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A Contribution to the Formation of an Activated Sludge by the Chemical Flocculation Using an Algal Biomass

. On the Microalgal Flora of the Flocculated Algal-Biomass
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Table 1. Culture media for green microalgae
1) Inorganic culture-medium for isolation of green

microalgae
Mineral solution™ 1 1
KNOs 2 g
Yeast extract (Difco) 0.1 g

pH7.2

*  Mineral solution

KzHPO4 0.8 g
KH2POs 0.2 g
MgS04-7H20 0.2 g
NaCl 0.2 ¢
CaClz-2H20 0.05 g
Fe-EDTA 0.01 g
MnSOs-H20 0. 0005g
NazMoO4 0. 0005¢g
NazWO0s 0. 0005g
Distilled water 1 1

pH7.2

2) Inorganic culture-medium for cultivation of green

microalgae

Mineral solution 1 1

KNOs 2 g

Yeast extract (Difco) 0.5 g

Beef extract 0.5 g
pH7.0~7.4

3) Glucose culture-medium for heterotrophic cultiva-
tion of green microalgae

Mineral solution 1 1
KNOs 2 g
Yeast extract (Difco) 0.5 g
Beef extract 0.5 g
Glucose 10 g
pH7.0~7.4
4) Yeast extract-malt extract medium (Ym medium)
Yeast extract (Difco) 4 g
Malt extract 10 g
Glucose 4 g
Distilled water 1 1
pH7.2
5) 0.04M Trs-EDTA 1% Sodium lauryl sulfate solu-
tion*
Tris(hydroxymethyl)aminomethane,
(Tris) 4.85 g
Ethylenediaminetetraacetic acid, disodium salt,
(EDTA-2Na) 14.89 g
Sodium lauryl sulfate 10.00 g
Distilled water 1 1

* The 0.04M Tris-EDTA-1% sodium laury! sulfate solu-
tion is added 1:1 to an algal cell suspension, to obtain
0.02M Tris-EDTA-0.5% sodium lauryl sulfate solution.

Table 2. Reaction mixture, used for the deter-
mination of respiratory activity
{oxygen consumption)

Endogenous  Substrate
respiration respiration
Algal—(.:ell sus- 2ml oml
pension
Substrate solution,
substrate, 300mg/1- 1ml
1/4-strength Ringer m
solution
1/4- 1
/ strsength Ringer 9ml 1l
solution
BRREEEE

1. EENEERPOFE IOy 7OWMETOS
EME 7Oy 7 oMME 7 o J 45, COD 146 ppm
OBEEGRRZI0BMR TAEL, 3515V T
COD 292 ppm @ b O % 13AMK FAE" 5 5HIZ,
EDEHIIEITHENERFTH 2D, ARy PEKX
EARECHMMBO I BE %172 > 12 (Photo 1). &<
I OBBEIIONWT, EREBKOERET Oy 7 O
WIEMEIEIEE ITEN S DT H - 125, BEROR FLE
12 E S VREICIFRIEEASHEIN L TITL 2 EEE
xnt”. w7y 7 3NRE, REEOKENE
B THRTITHRIB->TVIZOT, IhVHMME®RY7 O
FOEIC D & $ L MPREEOHENE DR, MEHEO

Photo 1.

Spot-agar plates: washed-cell suspen-
sion is spotted on the agar plates.
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Photo 2.

REXEDZLDRDODHESMIZLZTIER S Eh >
fo. SEEREZAR Y NERFERETESENTH 5.

U L8R L2 E o 5 4 3 3R—TEED
ARSI N, LrbEh o i ZekicoxH
BUHRIL100% TH o 1z, F12, BROER,» 5 68
HIEEDIT, ZNHIMMIEERRIZS TR Chlorella
vulgaris IZB L, H£FEMIZH I ER—OEIMBE » /2
UOBEERTH 12, Lizhi-T, w70y 708
B 707 OB Chlorella vulgaris T, HEEs
LR #8 UCHMIEE 7 o 53 ks <, MEaEy
KEFTHIEWXE->TERT Oy 7 OIERERILIE
TLIREVWD ZEDBENE 2512,

2. THABEARDFFES B

i) ARy PERKFEHRDZAR v b o R0 8
By () 5ml (15mm ¢ HEBRE) K7Ly NBE
P200L 5L HBBLI.. COBBKE0.5%ERD
PR 55 B R EE 345 ml (100 ml =/ 7 5 2 3) ©10
BRBICHIRL, Che20C8ETFR1 hAEELK
(Photo 2).

i) BRUTs MO0 — %288, 0.5%%F
KDY Epg s (Table 1) IZEHIL, 20TH
KA T TRIOERIERE L 72, OB S CHRIEERIZ W)
FTNHERMAENRDONIDT, T DEREEICH
BAKZ 2ml INA, THICHMERARE K<BEBL .
COBE®RE 1ml &0, @&k (8,500 rpm 10%3) UL
tz #%, 0.02 M Tris-EDTA-0.5% SLS (sodium
lauryl sulfate) T30C105MIRA¥E L. COBB
HDO0.2ml % F <HEH 4 FERRY 7 VKL 8 ml i

Isolation of microalgae: pour-plate method in a soft-agar medium.

Isolation of microalgae: cultivation of
membrane filters on the culture-me-
dium, on which microalgal cells have
been trapped through filtration at a
pore-size of 3 pm.

Photo 3.

BA, 35ITHT CRIRIC 6 BRBEICHIR U 72, 5 BYRE
EO6RBEMIA, S 1ml $2o&0, 2hE2hEEL -
LE3 ym DAY T IV T7 4 0% —CREIFEBL 72,
WBER, AT I50 7405 —%100ml =7 5 2
T, 0.5% FER D RAMEE S MRS H50 ml % B 7
bz bEZE Eic#r B E, 28°~30C, BHEHTY
10AE# U 12 (Photo 3).
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troph MO = EHF L, ThHIAEEREERT S
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EREFENES. 0k LTBLNIB B
SRR MR T, BB HECB o NIk
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3. HEEMMREMROTEE & FIRREE

Gy B R R\ BE TR A R D 0. 5 % IR EIG U
1A S A A7 ADFILEEHBDT, VWITH LA
Bk % X 1% Photo 4a, 4b, 4c B LU 4d IIRT &
512, adult cells 13£%5.0~6.0 xm T FTELEIHKE,
% 72, autospores |3#££2.6~2.8 um DELRF SR
WKohotr, RE2ICHELT, CEM<RDE,
VTR EER B A WS & 146 ppm D BRI IE T OB & 13
Table 3 17K U1z &2 K EEMRIZ T L TRE INE
BINEND, COBREDCELHIEATEEHKLTD
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Aot R E R TEESE S A EREBELT

Photo 4. Algal isolates in the inorganic culture-medium: 4a, 107; 4b, 104; 4c, 103; 4d, 102.
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Table 3. Morphological and cultural characteristigs_of the algal isolates

strain Source : flocculated Cell size in #m Color of the old cultures in
No. algal-biomass Adult cells Autospores glucose-agar slant

Isolate, at the start of treatment

104(Photo 4b) .0~6.0 2.6~2.8 decolorized

122 4.5~6.0 2.6 } ”
Isolate, after treatment of Shéchi- ‘

103(Photo 4c) | distiller’s slops (146ppm) .0~6.0 2.6~2.8 decolorized

112 4.5~6.0 2.6 4
Isolate, after treatment of Shoéchi-

101 distiller’s slops (292ppm) .0~6.0 2.6~2.8 decolorized

102 (Photo 4d) ” ” ”
Isolate, algal-biomass

106 0~6.0 2.6~2.8 decolorized

107(Photo 4a) z ” ”
Chlorella

vulgaris 5~5.0 decolorized

Al-26
Chlorella

vulgaris 5~5.3 decolorized

Al-ly-3(11)

HEBIZL 50, O, BHYD Chlorela vulgaris
Al-ly-3(11) & & O ChL wvulgaris Al-25 & 5 U ©
Btz KEL, MROAS S ICEU TIN5 BEE
D2HREBANSHT, DEERDII2E1228 1213136

UCThotz. &<z, 122101 Chl vulgaris Al-ly-3
(11) BRTRE® S 12 I & 2 BRMIKE A58 & h
2. LLEDORR % SoEDER & DMLY - L Aab
THOBEVRIZDT Chlorella vulgaris DEBIZA 2 & D
EHIWTE D, AEEBEICOVTIE ChL ellipsoidea
EETEBTCHEREBFRE S INTVESY, Chl
vulgaris 122\ T ERIBREAS39C & 1 40°C HER4s X
NTOLM REEETHMEL 72 IRk O 5 84 5
LS E B 536.5C (103, 107) B L0
35.7C (102, 104) TH 12705, EBZMHh o Ttk
HREIL6CTE L H5DNEYTHSS (Fig. 1). 17,
EH ERBEI, [TRL 2L H1242.1T (102, 104)
£42.7C (103, 107) THEENE L > ¥ W% 5
DT, €DFTD40.0CE40.6CENHLOCEELDY
HRYUTHAHH.

Ty RERS MR DB D B IZ > L TRRET L 7228,
Fig. 2ITRUL1c&212, OFhoBkks, 7 La—x,
HI77 h—A, BT b)Y ACTOEBREDHTA
ﬁ?,7m7h—xﬁ:nmmmﬁ.it,vw5—
ALLOEF -2 TIIEFRIIERIENS, 2h 2
NN E>TEBIHBTCEELDEE2 5N 5.
D-VAR=Z, ¥y h0—2Z, VLV =TIV T

ﬂ®%ﬁé$ﬁ%$%?éctﬁﬁéaw6@&%M

Ufe. SETIZHMEL T ChL vulgaris " OB O &
ftiz>nTa 3 s, TNT— 2 LEFEREF ) AL
I BHVBEAERIATE 20 ChL vulgar-
sAwan)ﬂ®B®&7»:~z,7w7b—K
W7 b=A, BB b Y VAR ESHBERL, <
WE—RE+LOEA—ATHHHEEEEIHR = M
% Chl. vulgaris Al-26 IO H D EHH5Y. - pRR
THBEHE, SRIOEE 7T v 7 5 o OMMES B
Bz ny Ch vulgaris Al-26 Bl B2 LT £
DT, EFEEBROBBE,» SR TRE T, M
TUITRERE LTI B, COMEEEL T
Chl. vulgaris A1-26 LD & D 13 BB ChH -1 = &
BIRTLIERTE B,

PRI BERR O BB R I > O B b O BB
RWe & F URE CIRIREE 2 A L. Gt ER
B, Z0Va—2, JNy h—2, #5202, B8
TR LARESCBEEBELTL, hSEKIC
Eo TR BWRER TH D EARENT(Fig. 3).
—H, vUEA—2&ETU b= IOV T I ENE
WENEHMTEELDE D, ENOHEDOYE TR
BELITLIEDTEHH00H0, BRICLIVR
Kot D-)R—-Z, vy Hhu—2, YUY b—)
BRIMEBROBE S FIROERT, MRS Bk
ML OBBAZTREHS LTH2<FBTERO
EWHLME L ST,
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Optical Growth Optical Growth rate
density rate density rate
in Klett constant in Klett constant
at 540 nm (day~1) at 540 nm (day~T)
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300 <4 300 { o
o7 |
-C{ %\ 1 17
100 - 100 1
27.131.435.7 40.0 44.2 48.5 28.232.4 36.5 40.6 44.8 48.9
29.3 33.537.8 42.146.4 50.7 30.334.4 38.642.7 46.8 51.0
Incubation temperature, °C Incubation temperature, °C
Chlorella vulgaris 104 Chlorella vulgaris 103
optical Growth  Optical Grizth
i ra
density rate density constant
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2t 540 nm (day~1) at 540 nm ay
800}— 800]
"
L {3 3
500_ 500.

o |

300 ,cr/'o/ \\ 300 ){’O/

S IR L
100 100] X‘

> ‘ 5 40.644.8 48.9
7.131.435.7 40.0 44.2 48.5 28.2 32.4 36.
? 29.3 33.5 37.842.146.4 50.7 30.334.4 38.6 42.7 46.8 51.0
Incubation temperature, °C Incubation temperature, °C.
Chlorella vulgaris 102 Chlorella vulgaris 107

Fig. 1. Growth-temperature-range and growth-rate constant of the algal isolates.
~0O—O— 1 Growth rate constant.
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Sugar assimilation
Growth and growth rate constant
(Optical density in Klett at 660 nm)
Strain 107 Strain 104 Strain 103 Strain 102
Substrates 500 1000 0 500 1000 0 500 1000 0 500 1000
Glucose 2 J 2 ] p ] ? ]
Galactose )5 ] o é\\ }
Fructose ] :::::]
Maltose :] - :l :] ]
Saccharose
Cellobiose ] 0 ] :]
D-ribose
sorbitol \\s \G
0 1

o

Substrates

Endogenous

Glucose
Fructose
Galactose

Saccharose

Cellobiose

Maltose
Sorbitol

D-ribose

Na-acetate

M N A A < 20 5 BERE CIERR X ¢ 1215
78y 712 COD 146 ppm DOBEEIZKBER % COD &

—

2

Growth rate constant,

Fig. 2.
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0

Sugar assimilation of the algal isolates.

Growth rate constant.

Oxygen consumption of the algal isolates
(ul-oxygen/mg-dry weight/h)
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Fig. 3.

3 #

Oxygen consumption of the algal isolates.

H80.07 kg /m3/day CIORRMTLEL, 250
5188 T COD 292 ppm D BEH % 0. 15kg / m® / day
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Oy 7 ORME7 0 FI250T ARy NEXE TR
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Ui, 72088, EE70y 7 OfEE7 o7 OBt
&3 SRR % 38 U T Chlorella vulgaris T& -
froE17, EHETU Y 7 OMBHESKRET S LI E
niEET7ay 7 OEMERILSETT A L2
&t

ML, MRREREE, 0.02 M Tris-EDTA-0.5%
sodium lauryl sulfate I &k HEEHEALIE3 um
DAYT IV T 4T i, ERE R YT T
V74N — B, BRSO BERS S
% MO TR BER 1778 o 72, BUKRSYHE U 72 BRI
B3V h b Chilorella vulgaris THIBEIEREILEES. 0—
6.0 um DI, autospores |3#%£2.6—2.8 «m DEY
BERHETH -1z, Elo, 7L — RS TR
NH<nAHEBBELTAL AL, EEO ERE/R I
W0CTEBEBEEILTCTH - 1. BHOEMM
ST, FIva—RA, 57 v—=A, TV7 b—A,
BERES b U a% R B, £72, D-UK—Z,
Foyopu—ABLCVYLVY b=V TIIEFIRED LN
ot BREIFRCOOWTEEEERCT, 7V
a—2, 57 F—A, 77 b—R, BT YT
LAY BFENEREECH > DI, D-UKR—A,
Hopu—2, YNE R—=NEFRLRBHATE S, T
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Summary

Some experimental continuous-treatments of Shochi-distiller’s slops were carried out, using
the flocculated algal-biomass. The slops of COD of 146 ppm were allowed to flow into the floccu-
lated algal-biomass at a COD loading of 0.07 kg / m?/ day during the first 10-day-period, and
those of COD of 292 ppm, at a COD loading of 0.15 kg / m®/ day during the another 13-day-
period. A change in the microalgal flora of the flocculated algal-biomass through the period was
investigated by the method of spot-agar-plate. It was ascertained that a prevailing species in the
microalgal flora of the flocculated algal-biomass during the period was Chlorella vulgaris and the
flocculated algal biomass was transformed into and activated sludge by the further repetition of
bacterial-multiplication, succeeding to the slops-treatment.

Pure cultures of microalgae were obtained by the combined methods of the pour-plate
method, consisting of washing of the microalgal cells with 0.02 M Tris-EDTA-0.5% SLS solu-
tion followed by the filtration of microalgal cells on a membrane-filter of a pore-size of 3 #m, cul-
tivation of the membrane-filter trapping microalgal cells on the culture-medium, and the streak-
plate method in the inorganic culture-medium. All pure microalgal-strains belong to the species
Chlorella vulgaris : sphereshaped with the cell diameter of 5.0 to 6.0 pm, and with autospores of
more or less depressed sphere with the cell diameter of 2.6 to 2.8 p#m. They are bleached in an
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old culture in the glucose medium. Their optimum growth temperature is 36C and maximum,
40C. They assimilate well glucose, galactose, fructose, and sodium acetate together with much
cell-production, but their growth were not supported with D-ribose, saccharose and sorbitol.
Their substrate-respirations reached the same result as their assimilations of sugars did : glucose,
galactose, fructose and sodium acetate were used as respiration-substrate, but D-ribose, saccha-
rose and sorbitol were not used.



