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Removal of Red Tide Organisms
1. Flocculation of Red Tide Organisms by Using IOSP
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This study was to examine the physicochemical characteristics of coagulation reaction between ignited oyster shell powder (IOSP)
and red tide organisms (RTO), and its feasibility, in developing a technology for the removal of RTO bloom in coastal sea. IOSP
was made from oyster shell and its physicochemical characteristics were examined for particle size distribution, surface characteristic
by scanning electron microscope, zeta potential, and alkalinity and pH variations in sea water. Two kinds of RTO that were used
in this study, Cylindrotheca closterium and Skeletonema costatum, were sampled in Masan bay and were cultured in laboratory.
Coagulation experiments were conducted using various concentrations of IOSP, RTO, and a jar tester. The supernatant and RTO
culture solution were analyzed for pH, alkalinity, RTO cell number. IOSP showed positive zeta potentials of 11.1~50.1 mV at pH
6.2~12.7. A positive zeta potential of TOSP slowly decreased with decreasing pNa 4.0 to 2.0. When pNa reached zero, the zeta
potential approached zero. When a pMg value was decreased, the positive zeta potential of IOSP increased until pMg 3.0 and
decreased below pMg 3.0. IOSP showed 4.8 mV of positive zeta potential while RTO showed —9.2mV of negative zeta potential
in sea water. A positive-negative EDL (electrical double-layer) interaction occurred between Mg(OH). adsorption layer of IOSP and
RTO in sea water so that EDL attractive force always worked between them. Hence, their coagulation reaction occurred at primary
minimum on which an extreme attractive force acted because of charge neutralization by Mg(OH). adsorption layer of IOSP. As
a result, the coagulation reaction was rapidly processed and was irreversible according to DLVO (Derjaguin-Landau-Verwey-
Overbeek) theory. Removal rates of RTO were exponentially increased with increasing both IOSP concentration and G-value. The
removal rates were steeply increased until 50 mg/¢ of IOSP and reached 100% at 400 mg/? of IOSP. Removal rates of RTO were
70.5, 70.5, 81.7, 85.3% for G-values of 1, 6, 29, 139 sec™* at JOSP 100 mg/Z, respectively. This indicated that mixing (i.e., collision
among particles) was very important for a coagulation reaction.
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Table 1. Constituents of Culture Solution for Red Tide Orga-
nisms (Diatom)

Materials Concentration (mg/¢)
CuS0, * SH;0 0.0196
ZnCl, 0.021
CoCl, * 6H,0 0.02
MnCl; * 4H,O 0.0036
Na;MoQ, * 2H;0 0.0126
Na,EDTA 4.36
FeCl; 315
NaNO, 75.0
NaH2P04 * Hzo 50
Tiamin * HC1 0.1
Biotin 0.0005
Vitamin Blz 0.0005
NazSi03 150
Sea Water 1000 mé
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Fig. 1. Particle size distribution for IOSP.

Fig. 2. Secondary electron image of IOSP by SEM. Magnifr-
cation is 1,500 times.
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Fig. 3. Compound light microscope image of IOSP in sea wa-
ter. Magnification is 400 times.
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Fig. 4. Effects of pH on zeta potential for IOSP and OSP.

Tobiason, 1987; Kim, 1993). pNa=20~4.0 (107*~10"2M Na*)
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Fig. 5. Effects of sodium ion concentration on zeta potential
for IOSP and OSP. A constant pH for IOSP and
OSP is 11.5 and 9.2, respectively. Different pNa was
maintained with NaCl.
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Fig. 6. Effects of magnesium ion concentration on zeta poten-
tial for IOSP. A constant pH for IOSP is 11.5. Diffe-
rent pMg was maintained with MgCl.
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Fig. 7. Zeta potentials for IOSP, OSP, LOESS, and RTO in
sea water.
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Fig. 8. Variations of the alkalinity of sea water by IOSP and
OSP for pH changes.
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Fig. 9. RTO removal rates for various IOSP concentrations.

Fig. 10. Compound light microscope image of RTO coagula-
ted by IOSP in sea water. Magnification is 400 times.
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Fig. 11. Variations of pH and alkalinity for effluents of coagu-
lation reaction using various IOSP concentrations.
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Fig. 12. Interaction energy profiles for IOSP and RTO app-
roaching each other in sea water. The zeta potentials
are 4.8mV for IOSP and —9.2mV for RTO in sea
water. Hamaker constant is 5X107" erg.
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(Overbeek, 1977; Lyklema and van Leeuwen, 1982; Kim, 1993).
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Fig. 13. RTO removal rates for various G-values. IOSP con-
centration is 100 mg/2.

(@) ]}
=g =

IOSPE ol &3t AZAEIA UE $HLY
gden 2,

B 49 A3 10SPY Hit NS 11.6umela, & 77%
QA7F 50~200 um® HH &3H WEAFE 60.1% A
I0SPY] B&AEE AT Adc 8%7t ZHo2A AAY
(Ca0)$} 22 AEoth 10SPY AAYHD 7 AR E BAE 4
o gwel W3 B39 42 Ho YA 10SPd HFE
A7teld SeFe Mgt oleT F&IA whedte YA EW
Z9 o) AA4 Mg(OH), F4% (absorption layer) & 3’338k
<3 AT 2 pHE 100 A=A AFA A

I0SPE pH=62~12794 11.1~50.1 mVEA 10SPS} A7}
473 4312 YA positive zeta potentialE YERH ¥HH OSP
T pH=92, 119904 47 —425 —569mVZA negative zeta
potential® YEHATE pNa=20~4.0 (107*~107M Na*)dlA
I0SP, OSP9) zeta potential& A9 4AF & dehlglou
pNa=00 (1M Na*)dlA& 10SP EDLO] "¢ A ¢5H
zeta potentialZ ¢ 00 mVE Je 32 OSP= —254mVe

wlo

& A

of 43| & negative zeta potential & YERI It I0SPE Mg
o] ¥%7} $7+el wel positive zeta potentiale] F7F3kch7t
pMg=30 (107°M Mg?*) ol A Zaste A74E Jehdd s
Zo) X I0SPE 48mVY positive zeta potentiald WERMNAL,
0SP%} RTOE 22t —307 mV, —92mV9 negative zeta poten-
tiale VeIt

#1530l 10SPS] Mg(OH), 533 AzAEYA Ateldl=
positive-negative EDL ¥H$-0] oA o] £ Aolde 4
A71548ts JdFo] 2Lz, FA Mg(OH), F55o ¥
ARz Qs YA AETY SN E I9H Aol F

e

3 primary minimum®] X Yolui, DLVO ol Z°f wte} &3
32wyl Hol s ¢ A&IA Yol

HzAHEAAe] SFAA &2 I0SPY 5E S0mgl7A &
Ag 2718 Bolts} IOSPY F%7t A& F7Hee wald dA
otk 2715 Jeith & 10SPY FE7F S7hge wEtA
AgdsAo g Z7stgd (Y=5381 XX R*=09868). &3 A

AL 10SP 400 mg/l oldol A A ¢H3| dolxtrt

IOSP 100 mg/2-& A48 G-valueE 1, 6, 29, 139sec™'2
Adoz Z7NEA $3 488 & 23 AR EUAY
HAAA 5L 42 705, 705, 817, 853% &2 F7H3H T o
F golA gAE FEE FEo] dold & U=EEF ;s
Aol ¢ FaE el F& Aol

fr ol oo gt

A =

o) YFE 1995HE FAYHL APV TATF L0
Ste} £AHGEU, ol BA=FY,

2 g ol

a

S —]

AHO

Ayoub, GM,, SI. Lee and B. Koopman. 1986. Seawater induced algal
flocculation. Water Research, 20(10), 1265~1271.

Benefield, LD., JF. Judkins, Jr. and B.L. Weand. 1982. Process
Chemistry for Water and Wastewater Treatment. Prentice-Hall,
New Jersey, 225 pp.

Benefield, LD. and JM. Morgan. 1990. Chemical precipitation. In
Water Quality and Treatment, F'W. Pontius, ed,, American Water
Works Association, McGraw-Hill, New York, pp. 641~708.

Black, AP. and RF. Christman, 1961. Electrophoretic studies of sludge
particles produced in lime-soda softening. J. American Water
Warks Association, 53, 737~1747.

Ferguson, JF. and L. Vrale. 1984. Chemical aspects of the lime sea-
water process. J. WPCF, 56, 355~363.

Flentje, ME. 1927. Calcium reclamation by excess time treatment of
efftuent. J. American Water Works Association, 17, 253 pp.
Folkman, Y. and AM. Wachs. 1973. Removal of algae from stabiliza-
tion pond effluents by lime treatment. Water Research, 7, 419~

435,

Friedman, AA., D.A. Peaks and RL. Nichols. 1977. Algae separation
from oxidation pond effluents. J. WPCF, 49, 111~119.

Hohl, H., L. Sigg and W. Stumm. 1980. Characterization of surface



o
oXx
=

454

chemical properties of oxides in natural waters: the role of
specific adsorption in determining the surface charge. In
Particulates in Water, M.C. Kavanaugh and J.O. Leckie, eds.,
Advances in Chemistry Series, 189, American Chemical Society,
pp. 1~31

Hunter, RJ. 1981. Zeta Potential in Colloid Science. Academic Press,
London, 233 pp.

Israelachvili, IN. 1982. Forces between surfaces in liquids. Advances
in Colloid and Interface Science, 16, 31~47.

Ives, KJ. 1956. Electrokinetic phenomena of planktonic algae. Proc.
Soc. Water Treat. Exam. 5, 41~58.

Kim, SJ. 1993. Factors Influencing Colloidal Particle Transport in
Porous Media. Ph.D. Dissertation, Auburn University, Auburn,
pp. 185~199, 68.

Larson, T.E. and AM. Buswell. 1940. Theoretical limits of the lime-
soda method of water softening. Ind. Engng Chem., 32, 130 pp.

LeCompte, AR. 1966. Water reclamation by excess lime treatment of
effluent. TAPPI, 49, 121A pp.

Leentvaar, J. and M. Rebhun. 1982. Effect of magnesium and calcium
precipitation on coagulation-flocculation with lime. Water Research,
16, 655~662.

Lyklema, J. and H.P. van Leeuwen. 1982. Dynamic properties of the
Agl solution interface: implications for colloid stability. Advances in
Colloid and Interface Science, 16, 127~137.

Marske, DM, DR. Evans and KL. Hansen. 1972. High quality

treatment of combined municipal, fruit and vegetable processing
wastes. presented at the 45th Annual Conference of the Water
Pollution Control Federation, Atlanta, Georgia.

Overbeek, J.Th.G. 1952. Electrochemistry of the double layer. In
Irreversible Systems, HR. Kruyt, ed., Elsevier Publishing Co.,
Amsterdam, pp. 115~193.

Overbeek, J.Th.G. 1977. Recent developments in the understanding of
colloid stability. J. Colloid and Interface Science, 1, 431~445.

Tenney, MW. and W. Stumm. 1965. Chemical flocculation of
microorganisms in biological waste treatment. J. WPCF, 37, 13
70~ 1388.

Tobiason, J.E. 1987. Physicochemical Aspects of Particle Deposition
in Porous Media. Ph.D. Dissertation, Johns Hopkins University,
Baltimore, pp. 121~144.

Vrale, L. 1978. Chemical precipitation of wastewater with lime and
seawater. Prog. Wat. Technol, 10, 645~656.

Vuuren, LRJ. van, DJ. Stander, M.R. Henzen, P.G.J. Meiring and S.
HV. van Blerk. 1967. Advanced purification of sewage works
effluent using a combined system of lime softening and flotation.
Water Research 1, 463~474.

Wachs, AM. 1969. In development in water quality research. Proc.
Jerusalem Internat. Conf Water Qual. & Pollut. Res., 116 pp.

20009 79 28Y¢ He
20008 9¥ 239 #3



