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ESTIMATION OF COAGULATED ALGAE FLOC CHARACTERISTICS
BY SCANNING ELECOTRON MICROSCOPE
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Michihiro AKIBA Kohki GOTOH Syuji NODA Atsuhisa SATOH

ABSTRACT ; The coagulation characteristics of four kinds of suspension, such as Chlorella
sp., Dictyosphaerium sp., Microcystis viridis and Kaoline, was discussed by the results
of Jar test and photograph of Scanning Electron Microscope (SEM) and Energy Dispersive
System (EDS). Although the turbidity of Dictyosphaerium sp. is the highest of the four
kinds of suspension at the optimum Alum dosage, its zeta potential is —35mV and the
smallest of the four kinds of suspension. From the photograph of SEM and the analysis of
EDS, although Aluminium hydroxide insuffciently absorped on the surface of Chlorella
sp., it stronglly absorped on that of Dictyosphaerium sp.. Although the floc of
Microcystis viridis and Kaoline was easy to be formed by sweep flocculation, the floc of
Chlorella sp. and Dictyosphaerium sp. was easy to be formed by adsorption of Aluminium
hydroxide on the algae surface. Therefore, the coagulant dosage of Dictyosphaerium sp.
and Chlorella sp. becomes larger than that of Kaoline.
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KEDEXRBILL LBKELLOPT, BEOCHELEPATHB LD OBKBESHEEATY
300 ke MEMEKEET2EKEPOBEESNTVS X, Microcystis sp. RU
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2. RBH#E
2.1 ZEBHH

HAEFE R, BEREEES L L VBEESM L Chlorella sp. EWHR)INBHEBH I v BEESHL &
Dictyosphaerium sp. R CUEVBRBIERR L D 235 L T2\ Microeystis viridis (LI FM. viridis) %
Wiz, ¥ UTM. viridisid Table 112573 M—11581%, Chlorella sp. & Dictyosphaerium sp. 28R
PRCEBERIET L EN0B EDTA 20 M-I BE o, BRI, EEEBYNCELREGERY
ERELTITV, T2EAEREICHBRIVL OFBHo N s 2Mo b 2R 0ic, BERSFIIERER0TC,
TRE R P E A O BT Ic X D 2.5klux OESEEE & Ui, £/, Jablel Composition of H-11 medium

BROBRAERET 5D CHEERLBEERTH ALk, BHESR component. | (mg/1)

Bx7-—Ry7hoOEZREI2um 7 4 VY —2HRESRDIT LD ﬁ‘;‘ﬁ%ﬁd 190
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Table 2 Condition of suspension

DBEAFICHEE LD :
zeta’

-z DI Sampl Tupbidi S j - i
DERVE, T OREK anple et | gy | PSR | (SBig [rotential(aV)
i2 NaHCOs 2L T 7 pH7_| oHS

) Ch , 40 16.0 . - -
VA Y BE30mg/] i R eblup sp. 40 13.5 9:539 %2? _§§ _§§
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BERUAA ) vOEEKE T oy 2 OREZBET S /20, EBAREFEME (Scanning Electron Micro-
scope : YIF SEM) KX 3 BEHEBE 2T - 2o
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ANT, FHldml & L, 8°CT 2 RRIEE L 7o, RIEER, 0.1M ) v EHEEK TIONHE, 2 HEGEET->7o %
BEIE (MBRfbA X 3 v 4) i34 BPUER{LA 2 3 & 525m], 0.2M Y VBB E 5 ml, ZEK25ml £ AhTE
10ml &L, 8°CT2HHIfT» 7z, REIER, 0.1M Y VEEEEIR TLOE 2 BIgEE£1T- 7o Bk, 50, 70, 80,
90, 95, 100% DL/ =¥ Y —IX%BRT » IO EEE 20 51T -7, Bk, B4 v 7 I 1ml
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TV, BE~OHFEWC>OWTREENA 72,

3. RERUEZE
3.1 pH7 TOREEEL Y~y EBAI

Fig. 1 B2 & 4 Chlorella sp., Dictyosphaerium sp., M. viridis iU A 4 ) YO pHTILE T 5 Y v —
72+ OHRERT,

BEBETH S L 4 >DRABF TIEM. viridis, Chiorella sp. BB &EL, W THA ) v ERD,
Dictyosphaerium sp. WO AE L, BEMEE L CEYBESE, IENUTERI L 20EEEA KT 3
& Table 30X 3105, T T THREIE GBS LY, SEUTORRIAERNL 7oy 7 HENICED oL

BERELEETH B, Table 3 Coagulation results of Jar test (Alum)
HERECHRESEEZEET S dosage (mgAl/1)
&, 5~ ToRBBEEEE Sample pH | residual turbidity zeta potential
BiTiE Ay v IREERTO.16~ <10 <5 isoelectronic | -16mV | -20mV
(deg.) | (deg.) point
0.3mgAl/l TH 2 DIzt L, Chlorells sp, 0.8 0.8 6 1.2 | 07
Chilorella sp. T 30.8mgAl/l, el g |7 83 8:3 3% yE | 13
. , aolin 0.15 0.3 0.3 0.2 0.13
Dictyosphaerium sp. TI30.5 Chlorells 5p X X n 0 X
megAl/L, M. viridis <43 02 et R S I O N A I R I 5
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SVALTH (73 =9 &/BER) TH 4 ) YORERBRV, EBKEESRGET T 28REHO ¥ -
SEMREBETRE S, 44 Y YEREROAERED L 5 KER ¥ — 5 BN (—15~15mV EUAN) DL &
KBENREENTVSY, i, LBKOBEET 0.1~ 2mgAl/l THRAKETL, RUBES S EUT
KHZOR 7oy /DE—~ Y BRN TS ARE>ThETHS, HICK L, Chlorella sp. TIHEEHEBEHN
SEELIT &R ¥ — 9 BALIZI —15mV, M. viridis T& —22mV, Dictyosphaerium sp. T3 —26mV il &
{E\, ¥ 7z, Dictyosphaerium sp. 3T 5 4 DOBRBYEP THRELBEVEZTT,

Table 3iz pH7 TORBK O € — s B L KAEBOBGZEER L, ¥~ BN ¥R 2SBEROXKTE
BH 4 Y v50.3mgAl/] | E/NE L, 2T Dictyosphaerium sp. D 2 mgAl/l, M. viridis®3.2mgAl/1 T&
Y, Chlorella sp. i% 6 mgAl/l &B b K&\, Chlorella sp. \§ Dictyosphaerium sp. & EXE LEFETY -
S BALA —10~—20mV OFBEhEL L, BEREZGRIFCLEY, 7oy s0d—sBiE oI T
Biho 3 >0BELVEBOGERNEAELEET S, Thickt L, Dictyosphaerium sp. I EBOHMIC
L, TAHLHICEBRICES, M. viridis i3 Chiorella sp. & Dictyosphaerium sp. D O HE%ER T,
THbE, —26mV~—10mV £ TREFBOWMIC L > THHBOELZ/NEL, —1ImVHLLEBRETHE
THEPLPEENTE, -9 BAE - 20mVHoFERETCORBETMEET 2 RTIEOHEMI
Dictyosphaerium sp. & # & ) v 5H2.30&, M. viridishB#2. 15 TH 3 DXt L, Chlorella sp. i3#18.6f5 & 73
h, KEBELFD LI,
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Fig.2 it pH5 K B 2 ERMORELEREZORBBE LFER 70y 7 O ¥ - S BALETRT

pH 235 DS, BRBEN 5 BUT & 5RER I, Chlorela sp. (& pHT7 DS LD ETFEVSIZEEC
T BH, M. viridisTI3# 2 £, Dictyosphaerium sp. TR, #4 Y VTCRHNABORERELELT
3, sk, pHS BT —10mV & THEE2 DT 2 D LELIERER W Chiorella sp. TR pHT TOD
M D#83%, Dictyosphaerium sp. T33%, M. viridis 21%, #4 ) v TI3% Th b, EFEBHI TOREE
DIFAIT BTN ETN28Y, 35%, 53%, 8% T B i Chlorella sp. & ¥ — 5 BALA —10mV & TOFH
BHfIA pHS & T TRHHEVZRELR VY, FERETORTRBOEV S OMFHTSH 5,

ZhoidpHS5
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Fig.2 Residual turbidity, zeta potential vs Al dosage (pHS5.0)
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i, BEOEETIESTFWESE LT, vo U, bkl RAEE, B, BRESRH S h, BE
BABBEDONTWS, BEDES, HIAREICT I FE, AVvEF v VEDO XS NERENS ZES, pHOD
BT vE: o vEORBSIIZ o, ¥— s BRSEaIRESL, AER TR pHT CoOFEHho € -
& WAL M. viridis T—28mV, fb® 2 FiHIIZ —35mV T, pH5 T M. viridis 25 —26mV T{hod 2 FlFIiA —32
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Table 4 Coagulation results of Jar Test

dosage (mgAl/mm?) x107°
Sample particle | average | surface pH7 pHS
size particle] area
range size_ | (mm?/ml) | residual | iscelectronic | -10mV | residual | iscelectronic |-10mV
(um) (um) turbidity point turbidity point
<5 <5
Chlorella sp. 2.2~4.0 3.3 2.2 0.36 2.688 0.54 0.31 0.76 0.45
Dictyosphaerium sp. | 1.4~2.8| 2.1 1.0 0.49 1.96 0.18 3.92 0.69 0.39
Microcystis viridis |2.2~3.2] 3.0 0.9 0.22 3.56 2.89 0.44 1.89 0.78
a) Chlorella sp. b) Dictyosphaerium sp.
* raw water state | raw water state
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H
Na 0. Ca o 5
]
0.000 5.420 10.230 0.000 5.120 10.230
I coagulated floc '] coagulated floc
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Ay
1
1
Os AU )
Ha Ca
Ca
0.000 5.120 10.230 0,000 5,120 10.230
S
C) Microcystis viridis d) Kaoline
raw water state raw water state
P E r st 1
v
A Ay ]
na A1 05 Ay p
K Au
0.000 5.120 10.230 0.000 5.120 $0.230
R coagulated fioc | st coagulated floc
u
Al
A
Au
Na Fe O '
F MWM X -
0.000 5.120 10.230 0,000 5.120 {};]30

Fig. 3 Chart of EDS




Table 4 i3 BAEO TR E BAMEROEREL Y, B2, REvBECHKLTVIEREL, LBKEE
5EERM, FEA, Y- B - 10mV &2 5 EEEREOBBHEAREHRL D O AIBERLILODTH S,
COFERLY pHT TEREBIBE. 5 ELT I T 33841 & M. viridis<Chlorella sp.<Dictyosphaerium sp.
DIFIEABBAXL LS T EMWRENI, &1z, HFE/MTIE Dictyosphaerium sp.<Chlorella sp.<
M. viridis & 139, Dictyosphaerium sp. B3 d AIBMDIIWT EdRE Wiz, pHE DBE, BRERELZ LK
PIF g 3123 M. viridis<Chlorella sp. <Dictyosphaerium sp. DIE, FER TEChlorella sp. =
Dictyosphaerium sp.<M. viridis DAL 13D, pHT DIEL b E & A EELIZIR WV,

PILOWMBIEY v —F A DX DSBS U & 28R EFMIT % VNNV Ti& Dictyosphaerium sp.
DD AIBEZBERLTHED, M uiridis3 Rk bHEBLEWT EE2RT, FERTI Chlorella sp. &
Dictyosphaerium sp. (2 ZIZERED AIBEHBEL TV B, M. viridisi3ftho 2 FFEOFEF L b 250
AlBZHET 5,

AER TR CHBARBERME22CR L k) KEFKC LV +AEEL TV I M Z ORI
WTRRET LTV W, 7, Dictyosphaerium sp. RREICBHSEREROBETCEENTHEZE T,
ULH» L, 5B ® Dictyosphaerium sp. TREMIETH D, CORBRERVEOFEIBFHERL TV L, L
Lans, BEOBERERIRFREHRCKEERYT 2 T LW RKRENT,

3.3 SEMILBEET oy s OB

WFho SEM BEE b EE, Bk, BRNER CERSEE, AvZBLT-TH0, REEHEEZE—ITLT
W3, Fig. S ICHERTO A Y YOI A VF-DHMMTIC LB AR P VRERT, ERBREEDORE DS
AT, Na, S, Ay, Os D E—= 2 BB oM 5, Os FRBEEHOMBMILt X I v 2 k2bDTHD, Au 3K
#EHiTk B, M. viridis DIE4, i P DEEZ S € — o S H S5, Chlorella sp. R Dictyosphaerium sp.T
BOsDE— 7 BEETLPOE— 7 BHETHEV, ORKEIE M. viridis @Y ¥ OBFEDAHD» Y »HE#E
FHRIC L 2HREEOBREI BBESATRE WV, £/, SOE—2 3 Chlorellasp TRKE WHHLOFRETIE/PE L,
Thicxl, BBEOL A Y Y TR OsOBRFEREL T, BEOL I BWERYOFAETELSN-251 YD
FRIBV, A2 Y YT, AuDfth, BIREERIED Si, AlOBVE—-7 KO- BAHLNE, TH
DORBEREROERE T 0 v 7 DFE, TV =y akfie ) VERBRERD ) Y OBREILL D, HEEM LR
RIPNVEDOs DFHEC PO - BEL B, Eic, AlOE—2 bHHEL L3,

CORRY P MED AIDAY FERWT, pHT TRERAEEOSL  a)raw water state »

HTEE X B 1z Chlorella sp. LIAIBLTOWAYWE DB R R bV
YT ETTV, #R % Photo. 1 IKRY . A7 P VIEEHROD
BEOROMPEEE 3B EAE L > 7, Photo. la)RidREED
Chlorella sp. DFEZX 2 M VT Fig.3 (a) R AlDFEL TV
W — 2 jREEA IR T, Photo. 1 b)KIIBEEE U 7= Chlorella sp. DR A
~y P VETH B, AY b VDEE & Ploto. 1 a)M OB D
N=2 kY, BEEONEFEYOMBETRAEB->THY, WHHK b coagulated fioc (PH7.0) §
Al OFESHERE N, ; ’

Photo. 2 ~5 2, ZERK OKREEORAL pHT RV 5 TEHRES &
fe7ay 7D SEMEEZRT, a)RIEKEE, b), OBMBENZE L
pHA 7, 5 OBEOEETIT v 7 TH B,

AFEY VRIRROFEIRE L TEY, &/ Chilorella sp. (FHEM2.2
~4.0m THINERE 1$E 5 2 TH %, Dictyosphaerium sp. TIIHL
Ehi14~28 pm THIREEE LHRET > TV 508, BILER <% —
BOERGYHEOIFHEIC L2 bDEEX SN 5B, M. viridis TR E Photo- 1 Lino soan anafyss of EDS (Chiorela <0
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a) raw water state

b) coagulated floc (pH7.0)
Photo. 2 Chlorella sps f . s

c) coagulated floc (pH5.0)

x10k 2000

Photo.3 Dicty gherlum Sp.y

N x10k @815 25KV Sum i 24 2 i xleﬁ@saé
Photo. 4 Microcystis vlridl%% . ;

»

Photo. 5 Kaoline §

x10k 0048 25KV [ xS5. 0k 8044 25kV 10um x10Kk 0041 25KV Sum

2M22~32umTHy, REBEHEHNESHATH S,

pHT DL, A2 Y vORET7T oy 7@ TN =y AKXk h 4 ) VRIFSHHREhTO R0, KT
FH I — 12 f+8E LTS\, Dictyosphaerium sp. TREEARF—HICEHEZFICT VI =9 Ak OFIEH
RoNn 3, Chlorella sp. TIE7T VI =9 sk BBAREICFIE—RRICHABLTVB XIICRI 35, &
FEBCTHANBOLITIVERSELET S, LHAL, HF7ay /B THREEREITIBEEALET VI =g a7kF09
BHEZELTCOBWEELNZRES 7oy 7 hiclYAZTNTOIEFRBREZ T 5h, M. viridis TZ DR
PHFICBRE CTH 5,

CDSEMERELE Table 3, 4 DRI S, pHB TRETHhBEH O W T oy 7 2K T 2D
Dictyosphaerium sp. GBNIBEEL D D AIHEBSR DR E VA, THEBERE—EIC ALK B RE S
51D THBLEELOND, E1c, M viridisiZHAREYE D O AIHEESR /NI VA, Thid—EBic Bk
FREICIEEALE AIKIIMERESETOROEES 7oy JHRIKIRDAEFNTVWE D TH D, TORFEIEN A4
) vDOSEMEBREEMYUT WS, E 1z, Chlorella sp.i& Jar test DFER & SEM B » & b Dictyosphaerium sp.
& M. viridis DR O ER S, £, pH5 TO SEM BRI pH 7 DG 13 E ALK O IZ0K &
RHOHNIE 0,



SEM B8 &, BiRoEE, Bk, Bl Eicky, Kb s 7oy 7REBEFA—RECTHFHRITE RV L
BRAOND, BEEANO AIKOMNERE QLKLL)) SHLEOBRKSCELLLTOE 60 LER
>Nb, LHL, BEEAD Al OREAEREIC>VWTRBERESSZEEX TWVWE, T, pH, &
EOREIREPFERIEESOBKKESRE, BEFOEAR, M BAGKESEOBERERF XD, BEOD
TN =g KN OI D ABTEESEIL L, BiE - RRUESEELR T2 50LHESIL S,

4. F&DH
BREIED Chlorella sp. & Dictyosphaerium sp., BB D M. viridis RO A 4 ) Y EHV, FKEE%Z40

BELTYry—FRAMRIIBEERETY, TORERKMESL SEMCL2EREBERCS T 2 VF - 08O

KO ROHREE T,

(1) BERETHIES, pHT T Chlorella sp. BEB7 VI =9 AlkkZ Y+ —F A TR LEBKERE
BEL, A Y v ED BEV-2mVHEDE— S BATEET 34, SEAE TOREHNEARIRLK
< 6mgAl/l1 &0, A1) v O/ EIL B, £ OEERY I Dictyosphaerium sp. & M. viridis ©H
HORFHEETT .

(2) Dictyosphaerium sp. 3 LBKEEBEOE VY, O3 >OBHE L HE L TR LEV—26mV Lo+~
B TERETRETD %, £/, BUBGKKRERLL O AIBERoZRME IV KEL, SEMEETLE LR
Eic ALK S —ETE L T2 oMEE s i,

) M. viridisBREBE 5 BT T 2 RERIMhO2EHOBEA LD DB WHFBR TORMBERERY
DOREBIMOBGOK2ELL S,

(4) pHM5DIES, BREBEEHNS ELUTIC/L 2EEEIE Chiorella sp. TR pHT LB EAERLTH 3,
Dictyosphaerium sp. T 8 4%, M. viridis T 24E, 74 Y vy TRAEEWIM L, EL, EBRETOXR
EEiZ1/2~1/4cR&ELBP L,

(5) SEMick ¥ 7 v v 7 OEEIT LN, BEMICIE Chlorella sp. DBRERRICBARY—BLTALI=Y
LK O EMB S B 45, Dictyosphaerium sp. TREBHE O - LIRS BONENHREI L S,
Muiridis TR 7NV =0 AKMPO B EAEMBENTORVEALBEEI N, COBEREIZ ) YD
bOEBMULTVS, LM -T, Miridis®A4 ) Y RBERT VI =0 2k BESRDRAENT
BT oy s BERENBOYDIIIL, Chlorella sp., Dictyosphaerium sp., TRBEHERE~NOT NV I =
9 LK ONBOBEELZ0T, KEAMORER I 0y 7 2BRIFICEFELVE OBEEH %
WBELTIZHDLEEILND,
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