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Effects of CellCaSi and Bioflocculant on the Control of Algal Bloom

Myung-Hwan Park, Seog June Lee!, Byung-Dae Yoon and Hee-Mock Oh*

Environmental Bioresources Laboratory and 'Bio R & Ds, Korea Research Institute
of Bioscience and Biotechnology, Yusong, Taejon 305-333, Korea

Abstract - The effects of CellCaSi and bioflocculant on the control of algal bloom were investi-
gated in enclosures in a small eutrophic pond. The bioflocculant produced by a bacterial strain S-
2 was finally selected to remove Microcystis aeruginosa which was a dominant species of algal
bloom in the pond. Enclosure experiment showed that phosphorus concentration decreased
dramatically from 131 ug1-!(Control) to 1~14 ng1-! in three CellCaSi-enriched enclosures.
Chlorophyll-a concentration also decreased from 215 ugl-1 (Control) to 59 ug1-1 by the addition of
CellCaSi (1 g1-1), bioflocculant (2 mi1-1), calcium chloride (1 g1-1) and ferric chloride (2 mg Fel 1) in
Enclosure 4. From the results of the mouse acute toxicity test of the S-2 biofloccculant and the
goldfish survival test in enclosures, it seems that both the S~2 bioflocculant and the CellCaSi do
not show any severe toxicity in water system. Consequently, it was concluded that the
bioflocculant and the CellCaSi could be used to control algal bloom in eutrophic waters by

removing phosphorus and chlorophyll-a.

Key words : algal flocculation, bioflocculant, CeliCaSi, phosphorus removal

o) Rejost WA wx:: RS 2%
Fol 9% YR I §Uoz FAN TAsh
= 1

AEFZ#TE] et A o] LS|, o] Foi
A FERFE 2F 52 AL o130 2 T EAA
% do7l3 ITH (S = 1999; Oh et al. 2000). =3

Aot Wy 1AM eE £F JYYRY S ¥
Zo) 279 AAE JASHE AAADPYF w20y
Fol o8 AASE AFAPRE 1A S e,

* Corresponding author: Hee—Mock Oh, Tel. 042-860-4321,
Fax. 042-860-4598, E-mail. heemock@mail kribb.re.kr

714 SN QIR FEE FFE AW
ol whAsi. 128 AHAAE] ARAMEe 34
Well A 27472 A

¢

‘_o] 7~E/-17<°P

HE 4 QIR AR 274
o] Agtaslez ode|A 3o} (Schindler et al. 1971;
o} Al 1996; & 5 1998). wptr], odokst® FaelA
F% Q9 FE Far AEEHIES dF F4SE o
Ak F23 $otoz vIFT 9ot

429 ¢l2 Al Ca, Fe, Mg 59] 3382 o] 83}y
17 72 4 ok APt o] $Ak8} o] (OH)7}

A o] 2 (POL) Tt AHEs}t pormz ofEFH
Stod A=Ak} Q1A 20) 7 (Als (OH)1z (H2POg)st-2 3

ot
3
}O‘I
o
>

offt

¢

A

=

(T O o

olo

— 129 —



130 s - OlME - 2 - 282

At A& AAs= &7} ZARH(Hsu 1968), pH 6
o|3tell A w}F EAI3= Al(OH)Y AB+YE 3 AE
o] EAlo] & 4 U} (Cooke et al. 1993). Fex= <lA}
doll W3t A= e] Al mmz Qle] FAA| A &
A o] 31 (Hsu 1975, 1976), 3ol A} £A 35S 3
718t ]l = FAe 27 S JARHE Bue
8]} (Murphy et al. 1990; Wu and Boyd 1990). & o
Al, Ca, Fe, Mg 313188 F8 AEo= 3+ ARG
FA (CellCaSi)= )1 AlAN &7} Qlge] Ry
(£ % 2000).

HE2E AA] Y3t #AbE, alum, A 3], Jpzkat
2, d4YE Fol F2 AMEHI A, FAFE
olfel m|AE HAo] EAA|E I (Karan et al. 1998),
g7 A2 AAAFES F2 29y 2{HY
Microcystis aeruginosa®] =4-¢l microcysting A2
W23 7hsA o) A 71E %l (Lam et al. 1995). o] 9]
=AM EErEAll AAE s8] AEAVE SAEkE
9} e EAE oz 3] wEe] 3mLY
A9} HAZEo| HA3T} (Chow et al. 1998). mebA,
ole} Z-& FAAE R3] H3te FAAAY =
7oA dAEAZA FEA o9, YL nPES
AA & 18 4 U

E AT A7 szt e] ulist 45& o4
© 2 enclosure A3 & 48]} CellCaSig} v] B2
A EHzA] &5 A &, A9 A A
FAEE CellCaSis} =F-3A e Feddle n|YELA
g Aol g olBeH +4, YFb-a FE T
H3ts A o8] AHS-9 CellCaSig} w4 E-%-
AA e 54L& =8
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1. CellCaSi2] =4 2 daa7)

CellCaSi= M3, AAM 3], AALANT 59 dgs &

£ 8i0:9} CaO2A 77| 45~55%, 25~35%2 3
5}3 9lom, ojulel] Al Fe, Mg 18|31 K9] Abz}Eo]
d¥ Zg=o] gich(Table 1). CellCaSio] £8]% =
©2A pHE 8~9, H]|EFE 0.35~0.450|0], v]Zm A
50m?g o) T, 4 59 152N T34
22 Zv7 Quh B AFeAE . S(2000)0 o4
40 $E AREH}L $503 oz 2AE AR
7] 1mm o]3}2] CellCaSi® A&-3}ic}.
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Table 1. Chemical composition and physical characteri-
stics of a porous silicate material, CellCaSi

Parameters Characteristics

Chemical composition (%)

SiOq 45~55

Ca0O 25~35

AlyOs 3~4

Fex03 1~2

MgO 1~2

K20 0.5~1.0
Physical characteristics

pH 8~9

Specific gravity 0.35~0.45

Specific surface area 50m?2g-!

Water absorption 1.5 times of self-weight

Table 2. Composition of each enclosure

Enclosure no. Composition
1 Control
2 CellCaSi+FeCl; - 6H:0
3 CellCaSi+FeCl; - 6H20+bioflocculant
4 CellCaSi+FeCl; - 6H20+bioflocculant

+ CaClz . 2H20

CellCaSi (1 gl1); FeCls - 6H20 (2 mg Fe?t [-1); bioflocculant (2 ml
I71); CaClg - 2H,0(1 gl

2. | QESHA BAEFE ok

o] Y B-2-A 3] MALFSFE Toeda and Kurane (1991)9]
AHEE A S AR HFsle] wleksldeh Bl E-SAA
T 250-ml AbHERt AT SAA QAT S-2 F
F-2} wckg wiRE A7hsle] zehlofrlelA 30°C,
120rpme] Aoz 6Y3F wioksted AR wioflN
& Agshinh

3. Enclosured ] 9 A543

S AR $AT FEAAN RodofE dxe A
et EetiEloz AZA AA 20009 953 En-
closure (Z ¢]: 1.0 m, AAR-X7A: 0.55 m, §}3-27A: 0.5 m)
E 47) Axslgdh 7 enclosure: 16018 92 ES =
F3i0], 4719 A E-2 Table 29} 7t} Enclosure 12
A7t AEo] ¢l tixFol3, Enclosure 2= Cell-
CaSi(1gl1)$} FeCl; - 6H:0 (2 mg Fel-)E X33},
Enclosure 3-2- Enclosure 2¢]] v]AE2X1A4] (2mll HE
Z7}519 2, Enclosure 4= Enclosure 3¢l ¥.x-2-A A<l
CaCl; - 2H:0 (1gl"H)E F712 A3}

BPAYE wxBol s BRY 4714l 20008
849 23U RE 99 26Y7MA] I} AlB2E 5~10
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d zZtAo=2 F 63 HAA AFHserd, 4919
enclosureol| A} Z}7F 114 AFH3le] APgA=s vt &
EAo)] A}g-3lg )

4. 5284

2, pH Y AAERE A7) AEE547] (YSI 63)
AHgste] dRA A SRS 8 &
AbaEA 7] (YS195)2 fAelA &Asglct
YFa-0 FEE AT A8E YPid w3t
AgAz e9tgt F, Whatman GF/CE 0134?'5} Ne2
SEEE

r})l mlm

chloroform-methanol (2: 1, v/iv)2 &3t &
7] (Turner 450)2 &2 393} (Wood 1985).
Z2AA2¥F second-derivative methodo] &}&} &33}93
3 (Crumpton et al. 1992), ZAAFF-& Szechrome NBA| 2k
o g ¥Aldle] Z4]8}9 o} (Wynne and Rhee 1986). %91
£ persulfate®ol] <3 Jakdo =z AASAL I (Men-
zel and Corwin 1965), ¢JAr3 3} w}=7}%]| 2 phospho-
molybdate®] & 2 &3] 893} (Murphy and Riley 1962).

5. CellCaSig} F7)o}22] sk

CellCaSis} 22 F7)o]2 FoA Q 2 XZA A

EAAQ AL AP st FZAO AFelA
E ABE AF3Ig 8768 A8 150mle)] CellCaSi
o} Frlel &g 7] vE 2AR AU F 1Y%
woFste AV HER, 4540 55, A FE 5o £3
w3lg zApslgct

6. sHAY

B SR ok Qe maLA
254l Microcystis aeruginosa s Ao 2 sl =zl
wieF7lel A 64 Ft vk ik g 102 3 As)
of 272 204N AHeeke

L2 AL M. aeruginosa WioFeY 50 miE = &S
100-ml Bl o] AHo|| w|BE-3-A A wiFH-& 77t 3]A 5]

1 F 1mlE A7), ARolA] 187 wuksE 3 108
ZF AAAA SAEAE AAAZ o)A vz
Bl 23R A M A8 HAFH3 660nmoilM FHEF &
Aot 252 24% (flocculating capacity)-> oh&-3}
L Aol g)sle] AR A7) EE (removal efficiency,
%) 2 ®A3}+9) e} (Kurane and Matsuyama 1994).

oﬂ. UL

A A &E ={(B - AVB} X100, (A: A 872 F34x=, B:

HE7e] FHE)

A7)e] SAAET e e ® M. aeruginosa v
oFiel CellCaSi(lgly, »]AESHAM QmilY), B2
AA AgiHs 474 671x9] 23" (@ vAHESHA,
@ HZELAA, @ CellCaSi, ® "AELAA+RZS
AR, © CellCaSi+n)4&¢4A, ® CellCaSi+v] 42
SAA+E2EHAZ o] H2E F 279 &4
& ARG B AAlE i Y ¢ % 92mg
Iref Al wfekst S-2 wickedg 10w} 3)AM3te] ARg-3}ed
o}

7. 5N

279 $Ad AME-EE S-2 v|ESAAY FAA
754 Axe setalr] skl BABAHA Speci-
fic Pathogens Free) ICR 434 A& Algsigdd. A=
25~30g8 =7 10mtE]o) AlzddE APL F 20¢g
2 02ml¥ T 13] A7 FAHD, §0 dxdez
= 0.85% saline$ AH23lgch Fof FUL Fof F 1,
4, 8, 12|12} Hofl, Fof YURE] 10UYAZIA = v]E 2
A, 0% 13] o)A dubzAre] Wizl o AluhEEe] &
FE AAsigon, B FUARY AUz AFe] Wy
ZA4sd ok 5o 104AE AFEEE XAAA
S ¥ Skes o 2718 BRI

w8, Ao HZA| A ol 3tiA; AiEE AR
Eol AE AP +Y3)7] $5te] 20009 94 18
ARE] 26U7HA] 8Y B9t 4709} enclosure Zz}el] )
A Tem 7}eF8] F8oE 3ulE]¥ Yo AEARE &
st

it

Za 9 2
T2 v 9%

F7lol& FollA Fe Me]F2] Q AMALEL 58%2
A 7 2ol Aer zAlEglow, Al e o
2 -a AAEES 36%2 7H 29k} (Table 3). Al 74 &
Nzet A9 25~40%9] Fe A3ES ¥R3t Yed
(8 = 1997), Fer} ok 53 ALl 28 )<
Ax3igde o JAtgs Aakd el i 30% o)AF AA
H A7AEF}2 YE (o] F 1999), Fer: $F ) ¥x9
g At adHez AHLE £ US4 A
o}

1. CellCaSig} F-7]e]&o|

g9, A7 A =% CellCaSi  F7)o] &2 H7jo)
D=y aiC}(Table 3). A7NHA ==}
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Table 3. Change of water quality by the addition of CellCaSi and inorganic compounds

Date CellCaSi and inorganic Conductivity Chlorophyll-a POS--P

compounds psem-! % of Control pgl! %ofControl pgl-' % of Control

June 13 199 212 19

June 26  Control 156 100 59 100 12 100
CellCaSi 232 149 143 242 12 100
Aly (SO4)s - 14~18H20 157 101 38 64 10 83
CellCaSi+ Al (SO4)s - 14~18H20 253 162 135 229 14 117
FeCl; - 6H20 166 106 88 149 5 42
CellCaSi+FeCl; - 6H20 262 168 56 95 12 100
CuSO4 171 110 52 88 8 67
CellCaSi+CuSO, 275 176 56 95 11 92

CellCaSi(1gi-1); Alp(SOQ4)s - 14~ 18H0 (50 ug Al I-1); FeCly - 6Hz0 (2mg Fed+ [-1); CuS04(0.1mg I'Y)

70
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Flocculant

Fig. 1. Effects of CellCaSi and bioflocculant on the floccu-
lation of Microcystis aeruginosa. Flocculation acti-
vity was expressed as removal efficiency (%). The
final concentrations of CellCaSi, bioflocculant and
CaCl, - 2H20 were 1 g1, 2mll-! and 1g!}, res-
pectively. Symbols are: a, bioflocculant; b, CaCl; -
2H,0; ¢, CellCaSi; d, bioflocculant+CaCls - 2H:0;
e, CellCaSi+ biofloceulant; f, CellCaSi+bioflo-
cculant+ CaCl; - 2H50.
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2. CellCaSis} "B E-53A ] =FAA &%

#2+2] enclosure AF S a3l 7|o] YA AHA =
Ao A CellCaSig} n|AE-L2A 2 28AA £48 =
Absted}. CellCaSi, B A &2 A (S-2) 2187 BE2H
Ao F= w 2T &3 M. aeruginosa®] A A

8L =AY Fig. 1). M. aeruginosad] W& <3
% o ELAA mE H2LAAY = AFrd)

=& 3 AT ASEAHHTF dell 46%2 F}
CellCaSﬂ‘r B A ESAANE A M2 A (A
T oY A5 9%2A HESHA L] v e wet
7 FEA= 2|7 CellCaSis} m|AJE-2AA) zh7te)
@45 HFEos & o &3} ‘}l‘ﬁ‘:} CellCaSi, =] A}
EoAA 78T HxSAAE 2% AT A (A
T 09 2L 51%2 2AHAT =, CellCaSis} v
RELAANE 7 ALEHAS o Azl o8 =
FAAL a7t Fobehd, $A52 H2AAS) Aot
o) 2eiA ©& Frlste Aoz wdE T
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3. Enclosure?] $3wW3}

Aol AA|E enclosured] pH, AH7|A=E%, 9 FXE,
qBAr-q 25 0 AT 2AEMC(Fig. 2). X
27} A719 Enclosure 48] pHE 270 7.622
wobgorh, A7e] Astel weh ke HelE, HaTs
A9 SR e A% Cast 5] YAug
£ HE pH 8.0 o]Ake] ZANA whaA Yot FAnt
2o] MAYE 2417 ¥ pH 82 pH 7.5 A== At
1.7 (Moutin ef al. 1992)2 13 % u), 7|9 pH 7
st RzegAz WrlE Ca A¥e 7|Asts Aoz
AtRH A

Enclosure 45 A 98 xz]3e =z AV|A=Es
L z7)e] ¢F 86~136uscml2 = W37} glolont,
Enclosure 48] A7 |AzxE Z7]d °F 1,600 yscm?
el AD 27he ehie (Fig. 2. 19 Rl ¥
e AAEEE wagAAe Al o AewA,
A4 9 450 AAER Ao FHT 3
X 500pscm! o]3t2 ZAaAF)7] HAMAE B2 SAA
9 ArlgE A FojoF & Zoz wAFHNUS
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Fig. 2. Changes of pH, conductivity, phosphorus and chlorophyll-a concentration in 4 enclosures during the experimental
period. The final concentrations of CellCaSi, FeCls - 6Hz0, bioflocculant and CaCl; - 2H>0 were 1gi-1, 2mg Fel-l,
2ml /! and 1g/ %, respectively. Symbols are: Enclosure 1 (<), Control; Enclosure 2 (o), CellCaSi+FeCl; - 6H;0;
Enclosure 3 (A), CellCaSi+FeCls - 6HsO+bioflocculant; Enclosure 4 (0), CellCaSi+FeCl; - 6H20 -+ bioflocculant

+CaCl; - 2H:0.

d TEx Az F 544 A SAHA dz2FolM 131
ug I'ME 7153852l BlslA Enclosure 2, 3, 404
7Ztz} 14, 6, 1ug 1118 7) =3} CellCaSi 2] oA &
ZF <o AAxASL 271 ZA el (Fig. 2). NaCl
I M 34 (CaCOs) & HH-A1A 4138 AAlsls A
AA LAEE BAM S g SRS (e 0% vk
g 3 (oF 10%)0] HEel F74d &elA] o,
A7y A g RAMN I F o] 43l FAHYL 3 &
AF2 Ql AAE AEE o, FAFY =GRS A%
£ 78] 7% 60X o] 3 FAA 8= 724] 7o)} 8}
Aot (FFH A 1997). giepy, & dFoA ALed
CellCaSi¢] ¢l AA&EHNE 27)d AFHE= 7loz B
4= 3t} &3], ©}2 A elF8c} Enclosure 4= CellCaSi
of A3 Zdg AEE B FozA AlA AN
ol 343, mxAleld Hs Aoz A4E &
HeE& AlAMEHEL

9, A AbstEI M1 EFEE o]l <l Al

Agel adelA pH 4~89] F& pHelM & <o) AAH
o] 719 w]$3x]gh, pH 9~10e) 4 & pH Z7}e} 7
Qle] A A7} =719l slelc) (Bastin et al. 1999). =,
pH 3719} QlabZee] A vgse Aoz Ag
Heh 2 Aol A enclosured®] A 2o pHE 9.3
2A CaQd¥st QAge AAwgd 2% & pH
£ fAIst . ool welA Enclosure 49 4= 2] %
o 2719 Q1 ¥xrt 1pgllz F43 s, o4zt
2] pH Zr4a7t ukE ik

27 AEF A2z o|4HE dSh-a = A
g AlZRA)ol] 215 ug 112 =9t o)} Enclosure 2, 49 A
B A F5ded 47 80ugl, 59ug itz 2AMEA
ow, Hx3AA e} d3A el AR % ¢ »=
ZAaet mzA A7 859w (Fig. 2). CellCaSio] 2]t
Qi Far A2 27)d) £} 2 Vet
™ (2 5 2000), ¥ enclosure A A = CellCaSie] X
gz AT 454-0 F=Y Far 27| I 23}
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4. 5QA Y

w2 &84 Al (5-2)¢) *;_1343- H #F4
ZARE A3 Al F 1097 XV‘} % uslon,

E 5259 A4 AFY P d2H A (Fig.
3). w3 A8 104Al AN F XA = &
Wk iy 8k Aol gldlemz wAESAHA S-2
E EXo] gl Flom wgiEgld

A ol 8L AT AE EAHAHAA 4719
enclosures Zt7tel] 28 FHolrl 100% A &5 ulal,
A AeedM s SxAlE HES 54 o AL
2 goEd shE, A0bE B Q% dxF 549
Z712 448 B 4 9l+=d), Chow et al. (1998)2 #H7}
g st el "ol FxFe Ade dF AFEAT 2
ol W2 microcystin®] Z£7}1= ¢lvbrl B ws}gdc} w3},
alumz} A3)E A-3L o] M. aeruginosacl|A] micro-
cystindg} & 529 "WE 7154 gAY 33 nn)
3 Aoz B3E v} glok(Lam et al. 1995). o]AY3} 7
L Aig we{g o 2 AYA AHEF CellCaSi, v]
AELAA, F7]0]& Bl 7 4128 HAZ7E ¢
£+ 7oz IFF g '

54 A=%

36

34

32 1

30

28 1

Average of body weight (g)

26

24 T T T T ¥ T
0 2 4 6 8 10

Days

Fig. 3. Change of body weight of the mouse during the
period of toxicity test. The error bars indicate SD
(n = 10). Symbols are: ®, Control; 0, S-2 biofloc-
culant.
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