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Flocculation of Red Tide Organisms in Sea Water by Using
an Ignited Oyster Shell Powder and Loess Combination

Sung-Jaec KiM*
Department of Marine Environmental Engineering and Institute of Marine Industry,
Gyeongsang National University, Tongyeong 650-160, Korea

This study determined the optimum dosage for coagulation reactions of red tide organisms (RTO) using
a combination of ignited oyster shell powder (IOSP) and loess and examined the electrokinetic and rheological
characteristics of their flocs. Two kinds of RTO, Cylindrotheca closterium and Skeletonema costatum, were
sampled in Masan Bay and cultured in the laboratory. Coagulation experiments were conducted using various
concentrations of IOSP, loess, IOSP+loess, RTO, and a jar tester. RTO cell numbers were counted for
both the supernatant and RTO culture solution. The removal rates increased rapidly with increasing TOSP
concentrations up to 50 mg/L and loess concentrations up to 800 mg/L. A removal rate of 100% was reached
at 400 mg/L of IOSP and 6,400 mg/L of loess. The highest increment (16.7%) of the rates of coagulation
reaction occurred using both IOSP and loess (50+200 mg/L) in comparison with IOSP alone. The rate
of coagulation reaction using both IOSP and loess (50+200 mg/L), 90.6%, was similar to employing either
IOSP of 150 mg/L or loess of 3,200 mg/L. All of the coagulation liquids for RTO, TOSP (200 mg/L), loess
(200 mg/L), and 10SP+loess (200+200 mg/L) revealed non-Newtonian fluid properties and therefore their
shear rate vs. shear stress curves were non-linear. The coagulation liquids revealed elastic body properties
at a lower shear rate increasing in the following order: RTO, IOSP (200 mg/L), loess (200 mg/L), and
IOSP+loess (200+200 mg/L. IOSP+loess (200+200 mg/L) especially demonstrated plastic flow properties
at a lower shear rate.
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M 2 g ke Frol B9 Hrhehd #H<o pHIY

AAFE Y BFE (loess)E F2 T4 (Si) D L=2u)F (A) o7/ Mg(OH), &2F (flocyS FAste=rl, o8 A4
g ¥Fete 2% HE (clay)s BEEQ E (Fe) 2 78 E2 °lH T Mg(OHy 3280°] S REAS] 93¢ dvte
njgEEo 2 TAAE FEANEEN A% dedde £ RS Wl U (Flentje, 1927, LeCompte, 1966; Vrale,
el g&olgo] M AXT2E o)FA K B 1978). Mg(OH), $2E°] &3les AH o=z gHe| pHo
A Wl Az SEA7 38HE FAWNSOR AW @Byl AL, pHYF 102 030 FUhEhE e Fo)

o 2H RUFAATITE (surface hydroxyl groupye AT Mg» o]e9) FEE ZA 7HasH "k 4432 SAAR
(Dzombak and Morel, 1987). F&418ba2] AT} & Alol]  xlasale] H4s 2 § H5Fe Mg o]20] Had
A (interface) I M= AF A AG7) ol dofubM & o g=g FYNA F8 (Flentie, 1927; LeCompte, 1966;
Fel SSdstEe] Ruels pHel WMatel met Dy 1g78) w2y 2RES AU @ M 0oL TF
(acidic site) B71ET (basic sit)] BAAS WA & g4 zo) o ojeg B Zuo o mEHeR A2
AetEe] RUFA7IAEE H o]2S AR AY #ES

T RoB2 F&HAHEY UL B4 pHe welA FF
A FEH A3} (amphoteric surface charge)}E @A H} (Parks
and DeBruyn, 1962). &&4t3}E-9] ZH A S} (surface charge)2
ST 27)= 849 H'# OH™ o]&9] Fxel 93] A
=5, H 2} OH™ ©]2& M&ZE A ] (potential-determining
ion)°]8k31 3t} (James and Parks, 1982).

"t B39} (Folkman and Wachs, 1973; Friedman et
al., 1977). Vrale (1978)2} Ferguson and Vrale (1984)2 A2 3]
& SAAZE AMRE HeFe FREAD AAEE AA
g o) A5Fel BEF Mg ol &S HEFEY 95t sFE
AFE& AS Aok RTE Ayoub et al. (1986)2 X413 9} &
FE ol&st 4R WRFFe 2FE AASAUC
AAA ] ERste FE (FH5AEE)T A54 FRo=
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ScER R R S
= FZABEAA} (red tide organism: RTO)= 44 9] thakgh

a4 SEE 7AE 298 /A 3 o)d fU1Ee
FEoll A o]l o] giRE 2] pH GG SHsE wH,
et A 2 HEE VAL Wr)EEEE R Yty
E2E o] = EFT o= YAtolt} (Ives, 1956; Tenney
and Stumm, 1965).

Kim and Cho (2000)2 &)= ¥]ZHEZ (ignited oyster shell
powder: I0SP)9] YA E), YEE I, zeta potential, YL =
58 A B, 10SPE A Y YREA s
Al Mg(OH), -3 2E& 43ty XHd $H3E "okl Bu
A TE Kim (1999, 200002 FE 9] JAFE], YEEE, zeta
potential, ¥ L% 5& ZA Hud91, FE= 5439
g3 A JAEH FFeAM A FHE
Hstel] i FEAARHESE 2e 554435 EAS
YEtdti B s}y o)

g ol A WAg Hzo Bre g7 SRS do7]Y]

o = vl Fulet delol At grH oz A B
L gr ol A4 (raw wate)F SE AT & wf SHEBZAZA
HEU|E HEYV} $F AFEHIT a1, oA A &
& E£9% ¥k ol flocd] A=t AAEAE MNAAAIA
Fv 235 Jeldt} (Benefield et al, 1982).

e g FAsME wi 9= 10SP YA &
A3tg w1 A 27/ L FE 4A Alojdle Fnz-23

stel As o] dolume QA A FrelA WAlEe et
2] 218 (electrical double-layer attractive force: EDL attractive
force) vt oy} HlddrA Q)® (London-van der Waals
attractive force: LVDW attractive force):= 37 Zg3to =
g Wz 27E 3 AAT 4 Jow, FEE floc
Azsln F73Ae] Holvez 105pet e AME-SE FA
2odE £ UL FAo=E AL

£ A= 10SPY FEE F7 AMgele] H2AEIAE
S AAY | SRS Ar)EeEey B4 HHx2H1E
oz, $HEL] HAEA 54 (theological characteristics)
& AEsE Zlolth

R

B AFoA AHSE 10sPet &9 A B Ze]sletE
AL Z4yzh oA HRHE =1 Kim and Cho (2000) ¥ Kim
(1999, 2000yl 71&=o] it 35=ZF Al I0SP, OSP (oyster
shell powder), & 2 (loess) U 5‘11"3 A7} (RTO)YS]
zeta meter (Model 501 Laser Zee Meter, Pen
Ken, Inc., US.A)E AH&3te] S %Th

£ A7l AT ARARE Tl AP FE2F
Cylindrotheca closterium®} Skeletonema costatum-<- EH"‘Q: ujj F
@ Zlolm], HjdA ] AR Table 19 A0} Wi ¥ & AA)
MFE 0.45um F28F7A (Millex®, Millipore Corp.,
USA)E o] &3to] o2g F 60Tl A 4715t B2t T3ty

zeta potential <

FEd A2 &3 717

Table 1. Constituents of culture solution for red tide organism
(diatom)

Materials Concentration (mg/L)
CuS04-5H0 0.0196
ZnCl, 0.021
CoCl-6H,0 0.02
MnCl,-4H.0 0.0036
NazMoQs-2H.0 0.0126
Na-EDTA 4.36
FeCl; 3.15
NaNO; 75.0
NaH;PO4-H,0 5.0
Thiamin-HCI 0.1
Biotin 0.0005
Vitamin B2 0.0005
NazSiO3 15.0
Sea Water 1000 mL

ZAEAE A Gl A8k A A HZA|E 9] pHE
9.530]1 HZAE (FE2H) F1 oF 2.18x10° cells/mLO)
At

I0SP, 3%, I0SP+oessol| 23+ 82 HL2 6719 500 mL2
Hlo]A o] 400 mLo] HZwFH-E 747t 3 & JOSPE 0,
50, 100, 150, 200, 300, 400, 500, 800 mg/L, +EE 0, 200,
400, 800, 1,600, 3,200, 6,400, 12,800 mg/L, 10SP+oess:= Table

29} Z+o] BB}AL jar testerS AME-3Fd G-value 139 sec™ ol A

4527F F&udh 1870 S5ane 3 & 147 B9k UAs
Atk 1A F 45 4mLE HtA 72F 1Y (2T
A WEBE 112 EHor 1T F AAFE ETAS

N1E )83k AFstHnt.

Table 2. Concentrations of IOSP+loess used for the coagula-
tion experiment

Concentration (mg/L)

Coagulants
IOSP Loess
IOSP +loess - -
" 0 200
» 0 400
1OSP +loess 50 0
" 50 200
" 50 400
|OSP +loess 100 0
» 100 200
" 100 400
IOSP +loess 150 0
" 150 200
" 150 400
IOSP +loess 200 Q
" 200 200
” 200 400
|0OSP +loess 400 0
" 400 200
» 400 400

20023 82 B9 A AMkE E = sfd o A IOSP+Ioessﬂ
T8N AL8-3t] Cochlodinium polykrikoides 825 A7
S @RUEE e, 23 5719 = ol 242
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Az 99 g AfaL, T FRole FE 100 mg/l

£ Fxoll= 10SP+Hoess 25+100 mg/L =7} 5 X I0SP
9 =S Wish 2] B2 o 302 A% AL T A3
FArk 5% Fol AAHNE FHstA ASFFHITHAELH
(1998)el wekA Chlorophyll a2 2743ttt

IOSP 200 mg/L, BE 200 mg/L3} 1 EFEL o] &3l
AAIG H2AAEYAS] g9 - Y (flocydl] Hg F1
g A4S HES] A3t d23AE A3 A S8%
X coutte type rotational rheometer (Rheolab MC 20, Physica
Co., Germany)E AHE-31t}h. AA9] cup radius= 13.56 mm,
bob radius 12.5 mm, 222 1.06 mm©]t}. bob2] 3] A 215}
o] F20}Z] shear stresst= YO E HEE T o]o|A] HIFE o
o8t AlAtdE F 715 A (recorder)oll &3t 7]&5H o F}
B Ao 2HLE 18T, 0-500 sec’ 9] M)A shear stress

vs. shear rate?} viscosity vs. shear rate® =43} Hr}

= =
ol =0l M 10SP, EE, HEHSAA}L AtO|2] MIIS
&t S
Fig. 1+ IOSP, OSP, StE #¢ (loess) ¥ I=AEYA -

(RTO) 5ol 5t 3l%9] zeta potential-S 3 AFE
BAFEa gl dlEodlA I0SP= 4.8 mVE) positive zeta
potential S e WHE, OSp, BE, JxAEUAE= ZHzt
-30.7, -12.1, -9.2 mV ] negative zeta potential- > “ERA AT}
53] osp= slsFolA vl
et 2ot

Fig. 2 #|¢FolA 35 F el 10SPY] Mg(OH), 4%
I HZFYEYA D FEQJA Alo]9] interaction energyE AHl4F
331 1 WS HAZED sl5FolA 10SPe] Mg(OH), $2
B AZAAZUA B FEYA Alojolle

A & negative zeta potential S

positive-negative

Zeta potential, mV

Fig. 1. Zeta potentials for IOSP, OSP, loess, and RTO in
sea water.

EDL ®F5-0] dojutu 2 o]F Alolol= 814 EDL attractive
force7} ZH838HA H 12, 10SP-loess AFeloll A A-23}= EDL
attractive force”} IOSP-RTO Atolof|A] 288l PR} i
&g Yelllaz 3ltd Folkman and Wachs (1973)¢}
Israclachvili (1982)%l] oJ8td 7 Y=} Abe)o]] Zgahe 19-&
" FAHelA Hoig-E debiA "t
Fig. 2914 LVDW attractive force”} EDL attractive force
B}y F3she T AR AloldlA WA ZEgo 24 total
interaction energy$} LVDW attractive force”} Y38l gk e}
Uz J5S & & Utk sAlel AlE H2E ol wel Mg(OH),
SAEN 23 H3}53} (charge neutralization)ZE 13} YA}
Fzrel SN SvF Ql¥e] &= primary
minimum®l A Yoyt DLVO (Derjaguin-Landau-Verwey-
Overbeek) o} 2of Wz} -SH 932 H|7IHF o] H} (Over-
beek, 1952; Israelachvili, 1982).

4e-12
------- EDL attractive force {IOSP-RTO)
3e-12 1 LVDW attractive force (IOSP-RTO)
o Total interaction energy (IOSP-RTQ)
o 2e-12 {| — — EDL attractive force (IOSP-loess)
& LVDW attractive force (I0SP-loess)
é 1e-12 4 * Total interaction energy (IOSP-loess)
®
]
o —
= Ve
8 -1e-12 7
5 .
£ o/
= -2e124 -/
3e-124 7/
-/
-4e-12 T T T T T
10 10° 107 102 10° 104 10°

Separation distance, nm

Fig. 2. Interaction energy profiles for IOSP-RTO and IOSP-
loess approaching each other in sea water. The zeta potentials
are 4.8 mV for IOSP, -9.2 mV for RTO, and -12.1 mV for
loess in sea water. Hamaker constant is 5x10™" erg.

Fig. 32 sjFollA 45 H2ete SEYAY} H2AEH
A} Atolof| A8} interaction energyE AlAMET 1 HES
Rt djgox FEPA} H2EYALS] zeta potential
L Z47Z} -12.1, -9.2 mvelil, EDLE] 5= ¢ 04 nmE =3
SFE AEjolth ol AHEldA F YA BE FoE AS
SE Z7HZOA LVDW attractive force2] Zoigke] EDL
repulsive force®] AUlFRT I & 3 Uehd. ow
gl T 1FEe UF FE Na© o2 F 05M, Mg™"
o] °F 0.05M T)E It FEAXS} HxHE YA
EDL9] FAI7} 53] kAl 455 o] EDL repulsive force”} <]
ZA3HA 7] W elch Fig. 3914 FEUAS H2AEY
A7y Aid: HZgoll wEl EDL repulsive force”} 2-8-5H =1L
o] AL LVDW attractive forcedl] T3 o= gro] 7AHA O
2 vehtA 8 Aot
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Fig. 3. Interaction energy profiles for loess and RTO
approaching each other in sea water. The zeta potentials are
-12.1 mV for loess and -9.2 mV for RTO in sea water.
Hamaker constant is 5x10™ erg.

o]/ 794 I0SP-RTO, IOSP-loess & 7kl 21o1A]
Z} dAF AAY] EDLE AHAsI=d 22 HE AL (the
relaxation time of electrical double-layer)® zF A} A A<
EHAEFE Az A8 EE A7) (the time for the
Stern layer adjustment)®] EDL repulsive force”} 2H-&3l= &
PAret AZBEYR Atol Bt ZA GHHo =N FPIE
2 ) g 2&3HA oA ATt (Overbeek, 1977; Lyklema

and van Leeuwen, 1982).

HEMEX SEHEM

oz 714 10SPe] w5 tigh A=A EYR e SHAA
F-&2 Fig. 49 YEY 9t 10SPe] F% 0, 50, 100, 150,
200, 300, 400, 500, 800 mg/LolA Z+7} 0.0, 73.9, 85.3, 91.3,
96.4, 99.6, 99.8, 100%Y] ZAHE°] 33 AAHJD. A2
EYAe] SRAA EEL 10SPY) X7} E713H uleka]
A&EgpH oz 271890 (Y=53.81X", R>=0.9868, 0<X <
500). & I0SP2] ¥= 50-200 mg/Lol| A #23 Z715 Kot}
7} 10SPe] B=7} Ald Su1gel wekx] FH Al SU1E
YER ATt 10SP 400 mg/Loll A A ] 100%2] 2= &Y=}
7t &3 AMAHJD.

Fig. 5& 48 71A FE9 Tz tid HAZAEA} e
LHAA £ B3y Jdu FEY F% 0, 200, 400,
800, 1,600, 3,200, 6,400, 12,800 mg/LollA Z+Z} 0.0, 59.9, 72.0,
78.1, 84.4, 92.4, 98.2, 100%2] A=A Fo] &4 AAHAT
HZAEUAY SAAA T8 FES Frrl F718 o)
webd A5aego s Zr1eant (v=36.04X"", R?=0.9906,
0<X<11,000). & 200-800 mg/Le] HlLF ¥} IE FLo
A FAH% F71E Holtyt FES R} Al S
M A gk F7HE JEhgdY AxAES B
6,400 mg/Lol A 712} 100% 57 AAH AT
Fig. 62 g} 7}7] F% 9] 10SP+oessol] W3t 2 EQY

A dxAE &3 719
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120
=
> 100
B
T 801
[=]
£
2 60
O
T
40 -
20
4] T T T —
0 200 400 600 800 1000

1OSP concentration, mg/L

Fig. 4. RTO removal rates for various IOSP concentrations.
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Fig. 5. RTO removal rates for various loess concentrations.
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Fig. 6. RTO removal rates for various concentrations of
10SP+loess.
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Z3 it} Table 32 10SPY} SE

78] EJAA = o
2} 10SPE ©@Eo 7 ALEE HL9
A

_O__
5 A ALEE AS
SAANAEES lﬂfz
Alel] AMEE 799} 3
5&E vag &401@.

Fig. 67} Table 394 IOSP (50-400 mg/L)E ©E0.2 A}&
3 A9o) vsle] [0SPHoessE ALE-EF A7)t SRAAES
o) 0-16.7% Z71H I, 718 2 S7H8-8 10SP+Hoess 50+200
mg/L (SHAALE 90.6%)°14 YERGTE I0SPE ©Eo=
AHE8e] o]9} A FYd SHAAALE 91.3%)F 27] 9
M 3 e B2 FEQ 150 mgLE A-E-slof dit). wiek
FEE 502 A83ld A9 U SHAATE (92.4%)
<& A7) YaAE 3,200 mg/LolEtE IFEY FES ALR
of gt} Z+zhe] 10SP F= 9 4 AME-3 FE L] X% 200,
400 mg/L. Atololie SRAAMAEE L Rol7} A2l ENLZ
%t} 10SPe) FErt 713 wel 10SP ©E ARg-o gk
[0SP+loess?] SRAAAEES] F7te Ad FAsoprt
10SP+oess 400+200 mg/LAA| A 00] F itk & 10SPS F%7}
Z7sel wet FEE SFAALEY Sl & YIS HHA
A Z3tH T

o|t}. Table 4= IOSPS} HES &
5oz AT A9 SXAA

Table 3. Comparison of coagulation rate for the case of using
IOSP+loess with that for the case of using 10SP only

(A) (B) (A-B)

Table 4. Comparison of coagulation rate for the case of using
TIOSP+loess with that for the case of using loess only

(A) (B) (A-B)

Conc. of Coa Conc. of Coa Increment of Coag.
I0SP+ 9: : 9. rate by using
| rates I0SP rates
oess (%) (mg/L) (%) IOSP+loess
(mglL) (%)
50+200 90.6 50 73.9 16.7
50+400 88.7 50 73.9 14.8

100+200  97.2 100 85.3 11.9

100+400  97.8 100 85.3 12.5

150+200  99.3 150 91.3 8.0

150+400  99.6 150 91.3 8.3

200+200  99.8 200 96.4 34

200+400  99.8 200 96.4 34

400+200 998 400 99.8 0.0

400+400  99.9 400 99.8 0.1

Fig. 63} Table 494 ZHE (200, 400 mg/L)E HE0.8 A3}
748-of| Hlsta] 10SPHoessE A3 971 SAA AHEE 0]
16.7-39.9% Z7}8tAct 714 2 =718 10SP+oess 200+
200, 400+200 mg/Loll A vFeldT) 3HH Fig. 6914 B EE ©
508 ALg3l Ao YT SHAALE (98.2%)S A7
AAAME 6,400 mg/Lolehs 1T ES FES ARR3)of ST}
& 4= gtk EE [0SPHoessS] 7F-flA FEY F5
#Aglo] sl FeolA FHsE w= 10SPe o
Fago] Hslstgdoh

A2 %o 2 [10Spet IEE il /\]"Q‘o}‘\— A% $He
driving force= FEAA AAsE wl= 10Spol| 23}
2 AFHD FEE e J0SP 3% (50 mgL)olA A&

o[o ox Mo
o)

o ¥ 1o

Conc. of Increment of Coag.
losp+  C0ag.  Conc. of Coag, rate by using
rates loess rates
loess (%) (mg/L) (%) |IOSP+loess
(mglL) (%)
50+200 90.6 200 59.9 30.7
50+400 88.7 400 72.0 16.7
100+200 97.2 200 59.9 37.3
100+400 97.8 400 72.0 25.8
150+200 99.3 200 59.9 39.4
150+400 99.6 400 72.0 27.6
200+200 99.8 200 59.9 39.9
200+400 99.8 400 72.0 27.8
400+200 99.8 200 59.9 39.9
400+400 99.9 400 72.0 27.9
2 Z/AE REAES Jehih 2 10sPe) FE7t
Sl W) P SAAARES) T 2 FBE o1
A R

Cochlodinium polykrikoidesOl| CHE H&

Fig 72 204 82e] Chlotophyll @ 59} FE 2
10SP+loess = A 2|3 3] A3l Zol FolglE Chiorophyll
a F=F BAFI o) Fig. 8L IOSP+loess°ﬂ 2] &}
Cochlodinium polykrikoides9] 37 AAE ZHS HoFo)

Fig. 7914 ZE 100 mglLE AM§-3+ 7% 59. 2%4 S3A
AZEEE e Sl 10SP+loess 25+100 mg/LE AFE-3F 74
-l 98.6%2) SAAALES YAt 5 FE 100 mg/L
ol IOSPS 25 mg/l 7o g AAAR L] 394% A%
%718tk o)== Fig. 63} Table 4914 10SP+loess 50+200
mg/LE ARSI FZF (Cylindrotheca closterium™} Ske-
letonema costatum)s 537 A A3 2 (AAHEE: 90.6%, 5
7HE: 307%) B0 52 AAEEY SUHES HoFa ot

00 mg/L, % 200 mg/LF} 1 EFES
g%dz}«i SRS S A

shear rate vs. viscosity =

O]J‘lo}oq % ”\] Az
shear rate vs. shear stressE, Fig. 9(B)x=
e 2eizolth

Fig. 9(A)oll X =4 E shear stressi= 0-140 dynes/em”™2 e}

U, =& S Y0] non-Newton 53| (non-Newtonian fluid)<]
EAS BoF 1 gt U] Baly HEASF (viscosity)E
Newton A (Newtonian fluid)oll tha}Avt Qu|& 7}x|0,
o] H-9- =A== shear rate vs. shear stress L& Z 2] 7]2 7]
7} B} non-Newton 4] shear rate vs. shear stress —L2] T+
dntA o2 vl (non-linear)yS WFERN T, 2279} 7]&-7]=
SLE shear rate gteoll et H3}3kc} (Hiemenz, 1977). Fig.
9(A)ell Al el Y U9 He] BR7] JE (apparent
oA 71&718 UYehl= ZH5=9] tangent 340]

viscosity)= 71
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Fig. 7. Remaining chlorophyll a in the RTO (Cochlodinium
polvkrikoides) solution after coagulating by using loess and
[OSP+loess.

Fig. 8. Microphotographic image of Cochlodinium poly-
krikoides coagulated by using IOSP+loess in sea water.
Magnification is 400 times.

9t} (Hiemenz, 1977). Fig. 9(A)oI A 10SP 200 mg/L# 2 %
AEQAL] HE shear rate7t S715o] wet 2R =
7t A A7 -2 shear rateoll A A2 05 VERASL
. BE 200 mg/Le) BFE 22 shear rate2] 3 gholl A thas
S7HE shear stress &, & @EX) (vield value)E R 7]
Ao zHN 2 HoMe RV Fx7t §43] 718ttt
b A FAaste @48 JERARITE 10SP+Hoess 200+200
mg/Le] A= oleigt Aol HS E9ste 2R HEr}
Aol 73] Frheitbrl 5 48] HAsE s vEhde
24 L shear rateoll X FEHAE 7HAE ©HAA (elastic
body)e] 54& F8lo] HAFQG. ol &}t £ AER
A Y9l YA (unsymmetrical particle)7} $+& 5 3§

Bl A=l &4 721
160
140 A
~ 120 |
£
L
g 100 4 —@— I0SP, 200
=y O Loess, 200
g 80 - —w— |OSP+loess, 200+200
o —7  RTO
» 604 O
2 o)
(]
o 404
0]
6 6 { 1 1
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| \ O Loess, 200
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Fig. 9. Shear rate versus shear stress {A) and viscosity (B)
for IOSP+loess concentrations and RTO.

ol
(A71- = 32k Mg(OH), S485)°] 719 &H0lA] &=
e EHA geldlslsl o] A o] B2 shear ratecl| A A <]
EAS Je) 7] W&ot} (Hiemenz, 1977). Fig. 9(A)°l A
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