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A Case Study of Biologically Derived Algicidal Substances
(Naphthoquinone Derivative) for Mitigate of Stephanodiscus
and It's Ecological Changing Monitoring
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ABSTRACT: Blooms of the small centric diatom Stephanodiscusis quite occasional in winter season in temperate freshwater
ecosystems. Often, it leads to degradation of water quality and affects quality of supplied drinking water. In previous studies,
naphthoquinone (NQ) compounds have been shown to be effective and selective for controlling winter bloom species
Stephanodiscus hantzschii. We conducted a 5 ton scale mesocosm experiment to investigate the effects of NQ on native
Stephanodiiscus sp. collected from Nakdonggang River in water. After treatment with NQ 4-6 compound (0.2 uM), the cell
density of Stephanodiscus sp. was rapidly reduced from 5 x 10° cells mL" to 0.2 x 10° cells mL™ for 10 days. Additionally, NQ
4-6 compound did not affect physicochemical factors (water temperature, dissolved oxygen, pH, conductivity, nutrients) and
biological factors (bacteria, heterotrophic nanoflagellates, zooplankton). Therefore, these findings suggest that the NQ 4-6
compound has potential as an alternative algicidal substances to effectively mitigate natural Stephanodiscus sp. blooms, and
the application of NQ 4-6 compound will restore the healthy aquatic ecosystems.
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(o, & AL pH MVHEE, UG HE=RC! (RIHIZI0F HNFs, 25, s=2238)0| ek DIXIX] EU2H,

CHETRE M0l RARSH ZEI0] AT &, NQ 4-6 SEO| SIE MBS 1R Stephanodiscus sp, B2| AMEHX X020t

OfL|t =l MZ0| MAIKQL 0| S=2 Aok eezM 744t o~ HEIAIE YMok=tl 2 defs & AR HHE,

SHlof: MAEE TIBEA FO, Stephanodiscus T LIZER|= REA|, OIETS

LME 837] 915k 7|02 Tleel Al 2283} 2o
A A3k, A (antitumor), 352414 (antipro-
Seiyele Toket okt we 2okel 74 9185, liferative), SFEATA (antiplatelet), FAZA] (anti-
W 9 AR 52 o] thEE FPgE} Hof f71= inflammatory), & 2714 (antiallergic), Ze}e]of
D Fol AZgt Alsto|t} G38l 25 oAl (Harmful %)= A (antimalarial) 5-2] 7] (O’Brien 1991, Monks
algal blooms)-2 A U 25 &4 5= Z719} o] - F et al. 1992, Dong et al. 2009, Menna-Baretto et al.

o] MPg 0 2 b 9l0 2] 7} B2kt 22
£ WA 7IT) (Bourne et al. 1996, Dawson 1998,
Choi et al. 2005). T3}, A4 o] 74| w4}, S FA
5 24 M4 o] thepe) S 41417k 20 wle] 4714
) 2] 9 Al RS A A T 9 T
2A] 71 E o 2] 9t} (Lim et al. 2000, Lee et
al. 2001, Han et al. 2002). £3|, H4&7| F% Step-
hanodiscus sp. 52 -1 (Sommer 1986, Leitao 1995),
o} 2]7} (Kilham et al. 1986), o}AJo} (Kang et al.
2005, Jung et al. 2009, Kang et al. 2012) 5 A A A4
o vt gtk Seluele] A9, 4B 9
of| A A2 Z=7 ol A7) HAYsh, At Aol A
¥ls}o] 28 ofE A=  fleloR B TE T 9]
T} (Han et al. 2002, Ha et al. 2003). E3] v d Y57}
of| Al $-5to] T AEEFTLEL 95% o)l el
Stz WS A8l vhx] T vl eFet A A H 24 9]
& FAaste Aoz deA 9l
Jung et al. 2008).

ol 275 Alofste Wl o2 27 AlALS o]
SE7VAA A, 250 Ak o] S0 A Y, A
24, A, A 5] E8S o]-8-3t 2F5H4 Ao
W, v g=o] sk EE ol o3k 24,
AE FY AR =S QfIA e & Folsto] A Ask=
Qlt}(Sigee et al. 1999, Gumbo et al.
2008, Foflonker 2009). &x}7}] Thokst Wb ol A T}
&t 7ol A E o, A9 Alo] A, 7
A, =74 WA o AR ol ol Aol A A7t

=1
=

(Cho et al. 1998,

o

53 714S S8 Aotk uetd, £ ATALS A
£ WL A S TR A S A @]

2009)%4F ofuf e, thekgt Alef, 8], Hholg|A 5
o= FHAQ Ao AIE Hol= AE FEd
Naphthoquinone (NQ) 271& 7]5ko 2 81423l
MEL 52 Aol 245 75kt (Byeon 2013,
Byun et al. 2015, Joo et al. 2016a, Joo et al. 2017). ~1
B, 2% A E B A 2ol o) Az avle)
U2 A=oHA] a9l v =S Q. ¢lof tigt H7h=
o]50] 2] @3k Tk A, 2 QoA T Step-
hanodiscus sp. |15 218l 7idE &40 % 4§
73S B71sH7] 918l mesocosm A E-S F3f &2l
8L} 51T Mesocosm A H-2 AA| @A ol A A
YA A 2H])9] 753} 25 Thesh A AR A A
L CEEEEER L EEE LT EER

5)71 9le}. B4, sjatHel wek Bo AR B
(T2 45, CO, 5= 71 MEf 3lshad 5)o
AR Aol 281512 v A S-S BAe)
vl o]t} (Ahn et al. 2001, Naito et al. 2003, Orihel et
al. 2006). B, Q-8 257 HYSE A YSE o] 85t
AR A4 ShelEl AxE] &
AR A el A ASShaL, 28 Al A
o a9 =/gof ofgt el A wgte] of
g 2315 AA 28 ool 1T 4= 917] Wizl
(Odum and Odum 2003, Willis et al. 2004) 41341

Ao A WA 2§ Ao]2] Ho] 2 5 4 gl
2 Q3 A3lo|t} (Han et al. 1995, Wirth et al. 2004).
2 AtelA= APA WellA S. hantzschiioll st
o] 2.5 Alo] A7} A FNQ o] 4 77t
Aol whE Alof B} 4 FAF YA v A= gk
2 HIlstaA} AR dAtof| 2R 8)= Stephanodiscus
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sp. &0l 5t mesocosm A E-& =5t NQ &2
o] 8754 BRolstarz) sl

2. M= 3 A

2.1 Naphthoquinone derivatives (NQ 4-6) :
6—((4—chlorobenzothiazol—-2—ylamino)meth
yl—5—8—dimethoxynaphthalene—1,4— dione

4-chloro-N-((1,4,5,8-tetramethoxynaphthalene-2-
yl)methyl)benzo thiazol-2-amine 861.1 mg (1.95
mmol)T}acetone 20 mL-2 Y37 A1 204 H,SO, 164 L.
(2.93 mmol), H,O 4 mL, CrO; 203.2 mg (1.95 mmol)
et o] EES A0 A 1417 iHIAI 5 meth-
ylene chloride @} &% 3% 3t 30| methylene chloride
F& Wol o gl g0 2 R AAT o
HAHz 813 sRkas A A=rE 1l 1] (hexanes:
EtOAc=2:1)& Asto] 52 shotas At 2F
AIENQ4-6 =] 7| F2=Fig 17 Zom, &
Al ARE-3E naphthoquinone -+=4= 24T ofal

2wy Aol A st Ale Rt

2.2 Mesocosm A&

Stephanodiscus sp.ol 2|3t m= WAL Z|- o |
F9Iw Aole] 54 B2, AL 5 Tl A HASA
0k E3]) Y57} (35-37°N, 124-131°E)ol|A] & &A=
HEAY A A SHTE. 5 ton i mesocosm A F-2> F4F9] A
E2H3E 77 (assemblage) 7} ThE @ 91 W3} XA}
2 =m0z SeyEgon, 2413 AL HAF 24}
S A9GE7F(35°13°347N, 128°59°09”E) U] A %] 5}
2230519tk Mesocosm A& 43L& 935} FRP (Fiber
Reinforced Plastics) A& 2] $iH ¥} o}fido] £ &
)] 9] 778 Y (cylindrical) tank (217 2 m, 0] 1.8
m)E 2 FONQ 4-6 57 AT 212714 A5
2| o]l 25T (Fig. 2). AA 4 2710] AL

o] OMe
o]
H
‘O N\’J“l\‘/ﬁj
O OMe S
Fig. 1. Common chemical structure of naphthoquinone
derivate.

S317] e} tank ] HHehS 917 sedimentol] 1A
A vheta) Eilo] 12 e 2 SakAch NQ 46
AL 3 LY R & F0jE T, Stephanodiscus
sp. 20|14 x10° cells mL™" W& &2 HAJF AR50 A
) Aol F 2 0] AR IS LB 02 uM S5 2
NQ 46 24 Gl BAS R B v

2 AM 11:009] 2 L beaker2 345 A4=5}9ch

2.3 Mesocosm (5 ton scale) L H|AHSSHA 20|

s

T2, pH, A7|AE%E, g=, 844 portable
multi-parameter (HORIBA U50, Japan) 2 & 0 Y 2}-5
Bl 10924704 v &7 8ksich. =3t AEoll A1
Z17}] A1 70 PVC pipe o} 8510] 45 4 3
A|A A Z- uberol| 7HGES: (bottom-dwelling) 748
S5 F-AIA U S S G YR E 10927t
A ol 7+ ASare] ZrofA] 1 L9 polyethylene
bottle =2 =31t} G (Phosphate: PO,-P, Silicate:
Si0-8i) &A1= f18l A= UAfol| 250 mL& Ao -9}
o 2Tto| A 22 A3 glass fiber filter (GF/F)
(Whatman International, Maidstone, UK)= o1}-5t
3 AbA] 2] = polyethylene bottle o] 50 mLA] Lo —
70°C deep freezerol] 2E35}FITh RE gofd B4
APHA (2005)0] 9] 7J5}0] k7 HATISic.

MR

2.4 Mesocosm (5 ton scale) L MSSH 2901 A

J

vlef|g]ok(bacteria), S5FYF 1] AH H = (heterotrophic
nanoflagellates: HNFs), 41E-Z3% (phytoplankton)
O MZE Alrshz] s A& 1 L Al 3, AR 2]
300 mL 9] polyethylene bottleo]] Ho} glutaraldehyde
(final concentration 2%) = 1145} 4°Cof| A &HA B
T

Western Nakdong river

Fig. 2. Experimental site (35°14'25.62"N and 128°59'47.95"E)
and the Nakdonggang River in Busan, South Korea.
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uhg| 2o} HNFs Q] 4% 2722 mL, 10 mLS &
2okt ofefle} ke © 2 274 A3k Riemann
etal. 1990). Z+2+2] =2 DAPI (5 pg mL™ final con-
centration) 2 5571 GM3E & black 0.2 um pore size
polycarbonate filters (poretics)a}of| A 33}, 1,000
"l (magnification) ] Zeiss Axioplan epifluorescence
microscope S}of| 4] WA © 2 HSgsl= M| ZE A=}
ATk thek, > 200 cells filter! (F=> 10 fields filter™)
O H|3E Al4skith HNFs 9] 72, flagellate =7]
£ 7171 A|3E0] ™ red chlorophyll fluorescence (visible
chlorophyll)7} #=H HNFs 2 7+=35}%3 ) (Round
et al. 1990). HNFs&} protozooplankton (&]: ciliates,
amoebae) 2] -3 -2 Patterson (2003) 2] HFH | 2 H ot
A= W9 calibrated ocular grid& ARE-3) 27] HE
groupﬂ—é}o:] Huls) Z=9ic), o] Bl 0 2= HNFs2)
B 5 AT = AL AMES ARelo] Al
5 ‘Eﬁﬂ S RIT 4= Sl F2 otk i
flagellate @] Z7]+=
2] é}od 1;].

AEZHEEY A E Sl 1 mL2 2518] Sedgwick-
Rafter counting chamber (Phyco-Tech Inc., USA)&
AR5} 200 magnification 2 IX71 inverted microscope
(Olympus, Japan) 39141 A2=3kck th Z7al
Stephanodiscus sp. o] /A A EEHIE *gg
2F 22 €]t Chlorophyll-a H3E &A451% S
HE A HE 10U7HA] B3 whaksllt), Al EZe
2L2] 54,2 %8} 707 (Olympus IX71, Japan)©]
200-400 magnification ]| ] Sedgwick-Rafter Chamber
(PhytoTech Inc., USA)E 0|85} & $E71K] 54
S, 5 Sl 4 Fatek 438 G0 Ko] o]
A = T2 S FE (sp) 22 AP sk

calibrated ocular grid& A3l =

2.5 GIO|E| S
NQ4-6 =4o] gt A% A T AZE (algicidal
activity)-2 T} 4] 0 & AAFs}S T

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

OWT(XH-TL)SE}C(WJ:TL)%—. 2t 240 T
= ok HFEA] Gk w2 27 Mo, 1=
Xi 2| 7|13t (day)=E < vt

3. 2 1t

3.1 Mesocosm L NQ 4-6 SZI°| MEHX XH|O{
k=anly

AI=7)F A ol A 5 ton TFEE 213 = mesocosm
AHE AFA Yol A o] Aaket fAfstA TEE Sl
Q -6 S8 HESIA] 9F2- 2T Y| Stephanodiscus
e ng 7] (4.4+0.1) x 10° cells mL™ o] 4]
1t 793} (4.3£0.05) x 10° cells mL! =2 xﬂ
152 GAJSFCE7F At ghassto] A SR AIQ]
Fofli= (1.3 £ 0.09) x 10° cells mL' & 7P£\_o}ME}
(Fig. 3). 7121}, NQ 4-6 =32 H53t A 2] Lol A=
tAF 22291 Stephanodiscus sp. }—0] AlE 27](5.0+
0.3) x 10° cells mL' o]} 4] % 3 1 Y20 = (3.0£0.7) X
10° cells mL"' & 7FAs}e] o, o] & FASA 7hAs)
o] AF 2T A2 10U Ao (0.2 + 0.02) x 103 cells
mL" 02 A 27} o 2 AP E| QI o] 5 vl o 2
A}y 25291 Stephanodiscus sp. o] gt Az a5 E4
ot Al HE FY-L2 Stephanodiscus sp. Zof| tjs}o]
2ot ojv] Az A vk R A] ghorou HE 1Y
741} 5 36%9] Az A a7 #kE| Qloh (Fig. 4). 0] <,
ARA o7 a7t S7tste] A SaAI10Y
Apolli=81%9] Az a7 = §{rk. B, mesocosm
W o2 2570l gt G2 ALY W= R T

S

“l

i e m*z—:
‘mﬂ u&

N

—
=)
S

—_
=)
™

—&— Control
—O— Treatment 4-6

Stephanodiscus spp. (cells ml'l)

-
B

01 2 3 4 5 6 7 8 9 10
Time (days)

Fig. 3. Changes in Stephanodiscus sp. abundance as a
result of the algicidal effect of NQ 4-6 compound (0.2
UM) in the 5 ton scale mesocosm experiment. Error
bars represent the standard deviations of duplicate
samples in separate experiment.
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80 1 == Others algae
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Time (days)
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Algicidal activity (%)

-20 A

Fig. 4. Screening of algicidal activity (inhibition ratio %)
of NQ 4-6 compound (0.2 pM) during 10 days in the
5 ton scale mesocosm experiment. Error bars represent
the standard deviations of duplicate samples in separate
experiment.

3.2 Mesocosm L{ H|AMESHE Q0lo]| C{

ron

=

00

EasAR: XOPOﬂ /ﬂ T= Stephanodiscus sp.& At
S

=
cjoFsl E2- Q— +4 Q9] (physicochemical factors)_J
A 7te] W= W 31= H2ks19) oF Mesocosm U 4=2-9]
785 HETFNQ 4-6 82 FET A R
| AR 71T S vl A A A= Lo, ATt
S5l web10.2°Co| A 13.7°C7HA] F7F6k3l eH, o
ZTEENQ 4-6 A5 A 23 A oA R AR
Al 2= et (Fig. 5). A7 A== A7 5t
Y 27-2FNQ 4-6 =485 A 2] 3h Aol A frAlsHA
=G oH, NQ 4-6 28 é%—:} T 0.398 +
0.003 ms cm™ o] A A1F Z7 A2l 10U 2}of|:=0.340 +
0.015 ms cm™ & £E ZF2351¢ Tk @24 A Y=
Sl AR R on), 49 2
71143 0.1 mg Lo 4] 22A]Q1 10U ol = 11.6 +
0.06 mg L' & 7}4-8}= #gko] J&é@ At pHE| 7
% A7 Fe -9 A 2t LA 7.5001 4] 8.2 A
ol & Al A Sl o, thzot A2l Z Afo] 7}
TEE R k) (Fig. ).

NQ4-6 =219] A|o] thia} 27?1 7= Stephanodiscus
sp. 0] Ao 714 2 JRES 2 2= Q) Jokeol o]
AFH <1 (Phosphate: PO,-P) 2} 44~ (Silicate: SiO-Si)
5 sHE BESIITH Fig 6). 71 A3, QAR
A9, 4% FARE 109471 B2 0.1 peg L

=2 719 FAIEN e, NQ 4-6 Ed& #=|gt A

18 —@— control
~O- treatment NQ 4-6

Dissolved oxygen (mg l'])

-])

0.42

0.40

0.38 -

0.36

0.34

032 T T T T T T
22
20
18
16
14
12 4
10

Temperature("C) Conductivity (ms cm

Time (days)

Fig. 5. Physical parameters including dissolved oxygen
(DO), pH, conductivity and temperature in the 5 ton scale
mesocosm experiment. Error bars represent the standard
deviations of duplicate samples in separate experiment.
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£
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g
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Fig. 6. Nutrient parameters including Phosphate: PO4-P,
Silicate: SiOx-Si in the 5 ton scale mesocosm experiment.
Error bars represent the standard deviations of duplicate
samples in separate experiment.
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—@— Control
O Treatmetn NQ 4-6

R i B
Zooplankton (ind. L) HNFs (x 102 cells mi”!) Bacteria (x 10° cells mi™)  Chlorophyll a (ug L)

6 1 8 9 1
Time (Days)
Fig. 7. Biological parameters including chlorophyll-a, bacteria,
HNFs and zooplankton in the 5 ton scale mesocosm

experiment. Error bars represent the standard deviations
of duplicate samples in separate experiment.

3YARLEE ol A 7 sl AlEtstol of
Z2FE50pg L, A2 =70 pg L' o) w2 Ty
Atk o] &, A 717k Eet i 2to] HISINQ 4-6 &2
= Aot AdFoA e B2 TR A =Sl
(Fig. 4).

3.3 M=stH 22lof| o

9

%Iél:

o

Mesocosm W] AA| A 22T =] A ETF Hal
21 918]| Chlorophyll-a %2 F-A5t A3}, 27
oAl HE U 21.06 = 0 pg L'oflA 29 At &
29.15+1.21 pg L' 742] Z71atd.0t, o] & Az 74
She = Halth (Fig. 7). o] &, A F=A1 10

Zpoll= 13.25 + 0.67 pg L'74A] Z-4steick. e
NQ4-6 54 HET Ao =HETFL20.72+
0Opg Lo A1 19249.99+£0.01 pg L' 2 F2A3HA 7h4
3, aZ Zrsto] Ad TRAIY 10€Atl=11.33 +
0.34 pg L] w7} P Qick

dhe|2jofe] -, th21LENQ 4-6 =4S A 7et

A B A AF7)IE 5t FARRE 7 aFo] TakE
AT}k NQ 4-6 B4 AZ F (2.4 £ 0.2) x 10° cells
mL" o] A=Y o] A AF FRAIQ] 10D 3ol &= =
(2.1 £ 0.4) x 10° cells mL™, 227 (2.6 + 0.08) x
10° cells mL' 2 2 ¥3} §lo] mE AgLof|A] A5}
Al FA == A 2l e 4= 91 dek (Fig. 7). HNFs &
Al dhe|efof Bkt FASHA AR 717 54 th et
Aot BE FARE 7o = IR QT (Fig. 7). NQ
4-6 A JENTY 2 A2 2F(8+0.1)
x 10 cells mL' o]l A A3} Z2A]9] 10U 3}ofli= =
J=9.1+1.2) x 10 cells mL™, H&]7-=(9.2+0.7) x
10° cells mL™' 9] A=A =7} Pate] et FEEga
=9] 7%, AF7IZ S 2 TLENQ 4-6 222 A
2]k AR B F 7 A o 2 Z7FsF3IT (Fig. 7). NQ
4-6 =49 HF FY s ESFIAE NEF 2+
123.9+3.3 individual L', x]2]7-93.3 + 14.6 individual
Lo A A3 2 A]0] 10U xJofli= T 251 746.2 + 78.7
individual L™, 2]2]7-691.8 + 74.3 individual L & o
ZAef A el ol| A B F7Fehe AR A ko] whk

%
ol
]
ot
L
2
)
L)
oL |
3
oZ
i
=2
1o
n =

[e)

T ful
of elgt 13l, 414J510] A ek ulAE ol RS
Q1917 0.2 Rojato] A|7|sts MBS Aofuro]
Qlt} (Sigee et al. 1999, Gumbo et al. 2008, Foflonker
2009). L, T Re] 7] 0] ) R AlolE
3t 7| & 2 AR 12 Stephanodiscus sp. A1 & ¢
3t A= Pseudomonas fluorescens (Kang et al. 2007,
Jung et al. 2009), Pseudomonas putida (Kim et al.
2004), Stentor roeseli (Kim et al. 2004) 5 o F-5 2
g|2]o}, A g} -2 A=A A o] WHH T Atk o]
gt} olzfet AEeHA e % AEAY] 47t
Sake Il Aol 4] A4S AxH|AE o83t
ol A o FA I W O = =01 % 3l QLo AA7IA|
Aol A3 o83t Abell= =3] Tat Aol E3,
25 Aol 213 54 AEE9] A8 AR 5 el
A i 27 AEAATR Tegt 101 BATRS 3L



78 J-H. Joo et al. / Ecology and Resilient Infrastructure (2020) 7(1): 72-81

25}7] of 29w, ELH) AT WAIE AL SHA] AL
8T 71 Tl 391 ATk 7] 4Jek (Kim
and Han. 2003). A4 2 7] 7]8HH thest 5% Alo] 7
% e Al A 9] A Aol A T =
ol el =2 Aol B YSstA o, A2 8%
o AR AU AA| A ol A= TheFet 2910 ofsf Al
a7} va|3k Z Lot 13_‘?1_8] WIAIE}AT) (Schrader et
al. 2003) 7H Fe A B2 o) A 2-8of OFA], @A
Sl ohort 2219
e e HE A8 RS st Aol
T Fasirt whebA, 2 AtolA= HE AEE =
Z-& & Ao]| ]38k mesocosm A E-E E3) A ol A
of b 9 Al wishe Bkl stojck H L,
natural sediment”} ZA5H= 271 0 2 4318 mesocosm
AT TS WY o 27 Alof w3} il of
Yz, A @l A] ARG Al sediment W TheFRE 291
Eoll &Jalf M3k 4= = Ao s 2 & 4= 3l
Agolch. 5, Sao] 443kl Wl BAHE 2t
% gl 202 AR Y] At Aol okl
T AROIA O] T 2 W Al B A
2 ] HhAy 7]»—3]-5'.11]764 3lo]-& Hts]—EX% oz

—TLOHH AF8-5 A E-3-2] &2 naphthoquinone
= 0131 7HA] 7155l 2J8l ©]°F# (medical supplies),
A| ZA| (herbicide), A=A (antimicrobial agent) 5 T
OFst 8= 2 AT 31 QJT}(Schrader et al. 2003). Bt
ofuieh, AHelelold ALshael we-S 2K B
2 g 20| (Harn et al. 2010), H|E}T K&} S-AFSH 3
gtA L& zra Qltkal B 1w it) (Combs et al.
1976). o] &g SA4-2 njg o = Ao A AT =
z Zﬂ o7} 75 %1 0 & ke o naphthoquinone2

22= duelt. B 97AE AATE B

]-,1_—«] naphthoquinone -3-%=)| (1,4-naphthoquinone
1} 9,10-anthraquinone 5) = t}2 7 4% W3}
2 Al F=A4E 5L, AEA U microplate,
microcosm A2 E3|| W< X Stephanodiscus sp.

of st Az & 15 531 TH(Byun et al. 2015, Joo
etal. 2016a). 3L, Joo et al. (20162) 2] NQ 4-6 &2 A}
= A5 3| v\ 25 Selenastrum capricornutum
=2.8 uM, FEEZYE Daphnia magna+14.0 uM,
14.6 M) LCs) 22 B39l 0.

0]%= Danio rerio=

™, 0]+=mesocosm A g of| FF
o EERA TR AR dik S40] §18 HoR B
Sra}olch 22U 2% A NQ -6 Be] W]
K ARz E NS} Bo| S Tefe e o) )2
AR SR R0 2ol Sl
discus sp. 7} S-S IS4 LA W ES 7=
ohe] A& AAIelo] Azt vl R
21 chstol Aala} sheick
AE7 Aol Al =3t mesocosm A2 A
A v AT wEe.E NQ 46 2E HEHE 02
HME 350, 4% 102 474 9-81%0) 52 4
2T S (Fig 4). 42 0] 5719 A
2 A E B2 4 s R910] 24151 Aol
O] Al Qo] &= BLs}ar AEA] Ulmicroplate, microcosm
5] ATk} SAHAINQ 4-6 24 1% 19 5 o
Al 232 Stephanodiscus sp. 2] FA%H A7 32 9L
o}, o, &2 Y Stephanodiscus sp. 7§ X571 6L
o] 3 T 7l o] PaEglo, olajg 2
T= ofeiH o] A AZof 2% HE) 2] mesocosm A
H7h oI5 B2 Sl Aypksia) ZaheA el
= oﬂo]:oﬂ AN _1:__4 1;]. ]._g_o]oﬂ h;gl:-—loi 71—/\?5]—71

-0

© 2 gehE ol #at ol gl Joo et al. (2016a) 2] #%¢

3H0.2 M 9] 5=k

m)'

>.

4= 0|83t microcosm AT Aulel HAsHA HE
U RE A 257 Stephanodiscus sp. S-S AEA S
2 Alojshs APyt EE I dxanyt Mg
Sl Thoret lo] Sl HAGlo]E Breki AFA
) Aztet gatet At} ke 2L dol A o] A2
7Fs/g o) ul9- ke A 2Ju|ah, NQ 4-6 £ 2]

Stephanodiscus sp. Ao Aol o gt A o] F71 Y
SE ek Ak A, NQ 4-6 =82 uM =
T A FEORE i 2 7E A O & Aofst
o] thE A=l tiet Yk Fasket 4= glom,
BAAH R BG4 Q= 7ol IkETh
thoFst @ Qlo] A 5= %S| mesocosm A ¢l
o= E-HSFILNQ 4-6 28 FEe A tollA 4=
£, §E4, 7 HEE, pHeHRE B2 20 P2
o} AR A0 R HIRS Blakct (Fig. 5).
chak, olAkd @1 (PO,-P), TFARTEA (Si0--S1) 2] &JoFy
O AINQ 4-6 =2 HF7h A 2] ol| A= i =te] H]
o A 7R == A= TSkl (Fig. 6). o234
V= 7|80 A AN FARE A2 A, & YR
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ZA5VE F2 Stephanodiscus sp. 0] NQ 4-6 =2
of| &fafj Apd ol whet Fd ol S Aoz TekE
. O| & Ql3l, Stephanodiscus sp. N|EZHE =5
ool oJa YA M2 2 A ZHE AL
T, doll A o] ¥t 7hagh 9] Well A

S 29 Wsl2A AlEA 0|2 e gl Aol
gheielch

T35, e 2o}, HNFs&= A3 7|7 59k thx+
NQ4-6 BHL HETH ATToIA SARE MBS
B QT (Fig. 7). #5F ofy 2}, 5552152 A3
FRWIA et Aelold aHos 7}
= A Al olzek A& Q1o MEdS
|5=0] & |, EPA, OECDo|| 4] 2|45k A A& 0] o}
o o] 2AJak TR B o] 851l 1Ko
2 A v 2= =S B7FF Tkl A2, Ao
SFLA} S4=Stephanodiscus sp. A|3E 0] 2] 2] T2 Y&
Sol Al e ulA7] 28-S shelsiirh. webA,
& mesocosm A= Sl TR0l M Y] d2avf
THo|t =L 270 o3k =2 WY A< el =
3 B AR A ek ZA7F gl3o] ARlE gl o, 5t
2 Stephanodiscus sp. o1& 3 NQ 4-6 &2 o] 2]
S5 02 AL Aole ek

R

o b orr 5

BN

oo 1o

:

o

2B

AE&H 13 Stephanodiscus sp. 2] WAJo] )5t
ZAAA gellE wraAl AEE NQ =24 522 0.2
uM FEof| A tiAt £91 Stephanodiscus sp. E0]) t)5}
o >80%2] 2 A2 AIE UERITE NQ #1224 =
4 AT ) wbofuiek Ao wuHE Wz 12 5
U= ThekRE 8 Qlo] EAfsk= @A E w2 Aol &

I e 2 AEA A @RIA A8 4 9
S
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