM A4 (NHy-N)&] -9, A =7
o) 279} A2 Lo A= 212 185.7+4.0 pg L, 135.7
+5.0pgL' 02 2AEglon tjzTo] 41593}
7HA) 45.1 ~185.7 ng L™ o] o] 3ol A H-2] =] Gick
Tt HEjte] A9, 2UARE HR1H o' St
o] 6U2}352.6:+3.1 pg L' 72| 71t 5 oA gh4s)
o] 15U =926+ 6.8 pg L' © = T2=] 9t} (Fig.
5¢). QIAHARI (PO4-P) 2] 79 A 27 219} A 2
Fol| M= 217H163.4+0.7 ug L', 147.3+3.0 ug L' o
= Wl o] 3t A HrlA s T
a1o] 1094} 102.8 + 1.5 pg L' 742] 74435k om 15
UApoll= HE=A] 3kt (Fig. 5d). Wh, A 2)-9] 7
© HRAH o= Z7)5l0] 641 198.0+ 1.5 ng L' 744
7VerAThrl 7 aske] 15921882 +23 pg L' o

“J =]t (Fig. 5d). 74t 714 (Si02-Si) 2] 735, 4l

AN ofn
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Fig. 5. Change in nutrient parameters including (a) Nitrite: NO>-N, (b) Nitrate: NOs-N, (c) Ammonium: NH4-N, (d) Phosphate:
PO4+P, (e) Silicate: SiO.-Si of control and treatment in mesocosm experiments.

Fz7) )zt A2l ol e 212k 1283+ 1.5 gL,
133.3+0.06 pg L' 0.2 32| 9t} o] 3102714
o 2te) 2] B 105.0 ~ 133.3 pg L H 2ol A
oz1E ot 15U 24 19.6£0.3 pg L' 2
2 F43] sk A Bt (Fig. Se)

A% Z27] mesocosm Y HHe|2jote] A 4= 2
ol Aa| T ZHE (1.2 £ 0.4) x 10° cells mL™, (1.5 +
0.2) x 10° cells mL™"' 2 =] 9ict. o] 3 15Ux7H7]
0.8 x 10° cells mL™" ~ 4.3 x 10° cells mL™" = =
3} glo] E Aol A ATHA FA E= A
Qg 4= Atk (Fig. 6a). HNFs ©] 749, AF 27] =
T, A7) ZH2E735.1 cellsmL, 791.6 cells mL™ 0]}
o AR 07 Z75ked 1083} 1130.9 cells mL™,
1602.2 cells mL™' 7}#] 271813t} o] 315U xjof| =
o 2o} At mE 7FASke] ZF 565.4 cells mL,
1130.9 cells mL"' & #2=| ek 242 0.2 vl 2o}
wHstel fAFSHA BE Aol A 2 2to] glo] AR 7]
7FE01565.4 ~ 1602.2 cells mL™ 9] jof|A] T2tz
it (Fig. 6a).

AA AR ABELFAE A= 2T AP 2]
9.1 x 10" cells mL ™" oJ| 4] 8Ux}7Hx] ARIF 02 =7}
31od 4.5 x 10° cells mL ' 714] 2713} B 7k 2 51= A5k
2 1k T8, 27]8.0 x 10° cells mL™ A U=
el Az o A=15U2}4.7 x 10’ cells mL' 0.2 S
AEA Microcystis sp. E2] 7r20l 25t AA| Al=&
I E o] TFAE Q) (Fig. 3). Mesocosm U] A K 5=9]
AL o)z}l ATt BE A8 27] 3.0 cells mL,
2.0 cells mL™ 7} &|57F e Q) 2, o z7Le]
785 A TEAQJ 5 YRR 2 A2 F- A E
HHH, A elte] 9 6 A7 SR &2 Jh A4}
Z7F5}0] 35.4 cells mL ' 714] Z7}F81 Tk ThA) 24
Sh= 3= UER Sl (Fig. 6b). s=2d1=9 4
o o219} A2l FLo A B27] 148.0 individual L7,
164.0 individual L™ 7|42=7} 2Eke] 9l o, A8 7|7}
Fe th 2R Aol A =2 ZHAITE R A = 9
t} (Fig. 6b).
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Fig. 6. Change in biological parameters including (a) bacteria and heterotrophic nanoflagellates (HNFs), (b) ciliates and
zooplankton of control and treatment in mesocosm experiments.
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= HAEZA, TR 755 2L §lo] 9] o (medical
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(O’Brien 1991, Monks et al. 1992, Schrader et al.
2003, Dong et al. 2009) 522 AME-E 11 Q= E2 0]
th HEof Foll=
257 W R Ao E %’4?* é-_*}_%éli i L i 3
50| Y=t} (Byun et al. 2015, Joo et al. 2016a,
Jooetal. 2017). IE§E NQ §- =4 9] A%, A 250t
& AleH 02 Ao} 7sstul, A5 AT AE o
sto] A A8 FrolA FAdo] glrkar HaE it
(Joo et al. 2016b, Joo et al. 2017). L1}, AHA ]9
o AR AT} AEA ] ATfrro 2 A7) A 4
BAl YT ANE AET S gl AA= 7] 7N

[o

L

He ot 5240 7= g}
B At ARl o 250) Aol 3k
Falglonk, 97 Ae) Seko] AN AL U4 44
ol A= oheet a.Qlof o3l Ao} anbrtwm|gt 797t
W 8] QSIS (Schrader et al. 2003). whekA], 7j
begAlo] WA 28l 9, W] EAsHe
25.9] o] 715 9523} tloket R19] mujE]
3

A A G 7R S Bk Aol A 2

HH.0 A A

_nﬁ >
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ot S
flo o rifl
oft EL f
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e}

NQ F=A|2] 79 Ao TE
dhsko] AlEiAlel Az a7t 915 H 9l (oo et al.
2016b), 47| ATH= Aol A f3) 255 3k

2 A8 Ao

OIS IR AR YY| HE-L A 15 ol A g =
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ot} (Prieto et al. 2002, Pilkaityte et al. 2004). |1},
3 Al lﬂ A¥ 50 A 9 microcosm A3 of A=
be BT AR RS 2 AR ol s et
gep0] AR5 ALz aT] 2, T 27
A 50| TSI TH(Kaya et al. 2005). £-3], o
Psio] 714 2 EAIE 2ol 2121 591 4
Mlcrocystls sp.&] -5 AFA HellA A7)
E3f Y A2 el (single cell) 2 A& uf

, ?ﬂ f A ol A= A (colony) | = EA
I (mucous) @< &3l A W &4 270
s} 5 S B0 RS Hast 4 3]
T 1 Ao 7F o Aotk B, 2
] 0 2 & £ t}oFA (species diversity)ol|
o) 3718|319l Aol Fuf olA] 4
Ndol =elaketa] =27l dof A AYel
ALOR SR s 2
AP EZ] 7dbo] @ 7% 31 QI (Kim et
2014) = 0#—_[1-01]/\1 =3 =] mesocosm
o) ey Aol o
ClRE AR TR 2k SAA HAE
(keystone species) R Microcystis sp. Z7H2 A| o1}
S B, AEZFTEO 27174 A (interspecific com-
petition)of| 4] FA A QU thefet Al EEFAE0] 4
Ao| 7153t S-S A|55lH AL, Scenedesmus sp.,
Stephanodiscus hantzschii 5-2) Th& 27-9] 422 7}
o sl ofelgt the 270 Ao 23] 4
A A 2078 A 3291 A= & thtd A14= (Shannon-
Wiener diversity index) = =0 & &1t (Fig. 3).
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A% 57401]*1«] A A Ahx g 9h1 50 NQ 2-0
E4 0] = A v 2= I B el 7184
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ZAef A 2ol A 2 ZpolGlo] AR 7 3ol TaAtE]
Atk ohE15 U2 pH O 79, T 2rol| A ohas A &
A=At ol8jgt A= th 2L W) Microcystis sp. 3

ll m>~

Ol

e x{xﬂ ABZIIE JFHE ] 1A

= dE ASHA| ArE el
e HRlel= 82 G753 (dlssolved organic matter)
apate| efof &g of whet WA ¥ A 0= ekt
(Baek et al. 2013, Jung et al. 2008, 2009, Joo et al.
2016a). Eteo} FHE20) 79, oA A9
Z7|58 FEAZA| DG 1A= 2o, NQ 2-0
22 Aefst Ael Pl s AE F ALY 0B 7
ahIc} (Fig, o). ol2fat AR NQ 2-0 226 23|
Microcystis sp. & Z3Fo] 271514 Al mesocosm U] €
Lol Hpado| /iE A2 Al Eth YFA Tl
o};ﬂ A]—/\—] Al A (NO»-N), o]—Eq o}/\—l A A (NH4_N)J_}
Q14+ 21 (PO4-P)-ZNQ2-0 =& 2] 48 5 A3 27
oz tm] A2t Al A S8 = Sick (Fig. 5). o]
o) AE Microcystis sp.50] NQ 2-0 &3]
«1 Sff AFFE A A Z2FE §EEE FUdHl ol
QA A O T =0 eyl 2AE A o 2 whrhyu} &
RERERE I EREEE e ER
A v G g Aoleh wekEry, o2 A4
QJat AV A (NOs-N), T4} T4 (Si0:-81)2] 7
vz} el mE AR Aaro] BHE A
oleftt Aais, 7ol A, S 59 8 24
T Qe Al 430 ofet Sodokst 210) £Ao)
(Hickey and Gibbs 2009) 2HR33}A] ¢bi= S22 4] A8
) ek A aslet 714 Ago] s e Ao B
el
NQ 2-02] mesocosm Y| Z-& & vtg| 2] o}2} HNFs
«1 A= 2 HSkglo] o2 A 2ol A frALRt
8= B3tk (Fig. 6a). 12U, HESY} 55
5«] 785 2T ] A2FollA w2 AMAlTE
Ark 55], A2FY] BF-NQ 2-0 HE F-2UAHH
MA=7} Z7V817) AZshe] 622} 35.4 cells mL™ 7
A S7¥sk3AT o] 3-8 YA H = s EETLEY 7H
A7} Z71817] Al Zkse] 15221252.0 individual L
7HA S71ekATt (Fig. 6b). 0|23t A= Ad27]
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Alofeto =M, &7 o] GgFo] ohd AYE3HA ZxA|of
(bioremediation) & = IS sHALE =S
FAE] SfR 2344 257 Ao 712k i 274 A
H”‘gcﬂol Al &S A7 AES 4= Qe 3t
O 2 AR 5, NQ 2-0 85 o83t H2A4 o
1§4 ) 1 g0 vherdt 93 220] Aol i

=24 93| 22 tEkAyo o8t 1] )E ukaiA} /et

NQ 2-0 £21-2 30 ton 1FX.2] mesocosm A1 ¢ o] 4]
A 2591 Microcystis sp. £7HE 99% o)A A e 4]

2 A|ofstA o, Microcystis sp. 5] APEol| ThE

2 25 A 5 e B2 AT Micro-
cystis sp. 29 AE)A Alolo] 2 A= E % ok
O 2|45 Z748HIr). Bk ohjel, NQ 2-0 2o
Ofsff AYEsHA], BlAESHA ¢lof w|A|= Pl gl
2 3+olsk9ich tj£9o], 30 ton 7= mesocosm A H S
23| Microcystis sp. T2 99% o|AF o] 71s§to 2
A B 48 7H5AS AFeRo, 7S Sl
71] EA OISR A4 27} A 2] ket B
gz aitel £ sastack olele kg vl
o] &, NQ 2-0 &35 o] &3t A4 o] 7|2 A%
oA AR NE YEh 5= Qe 7= A dAY
77]-x] 7H}§___1—$]_ xg g].] = x] } 24 ZSESR=S| 14_9. i

9 B ol A2t

ZAe| =

B A aAne| 91980 $737) 2 2A1)
A (3l ' FE272] Ecotype (AHEHF) WS 5352
el 2917 37 R 4 A7) ol & 71 2] A
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