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Removal of Red Tide Organisms
2. Flocculation of Red Tide Organisms by Using Loess
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College of Marine Science, Gyeongsang National University
Tongyeong, Gyeongnam, 650-160, Korea

The objective of this study was to examine the physicochemical characteristics of coagulation reaction between loess and red tide
organisms (RTO) and its feasibility, in developing a technology for the removal of RTO bloom in coastal sea. The physicochemical
characteristics of loess were examined for a particle size distribution, surface characteristics 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 loess, RTO, and a jar tester. The supernatant and RTO culture solution were analyzed for pH,
alkalinity, RTO cell number. A negative zeta potential of loess increased with increasing pH at 107> M NaCl solution and had —71.3
mV at pH 9.36. Loess had a positive zeta potential of +1.8mV at pH 1.98, which resulted in a characteristic of material having
an amphoteric surface charge. In NaCl and CaCl; solutions, loess had a decreasing negative zeta potential with increasing Na* and
Ca™ ion concentration and then didn’t result in a charge reversal due to not occurring specific adsorption for Na* ion while resulted
in a charge reversal due to occurring specific adsorption for Ca** ion. In sea water, loess and RTO showed the similar zeta potential
values of —12.1 and —9.2 mV, respectively and sea sand powder showed the highest zeta potential value of —25.7mV in the clays.
EDLs (electrical double-layers) of loess and RTO were extremely compressed due to high concentration of salts included in sea water.
As a result, there didn’t almost exist EDL repulsive force between loess and RTO approaching each other and then LVDW
(London-van der Waals) attractive force was always larger than EDL repulsive force to easily form a floc. Removal rates of RTO
exponentially increased with increasing a loess concentration. The removal rates steeply increased until 800 mg/# of loess, and reached
100% at 6,400 mg/¢ of loess. Removal rates of RTO exponentially increased with increasing a G-value. This indicated that mixing
(i.e., collision among particles) was very important for a coagulation reaction. Loess showed the highest RTO removal rates in the
clays.
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A g2 dojut &7t ¥ 2M surface hydroxyl groupg ¥4
t} (Dzombak and Morel, 1987). 3443182 AT & Afo] 9]
st Az AT FRL Yol 1 Fok dgd FFHY AH (interface) M e AFHY Ag7) whgo} dojipA +59
g3 o5& 2ol BolM A&z FYthe S4LYERY FHAE Y FAde pHY Wl we A48 (acidic site)
A 4% (pollution ring)S A A4 At dddS A714 (basic site)o] B wetA FEATE] surface
JE L g 4 A2e dE AT g dgAge) g hydroxyl groupe H* oj2& AF3AY &8 + o2z 5
31ata AN st BolA I WA IR dojAH ArIgse F &45HEe] BAE 899 pHA watA amphoteric surface cha-
A2A 282E FESAFTAA FEAFL2 w2 Y. o2 rgeZ WA ¥t} (Parks and deBruyn, 1962), 5481829 sur-
olgte] dmitt Aol Agjde Frstn o} AL F9)8 face charged FAF AV)E £99 H'FY OH o9 FE
H3 Y€ 4ot 2B 2 A AXE AAGL TAL 9A 93te] ZAHY H*Z OH™ °]&<& PDI (potential-determining
A ¢ Qle 7edo) 43 a7HI e A ion)ol2tal ¥tk (James and Parks, 1982).

AAAH Y FEE FE T4 (5D 2 ¢39F (ADS £33 AdA &R HE (F84484F)e 254 22|= (hy-
v 4% HE (dap)® £2E9 A (Fo) 2 7|8 vFFEog drophobic colloid)e] 42 7FAY Wi T 1EAERAR
TFAE FEAAEEN B 24~55% Abojol fAF $evet TS S dREY 279 RUL AFA F2o= (hydro-
Ade) de #x&tn gioh oz F4TR #E 4 philic colloid) e HFE VUL, oS3 FE9 AESF pH
A3 EL AZT Ayl EHY FEolLo] AT A7z GodolA ol23lEle] &AHE dct (Ives, 1956; Tenny and
€ oJFA R E&dAT Hl AXFzd 357 FAso Stumm, 1965; Benefield et al, 1982).
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FFA FHIE 9 F Yake Buo] A= HE¥ o EDL
(electrical double-layer)®] ¥4+% (diffuse layer)©] A2 A
Ha jate] R FEE ol LEY FTFHEo LYot F
3z} Aol FA vhirgo] wrAige} o] Hg WdH & EDL re-
pulsive force®ti M, o] A& H& ¥x9 IDI (indifferention),
PZPC (point of zero proton condition) 229} pH =3, <
Edd FaHe 2 51 ¥ o|27tE AW woe] & (opposite
ion) 59 93t EDLe] ¢EFELE Uste TAdtA HI, oY
Z20M £%9 dAEL £U4A (destabilization) 3] €A &
g & e 4E7F €9 (Hunter, 1981; Benefield et al, 1982;
O'Melia, 1987)

FFoA 43 F2de 5 YA Abolel= EDL repulsive fo-
rce® g ol 2l LVDW (London-van der Waals) attractive force
T ZAg3n, o] F 2 TFHLZ YA Ately Ad) 3y
gBA7E 3, & Debye length (4% F4)9 W <ol
A g 3EAEE doA A " AA P HFLHE
#+218A Bk EDL repulsive force® Aol whel A48 o
2 ¥ahe v LVDW attractive forceT ©1AE4R o2 ¥,
YA YA i 77k A4 EDL repulsive forces
gk Adlgko]l HuU LVDW attractive forces Faolgtel] A3}
A total energys F33 o] A& YA oj2A HeY
o] & primary minimumel23 ¥ ¥ EDL repulsive fo-
rces QA A7t $71ge] wel LVDW attractive force 20 U
FAA Faste oo 2AHSA Boh F A Atolo)] Z4¢ EDL
repulsive force7t #8389 o™ FHH ol energy barrier’t ¥4
1 JAEL vl g 24" FH (stable state) & £ 3HA Bl
238} LVDW attractive force® 2ozt &k Apolo] wf-g- 7}
7+ Al B AgoA EDL repulsive forced gttt 34 2
o2 X ¥£8 327]9 78 EDL repulsive force®t LVDW attrac-
tive force’t A Z A48 energy barrier7t A H 7] Aol o]
AA #&3+= secondary minimumS FA3t] o] HAM &F o]
dojg 4 givh gk dAZE A F79 A EDL repulsive force?}
LVDW attractive force 20+ 2H& H o= total energy® ¥4 £ 9
& =2 08 Jepz Ast AT whet A&H o2 sty
Z &9 #ol F7tsted) QAEL Y $RH7] A& el
AA @t (Verwey and Overbeek, 1948; Shaw, 1970; Gregory,
1975).

S3uEL F2ols §d FofM dojye H¢ EJFE AA
o AAAY T 2, 3 A% ToA FYglel vz
Ak NS Bl F o5 38y FHolge F 7HAY &
49 38%4 3L o] gojdrt A o5 JFE 1|
AE ARE ¢ F2olE YA4E BE Fzolt Uy EHez
oJEAJE Ao2A HEgeF, EXAFA £99 AdY, T
Solu, 383 Fao 4 nAe dAT A EEEAH
g9 38z (pH, o7}, AsAY £7) Foltk (O'Melia
and Stumm, 1967). ¥ A Aoldl &3t ¥ YAt A%
vh ) d FRAsE 3, 2YF olFe st dd M7d
F 94 Atolele WA EDL ¥-go] dojun, 429} EDL? ¢

4

A

Z35o] UL yele §0]3A) LVDW attractive force”t F4E £
AE AT A =2 2A o]F Fito A N2E ¥
o Hyo wetA F YAV} A E #38F FEgol dod
o (O'Melia and Stumm, 1967). ¥¥tH o2 &3uhe2 @O EDL
9 9% (electrical double-layer compression), @ &3 2 W%
3} (adsorption and charge neutralization), ® H&% FuhdA
(enmeshment in a precipitate), @ &% 2 A2t 7tL (adsorp-
tion and interparticle bridging) 59 471A WIlUEd 93t
dojitt} (Weber, 1972; Benefield et al,, 1982; Amirtharajah and
O’Melia, 1990).

E dFe AZAEYAS AAN 4 7les Adse A
St AZAEYA
9 (FEte
Zolt},

B a7 SHAZN A3 FEE AXTAAM HFH3H e
o FEEZ [05C 259 AZIINA 24T B A% F
Ao M o)A E BTAdHE vk et AMEE Y 2 A8 AL
43 08 HEX FEI e 2oz Hyd & dAAEdA
nAg FLAER aEt s FEY YR EE 4
£47] (Model 770 AccuSizer, Particle Sizing Systems, Inc., Sa-
nta Barbara, USA)E AMEste 2R3 5 38y 4548
X-ray B HFEAH g3t AT FEQJA, FE ¥ Hzx
HEYAY zeta potentiale AEF WE (Model 501 Laser Zee
Meter, Pen Ken, Inc,, USA)E A48t &3k

B A7 AHEe AzA g Wbt A 3§ Cylindrotheca
closterium® Skeletonema costatum® F7A 7279 Wl g o

o, djofde] JE-E Table 1% Zh. wjddo] ALgd e A

oW T

A AFE 045 ym-F2F o F A (Millex®, Millipore Corpora-

tion, Bedford, MA, USA)E ©ol&3te o7& F 60TAA 44)

Table 1. Constituents of Culture Solution for Red Tide Orga-
nisms (Diatom)

Materials Concentration (mg/%)
CuSO, * SH,O 0.0196
ZnClL 0.021
CoCl, * 6H,O 0.02
MnCl, * 4H,0 0.0036
Na,MoO, * 2H0 0.0126
Na,EDTA 436
FeCl; 3.15
NaNO; 75.0
NaH,PO, *+ HO 50
Tiamin * HCl 0.1
Biotin 0.0005
Vitamin B, 0.0005
NasSi0; 15.0
Sea Water 1000 mf
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¢ A7t AL SR AP A AR g
o pHE H 9530)7 HZAZY £ & 2,175,100 cell/nto]
o

SHAEL 6749 500ml9) Hlo] Aol 400mee] FHzuj g S Zt
Z+ A% % ZEE 200, 400, 800, 1,600, 3,200, 6,400, 12,800 mg/l
2527t 5 & B3R jar testerS AHE-3HS] G-value 139 sec™ ol A
4527 FEIW (rapid mixing) g 3L 127 &I (slow
mixing) 2 ¥ ¥ 142 ¢ At 142 F 3AY (BFE
#)ol dsted AASE, pH, ¢LAEE ZHHT AZNEY A
AFe ARY (LER) 4nms sty 725 239 (T22d
3 PEAg 1012 EPes nA® T AASE Exv T
AF71E ol &8t A+t

¥Q 12 L

IE

Zn o
1. #EYxiel Sel5Ey £
2 489 A4S FEUAY Y5 £EE Fig 13 20 9%

PEE AFEEE HAFE Y peakE UERELT, YA

Hi AFL 250molX WEAFE 651%°]ch Fig. 1914 84.5

%9 FERA7L 98~550me] M F3e A& ¢ &+ Atk
gEo FEAES 4T Ade 4 (S)7F 48%, EFvF

(AD°] 35%, 3 (Fe)ol 11% 24 94% & A3 Yoz 6% &

ZF (K), 79 (Cu), ot (zZn), HEtF (Ti) S22 TAHA

A%k Fig 2€ FEQAS AR 3 Abglejdt, Folo] AAR

gFdoln 2439 42 Hol e A& HIFAL Ao
gdutdoz FFoA LAY zeta potentialE 4] 58

Z79) gt G weth B AFAME £949 Izl

e A715YEY 54 (electrokinetic property) ol ©1F Al

QgL mAEANE 7] 959 zeta potentiale FHIAT %

#4 (pH=55) ol &3t THE 107°M NaCl 44 pHE 2~

7AA WgsEs 23§ Ade Fig 3o Jed U3, 257

(pH=5.5)8 ol &3ty wE o 7kx ¥%2 NaCl (1:1 elect-
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Fig. 1. Particle size distribution for loess.

Fig. 2. Secondary electron image of loess by SEM. Magnifica-
tion is 5,000 times.
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Fig. 3. Effects of pH on zeta potential for loess and glass
beads.

rolyte), CaCl, ¥ MgCl, (21 electrolyte) &io thsted S &
A3 47 Fig 4, 591 Weld $UTh Figs.9 zeta potential #<
59 e 2% ghg Haste vehd Feloh Figsdl JEhd #
gl F&ol hk zet- potential & E5F surface silanol group
(>SiOH) € 71 faF&d 284 R4 FEE vass] A
o Kim (1993)¢] 598 219M 23 e A& Ao
Fig. 3914 EYAE 107°M NaCle) #&9 Fol& S8
g} pH7} $713o] WelM negative zeta potential $ o] F7H3r<
pH 936914 —71.3mVE Jehin o|F A AT @&E ve
WeH pH 19804 +18mVE JebAch o248 FEAR
¥ amphoteric surface charge® 7HAE E3YE & + 3loH,
PDIE H*, OH™ ©o]2¢]Z, pH 2 ¥4 PZPCE eI
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Fig. 4. Effects of sodium ion concentration on zeta potential

for loess and glass beads. A constant pH for loess and

glass beads is 5.6 and 5.0, respectively. Different pNa
was maintained with NaCl.
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Fig. 5. Effects of calcium and magnesium ion concentration on
zeta potential for loess and glass beads. A constant pH
for loess and glass beads is 5.6 and 5.0, respectively.
Different pCa and pMg were CaCl, and MgClL.

gEQA o AVEHYEH 5L S0t FHEY F
A3 448 Ao wEzen) oz & d7d AHE
EFY 714 (S) ol HEY 4T v F& AX
o] 2849 pHoll WA o] &8sl Aoz 478 & FEE
nARes ooz I8 FATRY uiRZd HEE
Si0,% EEA7F A8t surface silanol group (>SIOH)& 3
Aite A0 AZdd.

Fig. 4914 &<1¢] @) Fo] NaCl¥ 2§ 107*M (pNa=2) ©]
el FEAE Nat o] 527 3718 meta FEYAE
negative zeta potential & YEHLE FA3T7} Na* 0|29
¥27t 1M (pNa=0)°] HU& 9 zeta potentialZ 0] Z3H 3}

rook oot T

3R

% & =S Nat o2 ¥54M% A9 2 (charge reversal)
& Yol gtk &89 FE7F 1072 M (pNa=2) °}3d 4
$olE Nat o] &9 Fxo Z#ale] A A zeta potential &
2ogF &9 el &4 silanol group (>SIOH)WE 7}
AL YE FITFEY A= 1072M (pNa=2) ©]3t9] Tl
ME Na* ol&9 %71 2718 e 9EFH OS2 negative
zeta potential g0l Zade A& BAFUG (Kim, 1993). &
AAe NaCl €49 AdoA dojute ol &2 AR d
49 AR F AAZ 8% & Sk A, Na* o2&
IDIC 2R FEYAY $AdE FA7|Hez F3stq EDLE
d&gte ave Jely 929 surface chemical group®el
specific adsorptionoll= B3R ¢fov, &4, FEUAE F
F¢3e 28 pH 5594 Na* o9 FA7F F3adeg 3
2A171E surface silanol group (>Si07) 199l surface chemical
groupE T3 gU7] GEQA Aoz Hzhdh

Fig. 5llA &9 Aajdo] 2:1 electrolyte (CaCL% MgCly) 9
A4 Ca? oly FE7t F7%e) nEtM FEYAY negative
zeta potential &l EH2E Zadtst ¢ 107°M (pCa=3)
9 FEAN FAME el A3 GAo] Yot Ca* o] &
o BE7H107°M (pCa=3)oA%E 107'M (pCa=1Z Z7t8
o] wakA positive zeta potential®l Z7+3te] 1072M (pCa=2)°]
A Aok Hola oA Ay oo THHA. o T B L
Ca** o] &0) #EJR surface chemical group@ specific adsor-
ptiong e 24 dojt Holth (Hunter, 1981). £4 o A 2o
MgCL9 3% CaCL$t 28 ZA#E Jetligich

Fig. 6& 24 297 2% (ignited oyster shell powder; IOSP),
297 B2 (oyster shell powder; OSP) 12]Z JEZH JE
(LOESS), montmorillonite ((Na, Ca)es;(Al Mg):Sis01(OH); *
nH;0; MONT), 37% (granite; K(AlSi;05); GRNT), #-&4
(dolomite; CaMg(CQs),; DLMT), 314} (sea sand; SiO;; SSND)
2o o Az wjFN (red tide organisms; RTO), chlorella ¥ %3 <l
(Nanno chloropsis; NCHL)®l ™3t #4529 zeta potential

35

OSP _LOESS MONT GRNT DLMT _SSND_RTO NCHL

ZETA POTENTIAL, mV

Fig. 6. {-potentials for various clay particles and other partic-
les (IOSP, OSP, RTO, and NCHL) in sea water.
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2+ 3¢ 2348 EoqF3 v FES HAzAEYAE N
negative zeta potentiale YEPAUIL, HE FolA A} 714 &
negative zeta potentiald YEMIT &4 SHY £2¢ AYH
Uw A EF pegative zeta potential& VERA I,

Fig. 72 35394 435 AIse FEQAY J2A4 244
Atolol Z£3}= interaction energy® A4S (Kim, 1999), 2
HEE BoFe JgLolrt sl FEYAS 2B EAA
9] zeta potential& 2tz —12.1, —92mVe|x, EDLY FA = ¢
04nmZ 53 gk Aeolt) o] FedN F At 43 A
o 79 BE AN AM LVDW attractive force) ddjgke] EDL
repulsive force®} A ZET 4 E S VeI o]& #Fo
e uwxEe 9F FE (Na* ol 9F 05M, Mg** ol o
005M §)2 A3t FEYASG AZAEUAY EDLY F47}
53] obAl ¢Z=o] EDL repulsive force?t 79 &aj3kA 7]

otk 222 sFelN FEAS AZYEYANEL B
ZFAA M negative total interaction energydt (attractive force¥%

yehlio] 34 §olatA flocE 34T R e 23 At

Eﬂﬂ"ﬂraﬂ TBRAA ke Holde HRAE (YEZR9
EgA)e AVEEEFH o2 AHde fargef Qi °]%*§: 3
FAAN7 9l e FANFez AT AH (stabilization) S
43 F8 (destabilization) 2 WE & v oW 23L& 4
3 £ Ro) o Atz oz JEE v Fo] 2n 7Y
g2 5o 21""4 4EdA date] EDLel A &5 £
A 72 AAE & Jdonz HAZYEY S Aste A
X% 5 9 Y 242 449

Fig. 82 o8 7}A FEY Fxo tidt AzAE9] SHAA
EE&E BYFE RolH, Fig 95 FEY 93l HzAE] &

4e-12

el | EDL REPULSIVE FORCE
—— LVDW ATTRACTIVE FORCE

2e-12 —— TOTAL INTERACTION ENERGY

1e-12 4

INTERACTION ENERGY, erg -
°

-1e-12 1
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-3e-12 1
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Fig. 7. Interaction energy profiles for loess and RTO approa-

ching each other in sea water. The zeta potentials are
—12.1mV for loess and —9.2 mV for RTO in sea wa-
ter. Hamaker constant is 5X107" erg,
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Fig. 8. RTO removal rates for various loess concentrations.

Fig. 9. Compound light microscope image of RTO coagulated
by loess in sea water, Magnificantion is 400 times.

F AAY BgE BT ALRolt Fig. 894 #EY v & 200,
400, 800, 1,600, 3,200, 6,400, 12,800 mg/21 A &2 599, 72.0, 78.1,
844, 924, 982, 100% &} FZAE] 33 AAE & ¢ + Ut
HAzAPE SHAAA LS FEY Hrvl U1 weA A
Feroz S7HEAT (Y=36.04XX%"; R2=0.9906). & 200~
800 mg/f9 HEH ¥e RE FoA FEAF F7E Hogrst
BEY &7t A& F71E] g A 4ud S Ve
St

ZE 800 mg/lol W3l G-value (e M71E Yelde &)
£1,6 2, 139sec™'2 2F F $34EL 52 I BHE Fig
10e] ERR AT G-value?t F71gel et HZAEQAY] &3
AA Bgol &L 655,707, 747, 18.1% 2 3—7}%}%4. o)lZN §
EE AEE SANSANE QAL FEE FEC] dofd 5 A
& afdte o] ¢ FaFTS &+ A%

AgA EAdte L 279 WL IAFAY AT
nEz FFEAE FAH Y o] FI1EHLE FFAA o
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Fig. 10. RTO removal rates for various G-values. Loess conce-
ntration is 800 mg/Z.

2350 YEE SHFE oA o FEY 2L AEYAE ¢
wHo g o BAY EUHo] 21 jonized surface groupE 7}
AR genz oA EA9 FF5Ho] Y3t (Dzombak
and Morel, 1987). 3|45 1559 Na* o]2& X¥}EE Z§F
g #ES S5FA A& A% Schulze-Hardy ruled] wEhA
EDLS 4ol ZA dojutA Heol &oldtAl $As e AAd=
AA& Jehdoh (Verwey and Overbeek, 1948; Benefield et al,
1982).

gEdAd AZPEYA Abold SRS &L O FEY
Ao} 2P EYA Abol9) EDL ¥Hgol 28 5€ A7 (the time
of a Brownian collision), @ FEYA, AZYEYAL 424 &
‘A ¢ EDLE AHAZeeu 285 A7 (the relaxation time of
electrical double-layer), @ $EUA, HAZHEYA7 242 24A 9
surface charge® AMZA3tcd L85 AT (the time for the
Ster layer adjustment)l 98t A dtt (Overbeck, 1977; Ly-
klema and van Leeuwen, 1982). O& £ 49 o] 27 =9} =Y
FAA G odte] ARSI, 99 o] 2} x 9 YA AL
7} E4E ALe ol @ £ o273 E s o] F4A
o o3t} AR, §H9 0|27 =g o] 2FAFI} E54F
AZke FolAd @ UA Alolol o]Ed = A&y Ax o) o)
of AAHT o)Fde st Lt 45 AL dFE
D~@9 Alzte] #HotA5E SHNSY v AEsL 282
Z748th Q¢ @2 £ dARAWY sgxAd dd FF
HEZ A% $ANSY 4L Eol7 M FEYAY A
ZAEYA Abole] EDL ¥Hgdl 28 FE ABE @53 Foo}
gtk 237 37 Y4l QAT AdE F8 FEH5E 371
ANA Folo} 32z D FEE uAF £22 BHEIN YA
Browian ¢%& Z7HAA Folok 30, @ AAF AAANE A}
$3e] FEURSG HZUA Atole FES FHANA Fojo @t
(Overbeek, 1977).

#8 FEY YE (density) = < 292g/cm’, AFoA e v F

=}
=
h
p=

(specific gravity)& % 156 g/cm’elth, BEQAY XS £ &
FoAM AT FEQASY o) BT 250umZ ARE B4
Fol A2 Stokes settling velocitys 217 m/hr7t Bk 28y AA
2 BEQRE deFaA A B3 $20 4A dojunz
dxtel 27 250 yumE ok AAA H® @A Siokes settling
velocitys 217 m/hr2 ok AAA €} 122 FEE vjA3 ¥
T2 e A anFAE AHgste 24X FAA F2E
A doA AZANEDR FES FHAIA & 29 2 AA
7 4A 3 AAste AAE JdEhdlo] A3 Hx4EY &
FAAE 7198 & §1d (Kim, 1999)..

2) 4E HEof o8t 3

E d7dA o8 7tA] HE 800 2 6400 mg/lE AHE3o 3
A8 dF $JHEE 2 2 2HE Fig 119 YEIA
800 mg/l FEANA SJAA &L FEV 181%EH 7 &5
3t2 2 th&o] montmorillonite24 493% 0|8 A7} 178% 2
R 7Mg @& ARGE et HEY $2E 6400 mg/l2 F
7t A SAE AE RE FEAA dAT $HESY AL
o] gle e AE 163%2M 800 mg/l FZAXSY A 2L
SHEEE YUY, ol dAg FZAHEYR AteldlA A7
FYHLH o] g JPEG HZAEYA AtoldMEng A
2837 g2 Rez AAEnt (Figs. 6, 7 F2).

3) g=o 2§ pH Z2E D

Fig. 125 Z% FE 800 ¥ 6400 mg/lE AM§3te] A zuj <ty
of dg $ALEE & F 4AY (EFR A N3t pHE ZAHE
A7E BT ot $EE A9F oA HEE pH 95 W
o2y Az FYY pH 9637 A9 #& pHE vebd wrd &
E¥ 747 pH 8.59, 83424 1.04, 1299 pH ZAEFHE e
At AAE 7HE & pH A5 ERE YeATh $EQ pH #
2FEHE gugel FEYAS FZ2YAY EDLe] tE FES
A¢8g o A gFgeed B &0l 3E + Uz,
AHog 714 & AAZLES U Aoz Addd.
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Fig. 11. RTO removal rates for 800 and 6400 mg/¢ of each
clay.
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Fig. 12. Variations of pH for effluents of coagulation reaction

using 800 and 6400 mg/¢ of each clay and RTO cul-
ture solution.

Fig. 13& o2 7tA 59 FEE AHEste] Hzugdo] g
SHAAYEE & F AR (LER) Waltoq pH, alkalinityE =
A 23E RS gt FEY T2t $74d w pHE
A9 dEHo 2 Fadle FEFE 12800 mg/lA 7858 HE
YT, total alkalinitye HZM YA 1345mg/l as CaCOs7F
FEES 12800 mg/llA 733 mg/l as CaCO:2 612mg/é as
CaCO, 7489 methyl orange alkalinity®] d3te HZuF
49| 908 mg/f as CaCO7t REFE 12,800 mg/loll A 733 mg/é
as CaCO:& 2% 4% uha phenolphthalein alkalinitys 3%
v A o) 437 mg/l as CaCOyZE HEFE 12,800 mg/2oll A 0mg
/2 as CaCO:2 €338 AABLEMN total alkalinity®] FAES
¢ 71% AE7} phenolphthalein alkalinity®} A Ael & A&
¢ 4 3o}, phenolphthalein alkalinity® Yebe E4& OH,
COP™ o| B8N of#d o|2EL pHE AsAd BT oYz
e A3E 9 Aol F23 9 surface charge® F7HA7e FE&&
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Fig. 13. Variations of alkalinity and pH for effluents of coagu-
lation reaction using various loess concentrations.

$o, BE7} olHE o]& g FF AAYLZA EDLE A ¢
£3ta] SNHES Bt SoldA dojuA @

od d4e F2 ZEd X¥HE Fert 74343 EE (aquo-
metal complexes)S FAT F UdY A&HQA RS
(hydrolytic reaction)& AX F4EF&3EE  (hydroxometal
complexes) & FA3e HAH A £949 phenolphthalein alkali-
nitye 22317 HE Aoz YAEt (Parks, 1967, Weber,
1972; Wnek, 1974; Benefield et al,, 1982). Parks (1967)& °l ol
BAE Oy 2 gAY weAE el

FCzO;(S) + 12H20 2 2FC(H20)63+ (aq)

2Fe(H,0)¢" (ag) +20H" 2 [2Fe(H;0)(OH)1** (ag)

[2Fe(H,0)s(OH) 1** (aq) +40H~ 2 2Fe(H,0);(0H)s(aq)
2 2Fe(H,0);(0H);(s)

FHEFEAFEFTY H0 EA47F £4F59 OH™ o2 93ty
APILE APEY FA JAT F454AY o4F A¥HA
%3 gollE H,0 4 Atole] 45382 FAdA 2 53
F&£88Ee 98 444 (hydrophobic property) S WA =HH
aAYRe) BH GA FAse] AEFE (charge neutraliza-
tion) & €27t (Stumm and O’Melia, 1968).

agez FEde >Si0HY 43D (negative sites)F T3
F&IFEY FA3D (positive sites)©] FEIE Ao2 4FH
o, o] £3FEAFEA st FEI} UMA HE 53] A
(sea sand) 9t T8 A5 S HoFe ALE A

2 of

AFde AZ2HE £A9HE Fole AL AFE BAH.
Feg 23ty FZABYAE &3 AAse Ao] e B
o] g1 It FEE o] §3te] HZAEUAN U LY
& 3 Adde 98 2.

E Ao A3 BEYAY JE £EE ZHEEE BHAFE
e peakZ UEIRoH, gAY HF AEL 250pmelL, &
84.5% ¢ FEYATF 98~550me WS ol 3w WEAsFe
65.1%01%th $EQ FEAHES EAT 2= 74 (S)7} 48%,
505 (ADe] 35%, 3 (Fe)ol 11%2A 94%& A3
o3 6%€ ZF (K), 78 (Cw, ot (Zn), HEHg (T) $22
TR gk AAE0 A A vehd FEQAS AU
Adx ggdoln LAY 4z Hol AN

FEYAE 107°M NaCle} $8 Fo4 pH7L F713tel met
negative zeta potential ol F7}3ta] pH 9.36°lM -713 mVE
ez o] F Ae AT g Vel e, pH 198914 +18
mVE YEol amphoteric surface charge® 7tA€ B2 4
Ag vehiigith dddAe] & HY, OH °ol&olx, pH 2 ¥
244 PZPCE YERARIT

g AsfAe] NaClY 2% 1072M (pNa=2) o]49] &
dME Nat o] &9 Fx7t 713 wets FEJIAS] negative
zeta potential 2 YEH o2 FA3TI7F Na* ol&9 ¥E7} 1
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M (pNa=0)o] 5 & o zeta potentiale 0 A3t &9
o A#Ao} 211 electrolyte (CaCl,% MgCl) 9 A% Ca?* 9]
o =t 7t wegd BEJAY negative zeta potential
ol dEHo 7 A4 4 107°M (pCa=3)9 FEA 5
ZAAE Yepln datg o] dolitth AFFe FEY HZAE
Azbe vl %% negative zeta potential® YEMAAL, HE FA
#HAL7F 7H4 & negative zeta potentiald VFER QAT

HrFox FEAAY FZYEAYAY EDLE s THE
LFEEe 4F T2 ddtd I3 A FEEHI, o]H AN
F YA 45 A2E A% BEE BZEAA LVDW attractive fo-
rced] Athgko]l EDL repulsive force®) AdigtRd g4 & % &
Yetdth A SEYRS AzAEYAE ZE LA
negative total interaction energy # (attractive force)-2 “FeF o]
34 Lolatl flocs A4 ol gle o U

HZAEYAY $3AA £&E FEY vt F71Ed we
A AFTEE (Y=3604XX"; RP=09906) 0.2 Z713len,
FEY FT 800 mg/l7tR] FAE SIHE Holth} B FEv}
A% F74ge gy g FHE YA AxAEL §
E 6,400 mg/€olA A< 100% $HAA HU

ZE 300 mg/ld AL GvalueE 1, 6,29, 139sec™'2 B4
Hog F7MN e g $ARA L&L AFHFrHoE F7138)
Atk ole AN EES wol7] AAAMe FEYASY A=
AEUQA; Apolo] FEE FEC] Yojd = JYTE wste Ao
e F28E Jehl Fe Aot

800 mg/edl TN REE S FH3iA g2 02 FERT
288~603% ©] & AHIYAEE YR FEAE >SiOH
SA43 A %59 phenolphthalein alkalinity® AR 3e F35
£33 89 FAsdo] FEGH, o] &Y E 3t 3
E7t YA A HE 53 A g8 $FEAH S RAFE Ao
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Ho
rek

I g

Amirtharajah, A. and CR. OMelia. 1990. Coagulation processes:
destabilization, mixing, and flocculation. In Water Quality and
Treatment, F.W, Pontius, ed., American Water Works Associa-
tion, McGraw-Hill, New York, pp. 269~365.

Benefield, L.D., JF. Judkins, Jr. and B.L. Weand. 1982. Process
Chemistry for Water and Wastewater Treatment. Prentice-Hall,
Englewood Cliffs, NJ, pp. 211~238.

Dzombak, D.A. and FM.M. Morel. 1987. Adsorption of inorganic
poliutants in aquatic systems. J. Hydraulic Engineering, 113,
430~475.

A

Gregory, J. 1975. Interfacial phenomena. In The Scientific Basis of
Filtration, KJ. Ives, ed, Noordhoff International Publishing,
Leyden, Netherlands, pp. 53~90.

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

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

James, RO. and G.A. Parks. 1982. Characterization of aqueous
colloids by their electrical double-layer and intrinsic surface
chemical properties. E. Matijevi , ed, In Surface and Colloid
Science, 12, pp. 119~216.

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

Kim, SJ. 1999. Settling characteristics of natural loess particles in
seawater. J. Korean Fish. Soc., 32(6), 706~712 (in Korean).
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.

O'Melia, C.R. 1987. Particle-particle interactions. In Aquatic Surface
Chemistry, Chemical Processes at the Particle-Water Interface,
W. Stumm, ed., Wiley-Interscience, New York, pp. 385~403.

O'Melia, CR. and W. Stumm. 1967. Theory of water filtration. J.
AWWA,, 59, 1326~ 1344.

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

Parks, G.A. 1967. Aqueous surface chemistry of oxides and complex
oxide minerals. Advances in Chemical Series, 67, 121 pp.

Parks, GA. and P.L. DeBruyn. 1962. The zero point of charge of
oxides. J. of Physical Chemistry, 66, 967~973.

Shaw, D.J. 1980. Introduction to Colloid and Surface Chemistry.
Butterworths, London, pp. 183~212.

Stumm, W. and CR. O’Melia. 1968. Stoichiometry of Coagulation. J.
AWWA, 60, 514.

Tenney, MW. and W. Stumm. 1965. Chemical flocculation of micro-
organisms in biological waste treatment. J. WPCF, 37, 1370~
1388.

Verwey, EJW. and J.Th.G. Overbeek. 1948. Theory of the Stability of
Lyophobic Colloids: The Interaction of Sol Particles Having an
Electric Double Layer. Elsevier Publishing Co., New York, pp.
106~134.

Weber, W], Jr. 1972. Physicochemical Processes. Wiley-Interscience,
New York, pp. 67~75.

Wnek, WJ. 1974. Electrokinetic and chemical aspects of water filtra-
tion. Filtration & Separation, 11(3), 237~242.

20009 7€ 289 A
20008 9€ 239 49



