CHE K 9

4TS
&}

#3345, p. 65-76, 1983)

IRZCRER CREEK/EBREA) RBRAOHKEEFREICKSERQLE

3.2 0« Kiligti % - ol s
GER B R %)
HFIS7T4E 8 H10H -2t

Continuous Treatment of Shochii-Distiller’s Slops (Rice-Koji-Rice/Raw
Shironuka-Shikomi) with the Sea-Water-Activated Sludge

Ikunosuke TANABE, Sumitaka NAGAYAMA and Takashi NAKAYAMA

(Laboratory of Applied Microbiology)

b2

(NEBER BRI & & 73 - THEH T 2 IE 75 AKX 1 ek
320 MM O BitE Ebic, FokEAiz @L<
75 o Fo ] & HER ASLUC K B IEPED I K D 7o D IR
MBS EDHESIMEEN TS, Dz, bhbh
39T, ABMBERLE SR & U Tlp/KimPE g hs
e fEThsrc EEWohicl, 20 HKcEd
725 Kk O AR S 0F 1T - TR0

ANBHERTE S 28080 LRGSR ONE
AR UEBRE L N v O Mg s gat Uc, &4
T, ZOMRALEIT & &0 5 IHIED BN, BB
KOV = g, ) RO &I A O TR
DT o, WAEMEBOMD S LRI
T3 EFZOoNLEHHERBEBHIT OO T S KREE
iT- 7.

il

MH LB E

AT BRI /N EBE A7 I 2 4k B L35 00 K8 kA
kAR A bDEEH L. Ao
BT AL S BRICAT - 7o,

2. SFF

KB DT ISHTH & WS, WA LERE T 1L
BEAKERBR Sk JIS K 0102-1971, (H ABHHLE) i
B->Tlr-7z. TD5 5, BMHKTDY) BRI T
* DU OB H R ORISRyl R O W T B & A2

THi»tebDO— BT, ViFRBigikiiic 30 3 Mk o

IRHE ) v B Yy o CRGCRTERY R, WIRI5541E1 811,

WHEHY p. 109~123) TEO—4E LTl L, £,

Z DOMFFETHIRISSAE AR PR AR B A (5%

B KSEIBAER, KA, WHRIBSAE10 4 (1) TikniiL 7.

HHEERY p. 8

65

BUNRE, (HAMEPEE 246 1955) TR Lz, F 7o,
7 T O RISHTH® [M#E Boehringer-Mannheim
DOfH#F v FEHNTIT - 72,

3. ERLEER

Photo 1 BX U 21T/ LT 7 ) v 8524 4 BN
SMiE O DRBEIT- 7. HYRWE 5.21 TH-17-.
4. MEHOZHERE

M- ST 2 Ry Mg RHIT L D FF i L
72 30°C THrsE L7 kDL LER328k & 20°C 4p@ L
TR DU R RRI2BR A O Tl i it U7z, s i3k
& b, Bergey's Manual (c i3 Tff-72. Table
1 OS5 HHO/BICHT 2AEF AR 2 E 404 H
BOMKRDOILHKRTE, T8bS LFOS LY, HEHE
B U7 B0 %E (Klett-Summerson D #E4) (6td 2
—MRERE L 2CHED RO BED T L 2. BUHOE
WHDIRE LD srfEd I & L7z (Photo 3).

BREER

. E2RERMKECKIERUEICDNT

FERICHE U 7o KM R D COD i3z h £ 287
ppm, 362ppm THh-72. h oD BOD it 131E
(BOD) =2.0x (COD) &L 2D THR LIz EIZW A
WO DEGBERERE S T ENTES. 113 Table
23T U1z hs, 287 ppm D R FEHK D 354, COD 4 i
B 0.149-0.471 kg/m*/day (/KR fifif 0.542-1.811
m’/m’/day), ¥ 7z 362 ppm D3 COD ffijk
0.230-0.647 kg/m*/day (/K &fi14§ 0.662-1.855m?/
m’/day) OHET COD [ L BB EBZ 2. 15k,
OB, BABO fASAE 5.21 L LT HREMEE
dS R, R Fig. 1 0LH0THo-1e.
ZYORS>XRBEDShIZH, b oK 48
(g/day) =0.76 Loon (g/day) —0.03S (g) oKX T #



66 N A & Wy« Gl b « rhliFFk

Photo I. Sludge-trouble in continuous treatment of Shochi-distiller’s slops with sea-water-activated sludge.

Photo 2. An acryl laboratory-equipment of complete-mixing-type for continuous treatment of

Shéchi-distiller’s slops.
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Table 1. The test media for investigation of the nutritional ability of isolates

* Culture Media

Ingredients for
A € D isolation
_ Basal sea-water medium, 1 1 L L 1
B M_EIEQQSE,Wg B 0.5 05 05 05 0.5
Glycerol, g 95 0.5 0.5 0.5
___ NHNO;, g 05
__ Polypepton, g I o L 15
_ Beefextract,g _ I L o
Yeast extract, g - - ) 1
Shoch-distiller’s 0.1
slops-supemgtap_t, 1 B - ) T
Sea-water
activated sludge 0.1
supernatant, |
75% sea-water, | 08

* Basal sea-water medium: sea water,

10 mg; pH 7.6-7.8.

11;

Na-glycerophosphate, 140 mg; Fe-EDTA,

Photo 3. Settling ability of pure culture strain from sea-water activated sludge, bulking-type.

Table 2. Continuous treatment of the distiller’s slops by the sea-water activated sludge, COD removal

thgglgu(e)fns Amount of Hydraulic Removed COD Remaining COD
(ppm) flow loading COD loading COD removal
(BOD, ppm) (1/day) (m*/m*/day) (g/day) (kg/m?*/day) (ppm) (%)
287 2.87 0.542 0.792 0.149 11 96
(534) 5.63 1.062 1.526 0.288 16 94
7.07 1.334 1.951 0.368 11 96
8.27 1.560 2.307 0.435 8 97
9.60 1.811 2.496 0.471 27 91
14.10 2.660 3.525 0.665 37 87
362 3.51 0.662 1.218 0.230 15 96
(605) 4.86 0.917 1.720 0.325 8 98
6.82 1.287 2.278 0.430 28 92
6.95 1.311 2.474 0.467 6 98
7.14 1.347 2.406 0.454 25 93
9.83 1.855 3.341 0.647 13 96
16.75 3.160 5.729 1.081 20 94
4 6.37 1.202 2

(Sea water)




68
S (g/day) = 0.76 L. (g/day) - 0.03 s (q)
4s
s
Increased L
SS per 28 - 0.76 £ - 0.03
MLSS
Le
/ s
COD Loading per MLSS
Fig. 1. Increase of the sea-water activated sludge.
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Table 3. Elimination of the phosphate (total) and citric acid in the Shachi-distiller’s slops by the

sea-water activated sludge

(Elimination of phosphate, total)

COD of Remaining COD Total phosphate of Remaining Phosphate
Treatment the influents COD removal the influents phosphate elimination
(ppm) (ppm) ) (ppm) (ppm) (%)
1) 362 6 98 21.0 4.7 78
2) 20 94 5.0 76
3) 25 93 5.7 73
4) 15 96 4.0 81
(Elimination of citric acid)
COD of Remaining COD Citric acid of Remaining Citric acid
Treatment the influents COD removal the influents citric acid elimination
(ppm) (ppm) (%) (ppm) (ppm) (%)
5) 287 27 91 4.7 0.9 81
6) 8 97 0.9 81
7 11 96 04 91
8) 11 96 1.4 70
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Table 4. Continuous treatment of the distiller’s slops by the sea-water activated sludge, and qualitative
analyses of the bacterial flora of the activated sludge

Incubati Tempera_ture nt of ini D
nctin‘?e on of tllileurglxed Amggw (MLS§ SVI loifi)ilr?g Reénglgmg re(r:n?)val
(day) el (1/day) ppm (kg/m*/day)  (ppm) (%)

Start (S) 309 831 84 0.191

R-series
1 3.62 0.191 84.8 69.7
2 4.34 0.229
5 (R) 27.1 5.01 1675 101 0.265 29.2 89.6
6 28.0 7.23 0.382 23.2 91.7
7 27.6 7.83 0.414 28.8 89.7
9 (2R) 8.24 1043 211 0.435 21.6 92.3
11 28.0 4.05 0.214 27.2 90.3
12 (3R) 5.52 1203 216 0.292 30.9 89.0
15 391 0.207 30.0 89.3
18 (4R) 2.61 1013 212 0.138 29.6 894

L-series
I 1.80 0.095 107.2 61.7
2 4.09 0.216
5 (L) 20.0 30.1 1297 123 0.159 42.8 84.7
6 19.5 7.67 0.405 28.0 90.0
7 20.5 8.42 0.445 26.4 90.6
9 (2L) 10.68 1038 58 0.564 29.6 89.4
11 20.0 4.05 0.214 28.9 89.7
12 (3L) 6.41 811 80 0.339 30.8 89.0
15 4.11 0.217 23.2 91.7
19 (4L) 3.43 860 70 0.181 24.8

‘% ".«’r)’ i ’:(‘ - »»w ol

Photo 4. Hypotrich, eating greedily sea water activated sludge.
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Table 5. Frequency of occurrence of the sludge microorganisms in the sea-water activated sludge in
the course of treatment

Type of colony

Isolation Gram* +  spirilla Ser.* flavobacteria
(days after the -1  y-1 -3 r2 r-5 y-2y4y-3 a1l d-3b" d-3 a2 a-2b b-9y-9
treatment started)
0o ® 51 49 49 67 69 44 96 58 100
5 (R) 89 56 2 87 60 84 96 4 49 49 84
9 (2R) 44 16 85 71 64 44 36
12 (3R) 100 49 100 98 98 47 26
18 (4R) 18 11 7 22 4 71 87 7
5 (L) 36 18 9 9 36 9 100 9 82
9 (2L) 2 82 98 82 18 82
12 (3L) 12 24 76 93 93 47 18 27 15
19 (4L) 27 76 40 51 27 71 16 7 13
Typical 40 37 28 45 56 15 14 9 76
ypica
isolates 41 16 19 51
57
Type of colony o
Isolation agaro- Str.*
(days after the b-2 b-7 b-18 b-8 b-12 b-16 lytic. d-5d-2 d-6 d-6b d-6c d-7 c-1
treatment started) b-14
0 S 100 9 9 7 40
5 (R) 89 84 91 84 31 80 58
9 (2R) 98 64 98 18 18 29 29
12 (3R) 23 98 2 49 51 26 77 51
18 (4R) 98 11 89 11 7 7 2
5 (L) 36 9 18 9 36 27
9 (2L) 100 2 82 2 2 20
12 (3BL) 3 100 23 23 62 3 15
19 (4L) 18 5 56 27 27 27 2
7 70 5 65 26 1 10 22
Typical 8 54 31
isolates 71
72

* Gram-+: gram-positive bacteria. Ser.: Serratia sp. Str.. streptomycetes.

HMEMOMBIBE (%) 2RLTEBY, KREBTHEF i EBbhnz. Table 6 ® 20°C TOLMARS
FEHBBEENSNCEABRLTNS. TNTHE L, &<t 30°C EETHEOH b0 DL,

BRI MAEREE A5 & 30°C HEOHE, an 30°C TOWEE IZLTUHE N OMBEHEE
——Rips a-1 BID ¥ 5 L& EE Aeromonas puncta- T& X BT B flavobacteria @ y-r BIEED LLEDS
ta, a-2 B D Pseudomonas sp., d-38ID Vibrio fischeri, R oG BAHFEIMMPAE. s id 30°C 438t
b2 B Spirillum sp., & FEHRWNE L AL 12D DOBICE, ARy P EXETIIRHEOEHAEYICHE
Alcaligenes sp. %2 F#kE 45 b-18 BINEEMNH BINCTHIEEMEL UL -bDTHAS.
2 kS5 CHBEEEREBICE . —F, AR £ 4 20°C B X UF 30°C WiiFRICHE Lo EMAD
#’@?’?ﬂ%@iﬁ%icﬁmﬂ'%t?ﬁiéhéﬁ,%& Lca HEEbLNE, &< i220°C LBOHRDOERDOH
BERFMPO v F v 7 RBOHIRTIE -1 BO KR KR OMERPRELRBEFREL>TLDHHDEED
BESASHEELARDTCVLA I EBRAENS L, 5. 30°CLl (RyYy—xX), & 20°C a8 (L &
30°CiERDOAREN X S UMD -3 B Spirillum ) =) @ 30°C TH#ELCROMAERE LS 20°0C T
serpens ODHBEFELEE L L HERHLOTR AL - RO BMUEB I BT REE I - TEE S
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Table 6. Frequency of occurrence of the sludge microorganisms in the sea-water activated sludge in

the course of treatment

_Type of coﬂlvony

Isolation
(days after the r-1 -3 =2 y=2 y3 r6 r-7 a-l d-3 a-2 a-2b y-9
treatment started)
5 (R) 37 9 29 69 57 48 28 19 28
9 (2R) 11 20 8 48 51 5 26 45 13
12 (3R) 12 25 15 47 17 4 30 12 12
18 (4R) 7 2 11 2 4 27 43 34
5 (L) 27 20 76 96 25 38 11
9 (2L) 4 11 72 35 4 28 4 22 18
12 (3L) 2 44 73 95 30 20
19 (4L) 51 58 29 47 40
Typical 1 8 2 4 5 6 20 22
isolates 9 12 7
(20-No.)
Type of colony - 7
Isolation
(days after the b-2 b-7 b-18 b-6 b-16 b-14 d-5 d-Sy d-6¢c b-2f d4 c-1
treatment started)
5 (R) 19 18 71 19 46 18 28 13 40
9 (2R) 24 60 16 47 44 11 11 8 29
12 (3R) 22 17 87 6 6 3 3 32 5
18 (4R) 25 73 18 23 32 7
5 (L) 13 42 54 52 33 11 11
9 (2L) 44 38 6 31 35 46 46 4
12 (3L) 2 49 45 4 46 71
19 (4L) 58 93 44 18 40 7 4
. 21 24 13 23 10 14 18
Typical
. 28 19
isolates 25
(20-No.) 26
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5.
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TEAEMESE . Bk, wAKPORERDH HMA
Wkl 12 20°C 4 i Table 6 iT/R L7 y-r BED flavo-
bacteria, b-2 B® Pseudomonas sp., X d-3 BD
Alcaligenes sp. D 3B S > TABYY . LT ANL
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PO KREREHRBEIZCEERLTSEENAK
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water activated sludge under a continuous treatment

Table 7. Characteristics of the bacteria isolated at 30°C from the sea-
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, A alkaline.

O: oxidative.

‘ F: fermentative.

p: subpola}, or lateral ﬂagellatidn.
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pe: peritrichous flagellation.

* P: polar flagellation.
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Table 8. Characteristics of the bacteria isolated at 20°C from t
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A alkaline.

O: oxidative.

* P: polar flagellation. p: subpolar, or lateral flagellation. pe: peritrichous flagellation. F: fermentative.
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Table 9. Growth temperature, nutritional ability, and settling ability of the bacterial isolates from the
sea-water activated sludge

Colony Strains Temperature* Culture media’ ] Settling*
form 20 30 37 41 45 A B C D isolation ability %
r-1 40 + A A+ 4 - - = = — 3
41 o+ A A -+ o+ 4 + 2
y-I 37 + A - = - - -t i 58
r-3 28 A A 4 - - = 4 + 18
r-5 45 1 - A A - — — = + 35
y-3b 56 + 4+ o+ A+ ~ 4+ 4+ 4 + 53
y-5b 29 A A — - _ - - = 4 + 0
y—6b 34 + A A 4+ - - - = 4+ + 37
y-7 30 A A - -+ o+ 4+ + 40
a-1, d-1 15,16 4+ 4+ A 4+ _ - 4+ 4+ + 25, 36
d-3 9 A A A A — -+ o+ 4 + 22
51 o+ A - - - - 4 + B
d-3b 14 - A H f — - - - 4+ -+ 72
57 A A+ - - 4+ o+ 4 69
d-3b’ 19 + 4+ A 4 — - = 4+ 4 + 12
a-2 76 o+ A - S - 35
b-2 7 + A 4+ 4+ - - 4+ + + 40
b-2¢ 8 + + A+ — - =  + + + 24
b-6 12 + 4+ A+ - - - - 4 75
b-6¢ 61 + A A 4 — - - = - + B
b-7 70 + + A A - - - 4 + + 37
b-8 65 + 4+ A A - - - -  + -+ 16
b-18 5,71 + 4+ A - - - - - + 34, 28
b-18b 54 + o+ A - - -+t + 36
b-18b° 72 oA - - - - 1 56
b-16 26 L - - 4 9 0
d-5 1 - 4 A - - - - - — -+ 23
d-2 31 - A A A A - = =+ + 104
d-2c 10 - W — -+ 44 + 57
d-7 22 + o+ A+ - - 4+ o+ 4 + 1
* A: abundant growth. B: bulking-like growth.
?sﬁf&@w S : :
Photo 5a. Floc of pure culture strain of bulking- Photo 5b. Normal floc of pure culture strain.

type.
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Table 10. Growth temperature, nutritional ability, and settling ability of the bacterial isolates from
the sea-water activated sludge
Colony Strains Temperature* Culture media_ ) Settling*
form 20 30 37 41 45 A B C D isolation ability %;
r-1 20-1 4+ + A A + e e + 6
r-3 20-8 + A A - - - - - + + 8
-3’ 20-9 4+ A A A + - = - - + 50
r-2 20-2 A _ - = _ - = = — 0
p-2 20-3 o+ A A+ - 4+ 4+ o+ +- 8
y—2 20-4,20-12 A A A — — - = = 4 -+ 65, 42
20-30 + A A — - -+ b + 99
y-3 20-5 A A A — - - - = - + 93
r-6 20-6 A A - - = - - =  + + 75
20-7 + 4 A A+ - = + o+ + 12
d-3 20-10,20-11 + A A — — - - + -+ + 64, 72
a-2 20-22 + A A A + - - 4+ + + 39
20-23 + A A A - e s + 29
b-18 20-15,20-17 + A A + - e s + 52, 47
20-31 + A A+ o+ -+ - + 43
20-16 + A A + - - - = = + 68
20-24 A + - - - - - - = + 38
b-18’ 20-25 + 4+ A+ - - 4+ 4+ + + 36
b-6 20-20 + A A +  + e -+ 17
b-6b 20-13,20-14 + + + A+ - + +  + + 71, 62
b-7 20-21 + 4+ A + - - + +  + + 12
b-2f 20-18, 20-19 4 A A A + e s + 1,0
t-1 20-26 + A A - - - = = + 58
d-4 20-27,20-28 + A A A - - - 4+ + + 12, 20
20-29 - A A + + - - + + -+ 53

A: abundant growth. B: bulking-like growth.

® ¥
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Summary

Continuous treatment of Shochd-distiller’s slops in an acryl-laboratory-equipment of complete-
mixing-type with sea-water activated sludge was carried out, successfully. Sixty-times dilution of
distiller’s slops was employed for the experiment, and COD removal at more than 909, was obtained
in the range of COD loading fixed at 0.15 to 1.08 kg/m3/day. Removals of phosphate and of citric
acid from distiller’s slops were 70 to 80%.

In the aerating laboratory-equipment having significant volume of 5.2 1 in the course of continuous
treatment, multiplication of activated sludge, 4S, follows the following equation:

4S (g/day)=0.76 Lcop (g/day)—0.03 S(g)

Lcop and S are the removed COD and the mixed liquor suspended solid, respectively.

During the subsequent 3 weeks of loading after 3 weeks of starvation, successful stabilization of the
sea-water activated sludge was carried out, with the observation of their treating and settling abilities,
and their microflora. In the case of continuous treatment at 30°C, a floc grew and SVI-value came
to be exceeded into 200 along with an increasing stabilization of the sea-water activated sludge, but
comparatively excellent treating and settling abilities were obtained.

Presentatives of bacterial isolates from the sea-water activated sludge during the continuous treat-
ment of distiller’s slops were employed for the determination, and were identified as follows: Aeromonas
punctata, Alcaligenes sp, Pseudomonas sp., Vibrio fischeri, Spirillum serpens, and flavobacteria in the
case of the treatment at 30°C. No large difference between microfiorae at 30°C and that at 20°C
was recognized, but Spirillum serpens was found only from the activated sludge at 30°C. Actinomy-
cetes tapered along with the increasing stabilization of the sea-water activated sludge, and then would
vanish.



