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On the Microflora of the Sea-Water-Activated-Sludge,
Especially on the Microbiological Structure of a Floc

Ikunosuke TANABE, Hiroshi KisakI, Motohiro HARADA and Hiroshi Kawajt
(Laboratory of Applied Microbiology)

#®

ﬁﬂM®E%Kﬂ%E¥T£5Eﬁ%E@ﬁ@%ﬁ
DI IR IRIED G R CH B & L33 -CIR I
HLU TR D. Fie, ZOHER O REICEE X
D TeDITNTHEKTE TR ED L 5 I o <
FYVARKFEL T D0 WHMCL, FRICE LT
BEMER X Tioble d Tl bicl, FRTo 0K
i - T CIGERIEIC X % faKiGHBIR DM A
HEBELLEL, V=) v 27 vy £ —DYIHzhER
wER T B L BROBERY e MM Aavobacteria,
Achromobacter-Pseudomonas F% 33 T (X Corynebacte-
rium roseum P HHED I 5T B FHEE L0,
TID L STeMIEN BRI D Y T BEKIERE B R D
%&%&féé?ny7¢©ﬁ$%®%ﬁ-%&%%
DDNCT B T LIXFERBEIC L AR IER 1o E kD
BT —DDHL L ZBDIH L, BEird L ~<Lk
ZryZbL, 7Ry 7OVNATHILE TRy 2
%&%&&ﬁ?5%~56%65.%2ﬁ,ﬁﬁmﬁ
E?67myﬁ®i5&ﬁi%$MKK%~%©i%
¥ Z ORRAMEFEHRBRIEETRE O By T
T o b OO—FT, BRSIE2 A 2 HOPERERES
(FEBTR “BUEMT X 2 BEG(L" BFoes, p. 336-338)
T, ECMEASIFEI0A 108 © HEACBESY - BHATHS
RAS (BAOKFHAESE, Ham, #HEESEp 38)ch
R L. bk, [ESEHERNTO MAEyERECET 2
YYRT v A) GLEEEAFEEE, WHS24ES A26H, #
BEEE p.1-2), HBEBERALHAS > v £ va Y
EMIC X D8 Y OB | (FEAT ¥K%, WMAI544E11510
H, BIHEE% p.23), X0 (BREBREIIC I 8
WOERR| v v Yy & (FEARBYE, WEAs5E1 H 8
H, OFE8E p.109-123) CHO—WE LCHE LI .

ol

>
e e

87

BUTIZ 2 DEB & N & TIAEE Db DTS &4,
EEBRESEDETIIHBEEENS B LD LB
ho. T, 7uy 7 2R ERESIFETICE &
WD IEIEF 7 v o 7 BB ETRY, 7 r
v 7 R OMEMRES Z 0BGl L 5.
COWELT = o 7 DWEYFR oSO T,
HERETHRONIIER E MG TR E T T 5.
ME L HFE

7wy NE R T AR T vy 2 2 kiT
BRI THRE - BT 5700, IEHBRY AAMC
ERFSE FCE S Hkk & ot bbb, BEE
EDOERTHIREHEL, s FCRBLTLBELRES
THEEE LT, COD f7i& 0.03kg/m*/day G
ﬁm@&ﬁot.it,ﬁ%&bfcm3ﬁﬁia3
kg/m’/day TR 1T 5 K HIIFLNIEEIT 51, F
DMDNBEEMITE 11T F L DT,

EPEBIERR OBl LOMEH O E - FAET 3

Tabse 1. Treating-conditions for a semi-continuous
treatment of the Shochi-distiller’s slops by
an activated sludge

aerobic facultatively
condition anaerobic
condition
pH 6.5~7.5 6.5~7.5
temperature, °C 25° 25°
aeration, //min 3.0~3.5 0
COD-loading,
kg/m?*/day 0.3 0.03
sludge, vol. % 12 12
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Photo 1. Gram-stained floc, focused on the level
of a slide-glass

Photo 2. Gram-stained floc, focused slightly
above the level of a slide-glass
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Table 2. Bacterial isolates from the sea-water-activated-sludge
: g3 5 &
PR : .. o 3 s O
- - = §TL .2 72 88 N
(f:gi_(;rlg :zrgeins ° E § 238 E 2 £ _§ S ' |chromogenesis identification
g g2 88 0 £ EEgEED D s
E S8 ET S EERaEEsEa
© W 8 88 B ESUSEow AaE B
flavl | Sa5-3 | — R — 4+ 4 - — — 4 N~ 30° reddidh orangel L ochrus
flav 2 gg:?:g — R — + 4+ — 4+ - — -~ A~~~ — 28° |yellow orange
flav 7 g:;_sgzs - R + + —- - - - _ _ ~ o~~~ — 28° yellow Fl. sp.
reddish
flav8 | S51 | — R 4+ 4+~ — 4 - L m A g vellow Fl. sp.
ps 1 g{:g}h — R +P + + 4+ + 4+ — -~ ~ ~ + + — 37° Ps. azotogena
S-1-11 °
ps 4 Sbb-9 - R + +4+ +£ 4+ - = -~~~ 3 Ps. azotogena
ps 5 Sb-1-4 | — Sp + + + Ox — T+ =~~~ — 370 (Ps. azotogena)
ps 6 gﬁ:ﬁo - R+P + 4+ *+ + — — — ~ ~ ~ ~ — 27°|fluorescent Ps. fluorescens
ps 9 Sb-1-3 | — R + + + Ox — — — — r~ ~ ~ — 35° Ps. sp.
arthr 1 | Sbb-16 + R — +—- - + - - A~~~ 35° Arthr. sp.
arthr 2 | Saa-12 — Sp+P + + + 4 — — — A 35° (Ps. azotogena)
yel-cor Sa-5-6 4+ R — 4+ — _— + + - -~ ~ ~ — 30°|pale orange
or-cor Sb-5-7 |+ R — + — — — — _ o~ + ~ — 37°| orange
pink-cor | Sbb-3 R — + - - — — - NN+~ Hg},fp?;inge
SpT Sb-5-1 = Sp + - t - = =~~~ A~ — 25 orange Sp;;:g::;
bac 1 S-5-3 + R + ++ - — — 4+ -~~~ =gy Bacillus sp.
bac 2 gigﬁg + R + 4+ =0 — — — -~~~ o~ g0 Bacilius sp.
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7, &SE S BEFIH CRRER OREIVE < ARz BOTEL
FERNTZRI L 7 B3 20 55 B I RN TS 5
B E BERKBIHICE - TLE 57 L, ZOBD
bOERILT VE=TRRIC L 5T, HEEL D BRAER
DG A2 B D LK H k.
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HOL O EBESh B EECH D, HEehy mixed
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DERBHITH B. ABMOTOE(EY LB & pink
coryne-form bacteria \T3R 0 hBLonE L. =
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Table 3. Bacterial isolates from the tap-water-activated-sludge
colony- | type- 3 TS S5 E g 288 &
forms strains g @ B &5 g8 ] & 2 8 & |chromogensis | identification
g 8 & 82 & £.£E5 288 3m oL ©
s § 2 3E O EESAQEEEEOH 4
S & 8 85 7§ Efwdcewma i &
-1- o reddi .
flav 1 %:aisz SR 4+ 4+ 4+ 0x — 4+ —n~~~~ =300 ygﬁ}gw Fl. rigense
o | reddish
flav 2 Thb-12 |— R + + — — — — — —~~~~—25 yellow
o| reddish
flav 4 Taa-5 — R + ++ — ————~~~~=35 yellow
o! light reddish
flav9 |Tb-1-l |— R — + — — —+ ——~n~~~ =25 = g0
ps 1 TasT ] Sp+p + + Ox + — — =+ + +~ =28
I I i B B e e i i i il Ps. stutzeri
Ta-1-5 o .
ps 3 Thss |— R + ++ — +———+ + + + A 30 Alc. faecalis
arther Tad47 |+ R — 4+ — Ox 4+ — — — ~~~~ — 40°
T-5-6 o
wheeor 1| 75750 |+ SR + + — Ox + — — — 4+ + + + A 30
wh-cor 2| Ta-5-9 |+ LR + + — — + — — — ~ ~ ~ — 35° (Kurthia sp.)
yel-cor Tb-5-3 | + SR + + — Ox — — + =~~~ ~ — 30°| pale yellow
yellow orange
or-cor Tbb-2 + R — +— — 4+ ———++ +~ —35° ~pale salmon
pink
pink-cor | Ta-1-1 |+ SR — + — Ox + — — — — + — + — 30°| sea-shell pink
spr Th-5-2 | + SR — + — Ox + — — — — + — + — 30°| orange
bac 1 Th-4-11| + R + + — Ox + — + — +(+)+ ~ + 37° B. cereus
bac 2 Ta-4-3 | + R + 4+ — Ox — + + — +(+)+ ~(+)42° B. megaterium
act. actinomycetes

he, ILENRABELET CRELISEEOER
ELOBICANTDE 5 &Hh B & ZOBEEL—FIL-E
hE1LTL %, psewdomonads BEDBUE WD REBNI
IR L\ DY, flavobacteria B & pink coryne-form
bacteria ORAEYHT TOEILL T AERRDSHZ &
KD, Fibb, HR T TOMAE WL favob-
acteria ¥ pseudomonads H\ET, 7wy 71IERBEYR
b 2EEOMAEND I 7 rar =—ILX > THbl
+- flavobacteria-pseudomonads FTH 5 & Bbh 5.

—F, ERESETD 7wy 71X pink coryne-form
bacteria DMO%TL DY = 7S - TDD, Thb
PEREL CAEeHEYTRTE VO LD b, Sfavobac-
teria DA CHFMNCHEM LIz D EF 2 X
WEBPbRA. B E CTOBRD S OHlEFHTS
B BN P T, WKEEFHRCLEREEDOE

BB a2 T\~ flavobacteria L7 v » 7 R
T F L EBHEDA, 7y 7REITED FHE
PIFEHEOMECE D ETND EERCERLTL
¥ 540 L Bhb. —7F, pink coryne-form bacteria
WHEREFS EChit 2 5 &\ 5 KB X D b, 5 ORK
Sa? L Sa® ‘C pink coryne-form bacteria \IIFRH&MHT
EETHOTHINEZAD, »ich EBRHESTIET
B S L. LELEOMESECK L T
independent T % & &7 LicHini k. Hlbnbig
KIEWETBIRD 7 = v 7 OB OWTHERT 5 &,
EDIFSMIE-CIL7 v o 7 ik ioEA flavobac-
teria-pseudomonads FIC 7w » 7 DERE L HIT
1L, flavobacteria DS LT pink coryne-form bac-
teria-pseudomonds BTz > T\ 5H b D EBbhb.
—%5, KEKEEBROBE b KEEHROSE



Table 4. Bacterial flora in the sea-water-activated-slud
distiller’s slops under an aerobic,
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ges semi-continuously treating the Shochii-
or an anaerobic condition

%

=

colony forms

samples

viable counts
per m!/ sludge
volume

Ss-@  Ss-@ Ss-(B

Sa-O Sa-@ Sa-(®

Sb-O Sb-@ Sb-G

2.3X10° 5.6 X 10° 4.1 x 10%)3.

4X10°1.1x10% 4.1 x 109

7.

7Xx10°6.1x107 3.6 x 10°

flav 1
flav 2
flav 7
flav 8

21

37

3 2

11 17

2
1

19
13
2

ps 1
ps 4
ps 5
ps 6
ps 9

31
14

28

28 12

30 25 49

43 17

71 26

arther 1
arther 2

yel-cor
or-cor
pink-cor

39 14

12

65 62

12 38

spr

12

bac 1
bac 2

14 28 22

*Ss, Sa, and Sb:= in Table 5.

O, @, and B: Microflorae of the samples, supernatant, not homogenated sludge,

Table 5.

respectively.

and homogenated sludge,

Bacterial flora in the sea-water-activated-sludges semicontinuonsly treating the Shéchi-
distiller’s slop under an aerobic, or an aerobic condition

%

samples Ss-® Sa-®) Sa*-(®) Sa*-§) Sb-® Sb*-®
viable counts
colony forms boj mAsludee | 4.1x100 | 41x10° | 9.9x10°  8.7x10° | 36x10f 3.7x107
flav 1 21 8 48 49 19
flav 2
flav 7 2 2
flav 8 37 17
ps 1 49 17 16
ps 4 12 14
ps 5 18 21 9
ps 6 6
ps 9
arthr 1 10 15
arthr 2 14
yel-cor 12 12 2
or-cor 3
pink-cor 11 1 38 37
spr 12 3 4
bac 1 7
bac 2 22

*Ss: Microflora of the activated sludge at a start of treatment. Sa, Sa?, and Sa’:
activated-sludge after 3 weeks, 6 weeks, and 9 weeks treatments,
the anaerobic activated-sludge after 3 weeks, and 6 weeks treatme

nts, respectively,

Microflorae of the aerobic
respectively. Sb, and Sh%: Microflorae of
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Table 6. Bacterial flora in the tap-water-activated-sludges semi-continuously treating the Shochii-
distiller’s slops under an aerobic, or an anaerobic condition

%

colony forms

samples

viable counts
per m/ sludge
volume

Ts-O Ts-@ Ts-®

Ta-@® Ta-@ T-a®

Tb-O Tb-@® Tbh-G

4.5%x10*

10°

3.6x10°

9.6 % 10° 3.9 X 10® 4.2 X 108/2.0 % 107 1.7 X 10° 6.4 X 10°

flav 1
flav 2
flav 4
flav 9

16

40

53

21

26

ps 1
ps 2
ps 3

13

20

17

32

50

31

45 31
38 14

arthr

20

17

21

11

wh-cor 1
wh-cor 2
yel-cor
or-cor
pink cor

60

10

40

21

10

25

15 1

13

spr

bac 1
bac 2

act.

*Ts, Ta, and Th:= in Table 7.
@, @, and B: Microflorae of the samples, supernatant, not-homogenated sludge, and homogenated sludge,

respectively.

Table 7. Bacterial flora in the tap-water-activated-sludges semi-continuously treating the Shochi-
distiller’s slops under an aerobic, or an anaerobic condition

%
samples Ts-® Ta-® Ta*-® Ta®*-® Tb-® Th*-®
viable counts
per m/ sludge 3.6x10° 4.2x10° 1.8x10° 1.5x10° 6. 4%x10° 7.2%10°
colony forms yolume
flav 1 21 31 7
flav 2 14
flav 4 53 26 36 10 1
flav 9 2
ps 1 17 31 42 31 20
ps 2 14
ps 3 8
arthr 17 11
wh-cor 1 6 6 15
wh-cor 2 10
yel-cor 16
or-cor 13
B pink-cor 6 13 50
Spr. 7 14
bac 1 8
bac 2 6 1
act. 6

*Ts: Microflora of the activated sludge at a start of treatment. Ta, Ta? and Ta®: Microflorae of the
aerobic activated-sludge after 3 weeks, 6 weeks, and 9 weeks treatments, respectively. Tb, and Tb? Micro-
forae of the anaerobic activated-sludge after 3 weeks, and 6 weeks treatments, respectively.
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Summary

The sea-water-activated-sludge consists, collectively, of a great number of flocs, or a bacterial
mass with size of 0.1 to 0.2 mm, which also was a colony composed of several microcolonies in possess-
ion of varying shades of Gram-staining on observation under a microscope. For approaching the
microbiological structure of a floc, the microflora in the sea-water-activated-sludge put under a
low partial-pressure of oxygen was investigated. Compared with the surface of a floc, the inner
portion of a floc seems to be more deficient in oxygen-supply, due to the abundance of aerobic floc-
microorganisms. When an activated sludge was kept under a low partial-pressure of oxygen,
microoganisms which are abundant in the inner portion of a floc, and insensitive to the changes of
aeration might be prevailing over the surface of a floc.

The microflora in the sea-water-activated-sludge which was semi-continuously treating the
Shéchi-distiller’s slops at a COD-loading of 0.03 kg/m®/day under a low partial-pressure of oxygen,
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was compared with that in the sludge which was aerobically treating them at a COD-loading of
0.3 kg/m3/day. Under a low partial-pressure of oxygen, flavobacteria, susceptible to a low oxygen
partial-pressure disappeared, while the pink coryne-form bacteria, insensitive to a change of
partial pressure of oxygen, with the result that the whole was made to have shifted from the
microflora of flavobacteria-pseudomonads-type to the microflora of pink coryne-form bacteria-pseudom-
onads-type. This indicates that a surface of a floc, supplied with enough oxygen, is covered with the
microflora of flavobacteria-pseudomonads-type, and the inner portion of a floc, not supplied with
enough oxygen, is occupied by the microflora of pink coryne-form bacteria-pseudomonads-type.

On the microflora of the tap-water-activated-sludge used as a control, the same result was
obtained as the one on that of the sea-water-activated-sludge.



