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Optimization Test of Plant-Mineral Composites to Control Nuisance Phytoplankton Aggre-
gates in Eutrophic Reservoir. Lee, Ju-Hwan, Baik-Ho Kim, Byeong-Cheon Moon' and Soon-
Jin Hwang* (Departments of Environmental Science, Konkuk University, Seoul 143-701,
Korea; 'MCE Korea Co., Gyeonggi-do 463-760, Korea)

To optimize the natural chemical agents against nuisance phytoplankton, we examin-
ed algal removal activity (ARA) of Plant-Mineral Composite (PMC), which already
developed by our teams (Kim et al., 2010), on various conditions. The PMC are consisted
of extracted-mixtures with indigenous plants (Camellia sinensis, Quercusacutissima
and Castanea crenata) and minerals (Loess, Quartz porphyry, and natural zeolite),
and characterized by coagulation and floating of low-density suspended solids. A
simple extraction process was adopted, such as drying and grinding of raw material,
water-extraction by high temperature-sonication and filtering. All tests were per-
formed in 3L plastic chambers varying conditions; six different concentrations (0~
1.0mL LY, six light intensities (8~ 1,400 umol m 2 s™!), three temperatures (10~ 30°C),
four pHs (7~ 10), five water depths (10~ 50 cm), and three different waters dominat-
ed by cyanobacteria, diatom, and green algae, respectively. Results indicate that the
highest ARA of PMC was seen at 0.05 mL L' in treatment concentrations, where
showed a reduction of more than 80% of control phytoplankton biomass, while 1,400
pmol m™? s7! in light intensity (>90%), 20~ 30°C temperature (>60%), 7~ 9 in pH (>90%),
below 50 cm in water depth (>90%), and cyanobacterial dominating waters (>80%),
respectively. Over the test, ARA of PMC were more obvious on the algal biomass
(chlorophyll-a) than suspended solids, suggesting a selectivity of PMC to particle size
or natures. These results suggest that PMC agents can play an important role as
natural agents to remove the nuisant algal aggregates or seston of eutrophic lake,
where occur cyanobacterial bloom in a shallow shore of lake during warm season.

Key words : phytoplankton aggregates, removal activity, plant-mineral composite
(PMC), concentration, light, temperature, depth, pH, algal species
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237} vebd dj7kx] g Alzbe] e, AEx )

E AT AW 2AA (Gu, 1992; Datta
and Jana, 1998; Nagasaki et al., 1999; Drikas et al., 2001;
Sengco ef al., 2001) S0l THAAS Bel Q2% 7]e)
who] 2731 gl

Aoz SAAE o438 ehA faje] FANA
A 5L Fuwe] vofsl 84 qlasg) o] 8k-g- Hlkl-r}

o]F A FF Ty, U540 2, pH, W]
=, NOM (Natural Organic Matter) 32 dg] &u{al <
gFolzlolo} (Letterman et al., 1999; Pernitsky and Ed-
wald, 2006; Kim and Lawler, 2008b; Kim et al., 2008a).
w3 AA ook AN FAVL He 2570 9 3
AL B9 AR 2704 7 2o dx 34
gl oS w]A £ ovh gebd dfRE A4
71 A geFst dgkqiale] wislel] ulE @y el of
3, 78] o% A9 Helad 74 (Stumm and Mor-
gan, 1996; Letterman et al., 1999), -2-31A| 9] FHciArlL
(Morris and Knocke, 1984), 220 (Lewis, 1989; Mc-

Lachlan, 1995), 2|2]8]-8- $7} 5 o3 #4418 doz
4 8le
HIT 7] (201002 7129 spsba SAAn} spgraa)

o] 7B Sl A BEy) 98 A AlE
G, b, wa3h 3 e (3R, A eete) &,
HUPA) G o] 28 HAEAEIAE ANLslelv). ol &
A Ee] gfsla 9l: elztAl ¥ (Allelopathy) (Rice,
1984; Inderjit ef al., 1995)37} FEZLo] 38317 gl=
<A 9 2R} =, 1998; 23} 7, 2000; 7 =
2003; & &, 2003)% FAlo] FHAE BARA, 24 =
HEEe] Blge]l e 47184¢ $A 2 M A9
248 /A3 99 (R %, 2010). B 2 HdA o)
ofibi= el AA Hgsr] HaME ek 27, &
8] ook Al BFejdgl 20 7hekEt A3 «
F7F AAE] eE T gl

R I R R R s e R s
< 37) S8 WA A gseg AAT 3
7Gx, 2, 74, pH, 253 W3] ot
2 H71E SARERE v 2Ae] g $E &S
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o] S AR WA Asls FxAE 58 274
of & A&t FHold EBAL AAsIH(Ofcarcik,
1971; & S, 1973; diet al., 1997; F 5, 1999; 7] =, 2000;
Z % 2003; Sung, 2005; Karaplnar, 2009). A ¥ A=
+ AEA sl
Abs) VR (Quercus acutissima Carruthers), 33} Q)3
27 (Camellia sinensis (L.) Kuntze)ol™, $-Exwql 3}
% (Loess), ™uF (Quartz porphyry), A} 2.2}o] E (Zeolite)
Aotk AAE AlE FEARE SXER 2~33] A
s AL oL, 100°C dry ovendl] 2A]17F oAb 71 2 A
7 Willy mill2 Z# 2281 100-mesh = A}
BHg 7 8o 2 50g3 10L £2F54F 70°C sonica-
tore)) w3 & A& ol& 10A]7F sonicationg 1A A
8ol 9l BAle] Bl F83] 48€ 5 U=F st
uh-g-o] it BA-L 55l el Maste] A
B lebekdl F A Bl Algsle] FHEHoR 1L
7F BA sigich oot e wiow F&T B4 6714
e vlg g E33 ¥ GFF feAf q3A2 o3
& gz YA BgEgdd Alxd B A
AL A ZFp HLF5A v
Al &, 2010). A712] AlE 2 B2
= MCE Korea (http://www.meek.co.kr/)ol| A]
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22 He2e $AY Chla FxAolg o)43fe] A4k
shed oml, AARLe g ).

ARA (%)=(1-T/C) X 100

g AellA Cx thx279] Chla = (ug L Yo, T= 3
2]+9 Chle %% (ug L Y)o|th Chle 3£+ Standard
Methods (APHA, 1995)]] 2] A 3}od 2Z 3 A|22 GF/F
filter (Whatman Inc., England)2. o #}&}ed 90% o} &
<yl 2447 o Wigkael N F23 F 2087 94
£2]7] (VS-5000N, Vision Scientific, Korea)2. 2|8 3
Arzal-& B33s)w A (Optizen 2010 UZ, MECASYS Inc.,
Korea)g ¢]83le] FH =g 43} AAlslgiv).

7189 SARASS A 8 F 23} ug2e)
SS s =(mg LHE 248 3 AA #7]% sxor =
3 Bl AAEe vl&E AAlelgt SS R
Standard Methods (APHA, 1995)¢] we} ®]g] 100°C dry
ovenol| Al ZF8led FAZ A GF/C filterS o] £5}0] A]
EE o473}31 Al 100°C dry ovendl| A} 24A]7F A Al
71 F &A% A filter?] FAE W ke A9
o= o] AAbstgirt

4. g

DEEAY
Rz (AN, ) EZ4(Chla B %: 75 g
L%, 30 NTUS] ©)8 245t 3L (14 X 22 X 15 cm) 2=
Fof FdsA A3 HEE =} 0mL LY, 0.05mL LY,
0.lmL LY 02mL LY, 04mL L™, 0.8mL LY, 1mL I,
o] HE5 HAEHEIANE Aelslglon, 2 =4 3
34 W Aok 228 25+1°Cgod, Fr

70umol m? s7'o| v}, 2FAAEE A3 Hs] AQ
EAEA Ay A A" F 1, 2,6, 124178 Fo 2z
Aeg A7) Chla 528 ¥AaQE A=e] 43
Al ezl 30 33g HAFS] Y5t A3E=
£ d43 FEE o]g3te] HFH (ZZFNA 5em o}ef)3}
9} (Table 1).

2) 3543
3Lz AAE A2 Aoz 7k T mHe] AL
S YA g A7l FFE s om, T
(0, 8, 16, 40, 100, 200, 1,400 umol m 2 s 19| Fx== |2}
slgoh Agle 7b 208 33 uhEell A, 22 28+
1°Cgt}(Table 1).

3) 244
3L ol Fei 24 (YFE, M) 2355 A%
a1l 37FA] 2%(10, 20, 30°C)E %A X incubators]A] A
P AAE e AR BF 33 ubEs)s]al, FEs 70
umol m 2 s~ *¢d v} (Table 1).

A

4) pH 2 ¥
3L ol Fook 34 (Y35, A9 250F A%
32 1N¢] HCl, NaOHE- ©]-8-3}ed 47}#] pH(7T~10)Z 7}
Zh A8kl AEE B 33 NbEsiel AL, 2 20+
1°C, Fx+ 70 umol m 2 s '¢ =} (Table 1).

5 A"

o}z Az FH AT (XE: 10 em, Eol: 50 cm)S
Azteta, Al 2 mid AL Hoz= &g A7)
Al 7H & R A (Y75, )9 2ESE Y

o} 22 20+ 1°C, F %= 70 umol m™2 s71¢3 v} (Table 1).

Table 1. Experimental condition for the optimization test of plant-mineral composite (PMC) to remove the seston of

eutrophic lake.

Experiments Concentration Light WT pH Algae Depths
Light intensity 0, 8, 16, 40

Vo 70 70
(umol m2 g1 w0 100, 200 & 1400 70 w0
Water temperature (°C) 25+1 28+1 10,20,30 20*1 15~30 22+1
pH 9.1 8.6 8.7~9.0 7,8,9&10 7.4-9.0 9.2
Dominant algae CY & CH CY CY & CH CH & BA CY,BA&CH CH&BA
Concentrations 0,0.05,0.1, 0.2

’ S . .0 0.05 0.05
(mL L™ 04,0.8& 1.0 0.05 0.05 0.05
10, 25, 30,

Water depths (cm) 15 15 15 15 15 40 & 50
Sampling time (h) 0,1,2,6&12 0,1,3,5&7

CY; cyanobacteria, BA; diatom, CH; green algae
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1=
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6 =% 43

AR 27 & 279 925 44 d=ot ¢
oFd A7) (FF%: 2010, 2. 10 U7HE, 2 15°C; F=: 2010.
8. 15, 4~ 29°C)9] €& Apdgien, s2/y Aol
ok 8} Chlorella vulgaris (48 21°C)& o|4-3}ic). 2+
A 2% 33 ukEsielar, Fets 70 umol m? s
o} (Table 1).

3%, 52, pH, $4, 5% A¥ 25 JQB8AELA
o] H4% % 0.05ppmo|glom, 2FAAE 2AH S 9
s A A - % Z 53(HA, A= F 1, 3, 5, 1A1Zh9]
Z2A $4 bemelA dAF] A8E AF 3t ChlaF
ZAstgct m3t A 9 AARA LA kg FAE

71 8 m25) vl=h2e] S8 358 B8 ch(Table 1).

TR

1. 274 A&

FTRAFHAAN 2FAAES BE APLNN HAasA
E3A A4 1A IR A veld o, Aldgs A
(12hr 3744 &2 AAEE $A81d0 2 Hefe=d
FF 2FAAEE 0.05mL L'k 81.00%, 0.1 mL L%
96.50%, 0.2 mL L' 84.40%, 0.4 mL L% 87.50%, 0.8 mL
L% 94.40%, 1.0 mL L™\ 92.10%=2 jehgdel At
TE EFA 80% o] ¥ AFE B we} 3
F Aol M= olF 7HE ¥ =< 0.05mL LS A
S5z FU3IT

FEAYANN 2FAALEE 2E oA HAEAE
A A8 1A F5E wA Vel on, AgEs Ald)
F ER 90% o)AE YehAth(Oumol m2 s 97.14%, 8
pmol m™ 5711 95.00%, 16 umol m™? s7*: 92.72%, 40 umol
m2 "1 90.23%, 100 wmol m 2 §7': 91.28%, 200 pmol m™2
571:93.75%, 1,400 pmol m™2 s°%: 93.21%) (Fig. 1b).

F2ARNA 2/A AL 10°C MM 147 7
3 FRE 80% oo A vEhgoen, Af F= A
7H B T4%% et 20°C APl 254 A&
< 10°C AYA A 14127 Aot FHE] 86%% ¥
& Fg vehdon, Ay S8 AR FF 14%E e}
Wt 80°C Melgelld 2FAAEL 142 A Fo
14%2 7V ¥ vl Alzke] Andes 3 o
obzlem, FF oF 60%2 M1 10,20°C Aol wis) o
& 32 AALES el (Fig. 1o).

pH AN 2FAAEE pH 7~99]4 1A7F A=

Mo

YHH - g2ap
FHE 90% o] 4] ¥ e vEhlon, A¥ 3 A
7HA] BF 93%2 BA vViePdoh 28y pH 1094 1
AZb A2 Fol 82%= 71 B2 AAEE YERIT A
Zbo] AAGPE Yopr A Fa Ao 36%2 WA
et} (Fig. 1d).

AN ZRAAES A A BRI 1417
A 33E] 90% o|Aber Jeltown AY Fa A7t
A A&Hom 90% o144 ¥ AAEE vehdd. v
e 4 27019 " 10~50cm W SloA B2 A
& Uehd Aoz Hol &R AFTAFA Foll A4
| & 27471 &294% Ve Aoz Addo (Fig
le).

ZFF Zolo] whE AFM F2F PGS
Aulacoseira granulata, Synedra acus)®] ZFAH A &L 5
AZE A Fe) oF 40%2 7HA wA velder, P
ANAEL 11%2 A gt d27F SRS
Microcystis aeruginosa)ol| X} ZFA A& 1A17E A3}
Foll oF 82%F el F Alzte] AHESEF HH 71
3lod Al g Aloll: oF 91%9] 7L Jehied, HF
ZRANEE F 86%2 A e 52F (A
Chlorella vulgaris)o) ¥ 25 A &L 3A|7F o] & <f
88%% WERGL o] F A F= Ale: oF 96%2 A
A&& vehlv) B 2747182 oF 8393 (Fig. 1f)
(Table 2).

hJ
t

kil
o X

>

2. 471 SRS

F=AFAN 7184 3L 8umol m? 57 o4
RE Bz vebgel w3 Fxrt FeldsS o @
2 oko] f7)go] FAbstgla, 21 whel 1,400 pmol m
sloll M 3 f7182] 78%7) HAFste MR A e
wob Z2#u 3ol A9’ 0umol m™ s A= 100% 3]
A8} 5H (0 umol m™2 571 0.00%; 8 umol m™2 s7%: 52.71%;
16 umol m™? s7': 68.49%; 40 pmol m % s°!: 74.00%; 100
umol m~? s7%: 69.13%; 200 umol m 2 s°1: 74.47%; 1,400
umol m2 s7!: 78.14%) (Fig. 2a).

24N F7] AL 10°CY 7% RASEA] ¢a
Brlstalon, daest Aed A w39l 88 ¥
7} 2% AxR v vEE vepdigich 20°CelAE Ad
EAEPA A7 F 4718 BRI} VeRd o
o uhe} Hax vagls o JE2FS 230 SSEE
H)&o] 4% R0 f7]8e] SAH A7t et
A RA o] dolut A ZolM e 34 SSEHET) 46%
= velyith 30°Cel M = 20°Cet fARH S48 #71
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Fig. 1. Algal removal activity (%) of plant-mineral composite (PMC) with different conditions. a; concentrations: 0.05, 0.1,
0.2, 0.4, 0.8, 1.0mL L%, b; light intensities: 8, 16, 40, 100, 200, 1400 umol m2 5%, ¢; temperatures: 10, 20, 30°C. d;
pHs: 7, 8, 9, 10. e; water depth: 10, 25, 20, 40 and 50 cm. f; algae: cyanobacteria, diatom, green algae.
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Table 2. Relative algal and seston removal activities of plant-mineral composite (PMC) with different conditions.

Seston removal activity

Experimental conditions Algal i;m((_)j::]il e)xct1v1ty (% SS)

v @ Surface Bottom

0 97.14 0.00 100.00

8 95.00 52.71 47.29

C . 16 92.72 68.49 31.51
Light int

(lei ; ﬁf;’fi‘f;y 40 90.23 74.00 26.00

100 91.28 69.13 30.87

200 93.75 74.47 25.53

1,400 93.21 78.14 21.86

10 95.74 84.74 15.26

25 94.59 93.53 6.47

Water depth (cm) 30 97.48 87.13 12.87

40 95.10 93.26 6.74

50 95.81 95.46 4.54

10 74.71 0.70 99.30

Water temp. (°C) 20 74.50 45.78 54.22

30 50.50 56.25 43.75

7 93.08 46.72 53.28

pH 8 93.81 40.17 59.83

g 92.26 47.07 52.93

10 46.47 4.30 95.70

Cyanobacteria 85.57 40.90 59.10

Algae* Diatoms 11.22 151 98.49

Green algae 83.52 34.41 65.59

*Dominant species: Microcystis aeruginosa (cyanobacteria), Aulacoseira granulata, Synedra acus (diatoms), Chlorella vulgaris (green algae).

g 9 2= F M B2 AESE Jeplo(Fig. 2b).

pH A& pH 7~9 Aleloll N HAyazr) el
o9 2Zo2 BARE SSEwo] ulE-S 40~47%2] WS
ehdt} (pH 7: 47.72%, pH 8: 40.17%, pH 9:47.07%). 1
2} pH 1064 f7182 el A= A7stedr). o
of mel &30 88§ % v]&E 5% WA Yehcl(Fig.
2¢).

FAARANME R SR ] BE SAleA
vebgeh 2308 AR 885w Hl&L 85~95%2)
HIE vehdon, $4 50cmel N 5 §71829] 95%
7b SRt 7H A vebdoh (10 em: 84.74%, 25
cm: 93.53%, 30 cm: 87.13%, 40 cm: 93.26%, 50 cm: 95.46%)
(Fig. 2d).

7% Aolo] GE APl FHEAL FEF 94
+($8F: A granulata, S. acus)ol| A REo] npet
7¥ehekghom, ol whel o] S8 ¥ x H|ge] W
I A ZRM 2% Axe e nEe
ubh =2 B (- C. vulgaris)9} FEE(S

]_

aeruginosa) AL He]LolA] =213}

£37} ekgon, 1o wek 229 88 5= )] 7
7t 34%, 40% = "PE}‘;&‘:} ol W2+ wlmsl °F 5~8
w oAb =2 nl2g ehd 7 o]t} (Fig. 2e) (Table 2).
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Fig. 2. Seston removal activity (%) of plant-mineral composite (PMC) with different conditions. a; light intensities: 8, 16,
40, 100, 200, 1400 umol m™? 5%, b; temperatures: 10, 20, 30°C. ¢; pHs: 7, 8, 9, 10. d; water depth: 10, 25, 20, 40 and

50 em. e; algae: cyanobacteria, diatom, green algae.
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£ ARTANE AEA BeA goks Hel Sl
AN 7128 P ol hebge) mF HEA oA
AmRA el olba ol Wt 78] HARE ¥

olA = g e Ed (0 umol m™® 57 0%~ 1,400
umol m2 s71: 78%), o]2] 8 PAF= o) u}2 zFo] 43
A wszlel Hgo] 9l Ao wWikgvh uleba] WS
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Fig. 3. Photographs of cyanobacterial micro-bubbles formed with PMC. A: control without PMC, B: PMC-mediated algal bub-
bles attached to aquaria-wall (side-view), C: floating cyanobacterial aggregates and micro-bubbles with PMC treatment
(upper-view).

A7 2 e &g fr8e] Al gle] Fadt
& 3k Aoz velhth 35 3¢ s 9 F
ZF3 vA7E e AHEg BAE setslr] ¢
F7H4 77 Bo ¥ RAog Aok
YWE pAlste Fod Hge] vk SFeln W B
FEot ZFZE Tl o) FatEe] gL SR
AA] Zqet 22 oyl Alglel] A48 50em o] s}e] ut
T AL gle] F33] v =2 4 9l Al
o, ool whe} BE SAlIA 90% oY) ¥ =H
AAEE Hehllon, §718 RA4EE 2E 4l
85% ol oz A vehdet b o] A
F A 2 Qe @3 fAleM 2t & Zlez w9
"ot ok 38 A4 A48 9siMe o 722 Al
o] agAFo] o g oz AlmEglr)
3alEde o)-43 23 AR A BAle
= EEET ol A A W R Hd
ae{ste] AAstedof g} Aol $AA] ARgo= <l
AR-SAHA Y oFel Told A £AM AE - $EIe
L] Aol F2AY HIE oA & glen
(James et al., 1991; Welch et al., 1995; Holz et al., 1999;
Cooke et al., 2005), o5 ] 431 AlgEAE= 2%
€ doi 7Aool A (Lewis, 1989; McLachlan,
1995). & ATl FF HAEA 29 A4 g
uhE AeislsiA W AAAdE skl e élfé‘?ﬂ*} 5
= F 7P P 359 0.05mL LY Agewa
T Aoz Buse.
AP AT HEA FE 429 20°C ool 2
FAAEH ST AR 5A epde) w3 pH
o] Bfelle pH7~994 714 £ a4% Jepich 4

18

X

£ 2
(‘ﬂ_‘, oL

e —{m
L 2 o oﬁ

I pHYE SHAIE o] 838 SAE FAA 49 &
& YR M 292 AAoleh AYRTENA >
o] FolAH IHIIAI} FolAH, 0] g AS
3] Zgo] oA A HoHs Lolduia 3
91} (Morris and Knocke, 1984). pHS] #A%olx 7 22
AN ¥ T &S Ve a(d 7, 2009) 2 pHellA
£ A °] L7 A7 (Black, 1960), -2 pH
oAl LA &g o] #8}% 51(Stumm and Morgan, 1996;
Letterman et al., 1999) 710 we} o] Bo LAAE Hg
£ ol "eh AR derd AR 2Ese e
20°C o]}, pH 7~9) AYLTFE3} 442 49l olei, ol
T 2AME 27 H F7188] Aol & dejge
A7 2o} A Agsted AR o) HAF Y. vk
H 98] 2AME SR Besidon, 2/
BBl A FAAA g vjEe] e YA HH
7hebek ®gpo] vielydt) wheb HAEA EgA S A
& o] & A7) 25 o= Qs pHIF ¥
oA Al H4 A afHez 2/ ¥ VIEAS
SAYAA AA & 5 g Ao AsFHY
ZF7Ze w2 AN F2F (93 A granulata,
S. acusht =ZF($AZ: C. vulgaris)o] B8 F2H
$-AZ: M. aeruginosa)| A 7V 2 =FA A (¢F 86%)
9 4718 BRI 4%0F ehich & Al &
Aol % M. aeruginosat A0 4T S WA
A7) 3, H4s microcysting A sled AAA, FF B
AstH o g Azg FAE oA dHeA FEEel
o} (Shirai et al., 1991; Carmichael, 1993; Walsh et al.,
1998). o] 2 Ale] 3122 223l gas vacuoles
& 7HZ Jle] 2i2 RS 2AY S glew, 39

fo o rlo

N

‘T’



ZRHHsE #

shAd o] wolAw, pEH o g HGsle] scum$ HAF
g d## glv} (Thompson and Rhee, 1994; Visser et
al., 1995; Klemer, et al., 1996; Wallace and Hamilton,
1999, 2000). o]} 28 Fz R0 HeEMs| HAEAE
WA wisst AP T SARARAE e
Rez PorElch Wl b e mgAA (o 119%)
#71% 2RI} 202 el FaFE RO
gas vacuoles®} 72 3.6 7[%xte] ¢l 37 (Reynolds, 1985)
BT 53 s PA9 o1l seol 300 2

= SRR Hejer —rzﬂoﬂﬂ A 2HE UrE} =
FE M. aeruginosad &R0z AAT 2 9)e Ao
2 A= gl

AeHor HABAIIANE o] 83 =fFAle]l 2 &
SR 9le] Agrwr 0.05mL Lz A%}

k=

At =3 A zAEE = B 1,400 umol m 2 57,
4 (50 cm ©]3h), 2 20°C o|A}, pH 7~9, Y277} <
Ao 2700A 7B 22 2F5AA &9 2 SARA
T Rl okl 252 nooksld S =
T oA AlY] SA =z AR B9E Yelde] o

o A Aol g A e

B

sAl017 e A
R
ey Aoz A

7~10, 412 10~50 cm 18]35 ZFF2 cyanobacte-
ria, diatom, green algae®] 71 W9 oA 22 235l
o AP 0~1.0mL L1 Sxela] B 80% o] Abe]

EFANAEE dell ot A e RS
o 7 B2 59l 0.05mL LY BA ez oy

£ Holgao| Hus) 39

9e}. hei 1,400 umol m2 s ol A] oF 9305 F-oo
20~30°Col| A oF 60~ 74%, pHE= T~9 Alolol| A <F 93%,
SA 50cm oJ5h E $AAN 90% ol 4, £FFAA
cyanobacteria’} 9435l A|oA o 8692 T2}
b e 2RAAEE dehlom, S0 gas AA
A bk o149 AN RATAERAE 5
FEUT 258 AAA o ERGolgon, 53 £F
25348 27 Bhl JBE oA Row @
o A% AARAEPAE ool Frohe oo
), cyanobacteria$} green algae7} 4
¥ 23E depd Qo AlsE
53 &9 Ao Bag oz

o

jr&l
p
DN
O
OO
Oo

o o ¢ £ oo e 3 FIF

o
o 2

FIF
%y
>
i
oo Okb

ofk

-
il
1)
2
—1ﬂ~ e

Ab AL
F AT 20108 % SFA TE22ARME Akl
71ee] AuA AE d Hede] dgtow

¥ &
o N,
L
32
o

o

A 3R, A, o3+ 2003, SRz HE AT A
ol Eel ¢35 CAID ¥ CudD FAEA. -3 3

JgL'ru

A5, o35, 1A, §olF, Feal 2010 FHA BB 3
2228 o4 2FAT AAS Frk 2

&4 3.4-5}3]%] 48:221-231
7471, 744 %. 2000. BEE o]43F 432 o A A Tt

7297, 27534 16: 703709,
224, B, AT 2008, €419 L AT Azts)
493 543 5887 Wk AgeRan 36

)3, 1;}2 wl, wbA o, o]Alel. 1998. B x et
25 Microsystis sp.2] AAAY. 23738k 3]%] 14:
399-404.

#34, 2459, £23]. 2003, SEANZ 3 H2AYE A A,
o) 5ha1d 255 %] 25: 358-363.
SAA, 712 2009, GeekFrlE e 906l o|F 37 pH
{494 3] BE/NA. DAL s 5157 23: 39-46.
A, 2A1A. 2003, Wb 23 o)) speAd R gl SrEkAd
7&”‘3--%1] 13, b2z, sh=rs-4-A7d 3l a)«] 46: 257-

261.

Food, AdE, & A, ol

o]-2-3t +%2] Pb &

N
2
Ho
=3
E



40 ol

61-67.

A<f, FElE 1973, n]AJE Tannaseo] ©J&F A1E-2] Tannin
4% Halo] T3 AT A1R; A 52 Tannin £
o ma YAETe RSk B A4S 0T Wk
AR 32 EH33) %] 5: 258-267.

Anderson, D.M. 1997. Turning back the harmful red tide.
Nature 388: 513-514.

APHA. 1995. Standards methods for the examination of
water and wastewater (19th ed). American Public Health
Association, Washington, D.C.

Black, A.P. 1960. Basic mechanisms of Coagulation. Journal
of American Water Works Association 52: 492-495.

Carmichael, W.W. and LR. Falconer. 1993. Disease related
to freshwater blue-green algae toxins and control mea-
sures, p. 187-209. In: Algal Toxins in Seafood and Drink-
ing (Falconer, LR., ed.), Academic Press, Cambridge.

Chorus, I. and J. Bartram. 1999. Toxic Cyanobacteria in
Water. F & FN Spon Publisher, London.

Cooke, G.D., E.G. Welch, S.P. Peterson and P.R. Newroth.
2005. Restoration and Management of Lake and Reser-
voirs (3rd ed.). Lewis, Boca Raton.

Datta, S. and B.B. Jana. 1998. Control of bloom in a tropical
lake: grazing efficiency of some herbivorous fishes. Fish
Biology 53: 12-24.

Drikas, M., CW.K. Chow, J. House and M.D. Burch. 2001.
Using coagulation, flocculation, and settling to remove
toxic cyanobacteria. Journal of American Water Works
Association 93: 100-111.

Environmental Protection Agency of China. 2000. Chinese
environmental annual reports of 2000. Journal of Envi-
ronmental Protection 7: 1-6.

Gu, J.X. 1992. The Characters and Applications of Nonme-
tal Mineral Materials (in Chinese), Wuhan University
Publishing Company, Wuhan.

Graham, L.E., J M. Graham and L.W. Wilcox. 2009. ALGAE.
2nd ed. Pearson Education, Inc., New Jersey.

Holz, J.C. and K.D. Hoagland. 1999. Effects of phosphorus
reduction on water quality: comparison of alum-treated
and untreated portions of a hypereutrophic Lake. Lake
and Reservoir Management 15: T0-82.

Inderjit Dakshini, KM.M. and F.A. Einhellig. 1995. ACS
Symposium Series. American Chemical Society, Washing-
ton, DC.

James, W.F., JW. Barko and W.D. Taylor. 1991. Effect of
alum treatment on phosphorus dynamics in a north-
temperate reservoir. Hydrobiologia 215: 231-241.

dJi, B.J., W.H. Chow, AW. Hscing, J.K. Mclaughlin, G. Dai,
Y.T. Gao, W.J. Bolt and J.F. Fraumeni. 1997. Green-tea

consumption and the risk of pancreatic and colorectal

B
rigk
o
JE
foi

Ho

EF

pe
AL %T'_'xl

ol
cancers. International Journal of Cancer 70: 255.

Karaplnar, N. 2009. Application of natural zeolite for phos-
phorus and ammonium removal from aqueous solutions.
Journal of Hazardous Materials 170: 1186-1191.

Kim, J. and D.F. Lawler. 2008b. Influence of particle charac-
teristics on filter ripening, Separation Science and Tech-
nology 43: 1583-1594.

Kim, J., J.A. Nason and D.F. Lawler. 2008a. Influence of
surface charge distributions and particle size distribu-
tions on particle attachment in granular media filtration.
Environmental Science and Technology 42: 2557-2562.

Klemer, A.R., J.J. Cullen, M.T. Mageau, K.M. Hanson and
R.A. Sundell. 1996. Cyanobacterial buoyancy regulation:
The paradoxical roles of carbon. Journal of Phycology
32: 47-53.

Letterman, R.D., A. Amirtharajah and C.R. O’'melia. 1999.
Coagulation and Flocculation in Water Quality and
Treatment, 5th ed. 6.9-6.61, American Water Works
Association, Denver.

Lewis, T.E. 1989. Environmental Chemistry and Toxicology
of Aluminum. Lewis Publishers, Inc., Chelsea.

McLachlan, D.R.C. 1995. Aluminum and the risk of Alzhei-
mer’s disease. Environmetrics 6: 233-275.

Morris, J.K. and W.R. Knocke. 1984. Temperature effects
on the use of metal-ion coagulants for water treatment.
Journal of American Water Works Association 76: 74-79.

Nagasaki, K., K. Tarutani and M. Yamaguchi. 1999. Growth
characteristics of Heterosigma akashiwo virus and its
possible use as a microbiological agent for red tide con-
trol. Applied and Environmental Microbiology 65: 898-
902.

Ofcarcik, R.P. and E.E. Burns. 1971. Chemical and physical
properties of selected acorns. Journal of Food Science
36: 576-578.

Pernitsky, D.J. and J.K. Edzwald. 2006. Selection of alum
and polyaluminum coagulants: principles an applications.
Journal of Water Supply: Research and Technology-Aqua
55: 121-141.

Rice, E.L. 1984. Allelopathy, 2nd ed. Academic Press Inc.,
Orlando, Florida.

Sengco, M.R., A. Li, K. Tugend, D. Kulis and D.M. Ander-
son. 2001. Removal of red- and brown-tide cells using
clay flocculation, I. Laboratory culture experiments with
Gymnodinium breve and Aureococcus anophagefferens.
Marine Ecology Progress Series 210: 41-53.

Shirai, M., A. Ohtake, T. Sano, S. Masumoto, T. Sakamoto,
A. Sato, T. Aida, K.I. Harada, T. Shimada, M. Suzuki
and M. Nakano. 1991. Toxicity and toxins of natural
blooms and isolated strains of Microcystis spp. (cyano-



bacteria) and improved procedure for purification of
cultures. Applied and Environmental Microbiology 57:
1241-1245.

Stumm, W. and J.J. Morgan. 1996. Aquatic Chemistry, 3rd
ed. Wiley Interscience, New York.

Sung, K.C. 2005. Characteristics and analysis on the refined
oil component of green-tea. Journal of Korean Oil Che-
mist’s Society 22: 241-249.

Thompson, P. and G.Y. Rhee. 1994. Phytoplankton responses
to eutrophication, p. 125-166. In: Algae and Water Pollu-
tion. Advances in Limnology (Rai, R.C., R. Gaur and
C.J. Soeder, eds.), Heft, 42, Springer-Verlag, Stuttgart.

Visser, P.M., H.AM. Ketelaars and L.R. Mur. 1995. Reduc-
ed growth of the cyanobacterium Microcystis in an arti-
ficially mixed lake and reservoir. Water Science and
Technology 32: 53-54.

41

Wallace, B.B. and D.P. Hamilton. 1999. The effect of varia-
tions in irradiance on buoyancy regulation in Microcystis
aeruginosa. Limnology and Oceanography 44: 273-281.

Wallace, B.B. and D.P. Hamilton. 2000. Simulation of water-
bloom formation in the cyanobacterium Microcystis
aeruginosa. Journal of Plankton Research 22: 1127-1138.

Walsh, K., G.J. Jones and R.H. Dunstan. 1998. Effects of
high irradiance and iron on volatile odour compounds
in the cyanobacterium Microcystis aeruginosa. Phyto-
chemistry 49: 1227-1239.

Welch, E.B. and G.D. Cooke. 1995. Effectiveness and longevi-
ty of alum treatments in lakes. Water Resources Series
Technical Report No. 145, University of Washington,
Seattle, WA.

(Manuscript received 26 January 2011,
Revision accepted 10 March 2011)



