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A recent study on the thermophilic bacteria revealed that it can solubilize biological sludge.
Based on the study, a method has been established to significantly reduce the generation of
excess sludge in activated sludge system with the thermophilic bacteria in an experimental unit.
The unit is mainly composed of three tanks for aeration, settling and sludge solubilization. The
excess sludge was solubilized with thermophilic bacteria in the solubilization tank and returned
to the aeration tank. When all solubilized sludge was returned to the reactor, excess sludge was
not sufficiently reduced. The sludge concentration in the aeration tank showed a tendency to
increase until sludge disposal was conducted. Increasing the solubilized sludge by three times
could get rid of the need of sludge disposal. Although the counts of active bacteria in the
activated sludge was on a slight descending trend, the BOD concentrations remained low. The
COD concentrations in the treated water showed an upward trend. The calculated running cost of
the system is about one third or one half compared to the dewatering and landfill processes in
the conventional activated sludge system. ‘
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Sludge Yield (kg-SS-kg-BOD™] 04~06 0.3~0.4 0.25~0.3
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Fig. 1 Zero-discharge activated sludge process
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Fig. 2 Sludge solubilization tank
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Fig. 3 Experimental flow
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Table2 Operating conditions on sludge solubilization
tank (Artificial wastewater)

Run No. 1 2 3 4

Sludge disposal on conventional process  Qu [L-d™']| 1.8 — — —

Sludge disposal on zero-discharge process @' [Ld™]| — 1.1 0.4 0

Solubilized sludge Q [L-d™]] ¢ 1.8 3.6 5.4

Q/Qu =] o 1 2 3
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BEK % v,

ATEBEIZTRYRT Ny Va—R BRI XA=1 :
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0.6kg-m 2 -dMIRE L. T/, LFELEEKITER
BoOFEMAL (BOD=1500mg-[*), BODHZHEAM%
#0.7kg m 2 dHIZRREL,

2. 2. 3 EBHE

E2RICALEKRE AW ERIIBT 2FHRTEBLED
HIRS REGZ R,

RUN-1 CidiERTE {UE L HHET, REFGRY R4~
513k  fERBIORZHIE B IR & L, MLSS %52 000 mg- [
B I IIEREREF] &RV,

RUN-2~4 TIZRRFRTHREE Q/Quw (LLT, Q/Quw
E¥5H) B IBEBICERE L, FHMERLIYD, ¥%=03,
I=20%, S=40 % DEIELNI20, REHROFEA
LiwRELTHE, ORXNLD Q/Qu=29,%bZ LD
5, RUNA T Q/Qu=3 I2&REL, £RBERDOF] Xk
X2l fThhaWEE {To7, $72, RUN-2, 3 T
Q/QuEFNFNL, 2IFRELZ. ZOFEHTIERENF
ROERFREN D, FIRE2HHL T, BSAER
MLSS %2000 mg- [ \2¥EFF L7z, HiRWHBALE X, HRT
1H, BERESCT, MERLIERLLL2VED
HHEH 300 rpm, BRE0.4 vvm THESE L7,

LTk w2 EBiE, 2R¥fT>7:, RUN-1
TRAERFBRY 5 23K FEEWHFRE 1T, MLSS 2
2500mg- I WA E L/, RUN2 TR FHERLD
Q/ Q=3 1ZFREL, REFROFIZIKREIEE{ATDR N
BT 72, HIRTE L OBRIESEMFERIEDOEBY &
L7

SOL

40

i

[%]

(O : Sewage works sludge
B : Chemical industrial sludge

VSS solubilization
S
T

| 1 | 1
2 3 4

HRT [d]

=1
—
151

% 4 HRT & VSS WE LRDOBFR
Fig. 4 Relationship between HRT and VSS solubilization

50+
QO : Sewage works sludge

40— B : Chemical industrial sludge
S
30
I
3
g
=
g

[ | | | L |
0 1 2 3 4 5

HRT  {d]

) HRT & VM BZEROER
Fig. 5 Relationship between HRT and VM removal

2. 2. 4 ST

WEKBED4HTE, TRBRBREICE L, 2B, 2FK
fRpFE (TOC) &, BEHIERT®R TOC-500 (2 & s L
770

3. EBRER

3. 1 FEMEMENIC S ZREEROTEL
4IRS X ) KREHREWHELL S E
® HRT & VSS iF bR OB4R, 5 532 HRT & VM kk
EROBBZEERT . E4RD S, HiROMBEICEFRR L
HRT 1 HELET40 % Bl ED VSS TTEILRAIE S 7248,
HRT # 12K TR A L0 %HIBRETETT A Z & AF
bhb, ThETOERT, REHRIIGFHREMADHH
SELAWESTOBRSMIZLD20~25 %D HE{LT 52
EHbhroTWwahZ EH,S, HRT 12 O &4 Tk, B
FhlikE A T B IS A wash-out SN 7z729,
TSR AEADET L o2 bDEHBEIND, ZOF
Bry, HRITBED HRT 121 HTH4T, #40 %D

Vol. 41 No. 1 (1997,/9)

G AR AR -



4000~ (O : Conventional

L ®:!
Qs/Qw A :2
3000+
T
L
ol L
£
2000
[97]
[97]
e} L
=
1 000+

|
100

|
0 50

Days
%6 MLSS #HZ 1t (ATEEK)
Fig. 6 Time course of MLSS
(Artificial wastewater)
4000
3000k
- L
kS
2000
7]
§ L (O : Conventional
- B Qs/Qw=3
1000
p—1L 1 1 1 1
0 50 100
Days

% 7B MLSS&HZE L ({b2ITIEEEK)
Fig. 7 Time course of MLSS
(Chemical industrial wastewater)

7001~
(O : Conventional
—, 600 .
) ® !
- Qs/Qw A :2
500 . ]

400

300

200

Accumulated sludge disposal

100

0 1000 2000 3000
Accumulated removed BOD  [g]

% 8@ MBEEEBOD LHRIHRGhEOHE
(NTBEK)

Fig. 8 Relationship accumulated removed BOD
and accumulated sludge disposal
(Artificial wastewater)

700

O : Conventional
M Qs/Qw=3

[g]

Accumulated sludge disposal

0 1000 2000 3000
Accumulated removed BOD [g]

£9 HERRZE BOD LREERS KB OBR
(L#T58EK)

Fig. 9 Relationship accumulated removed BOD and
accumulated sludge disposal
(Chemical industrial wastewater)

0.3
Conventional
’_]—\ I vps v
- O : Artificial wastewater
= 02 B : Chemical industrial
£ wastewater
-
[
B0
=1 L
=
2
=]
k<5
=
g 01
&
Na)
[}
gL

0 I 7 3
Qs/Qw  [-]

E10 Qs/Qw & BT OHETRICE DO LR
Fig. 10 Relationship between Qs/Qw and observed
sludge yield

LR PEONDE D bhol, $72, E5EP»H
VM B (ERIEE) dHBROMEEIZEMGEL  HRT 1
HUEDZEHT0~25% L %52 b holz,

3. 2 RFFBEFSERLEVEEFEETOEX

3. 2.1 JLEMAE

F6, TRIIMLSS OEHZELE T, NLEHETH
WZEEBTE, B&FIIBWTREAR0B R0 258
ZAED2000mg- 1 &R Y, FOHREE LB TRET
Hol, ILFIHEKEHOZERIIBLTL BEMED
2500 mg- [ 'R CEELEGELNWRETH 572, Q/Qu
2T A—% L LI GE&ORERE BOD & HEFHRT K
EOBEEES, IBIITRT, ZOFERTIKEICITALIK
FOSSEEATVD2D, Q/Quw=3DEHTLETD
HEPRONED, RKEHEREE G IHP R TRYESR
VU THo7, T/, 8, IEDT T 7DMEFHI AL

6 bR AV S S E

Vol. 41 No. 1 (1997./9)




F 3K MHAE (B :mg-l)
Table3 Quality of treated water [unit: mg-l™"]

Artificial wastewater Chemical industrial
wastewater

Items

Raw Run-1 | Run-2 | Run-3 | Run4 Raw Run-1 | Run-2
BOD:; 1250 <5 <5 <5 <5 1300 <5 <5
SS 20 21.1 20.3 20.6 22.5 35 30.1 39.8
S-TOC 480 18.3 20.8 20.1 22.9 930 41.2 55.8
T-N 80 70 72 75 70 110 95 87
T-P 4.5 2.3 2.0 1.9 2.5 3.8 2.8 3.3

FoFERERELFERLCBY, B0, F8, IHLY

RO7z AT OFHRERE & Q/Quw DBIREZRL TV 2,
{2 TH PTG YR L T VG RE RGN TR T0.22, (LT
BB TO.25TH o 72h, Q/QuiE KRELTAHILIIL
TRIELR IR R b7z, SROERTIE 2 BEOBEKE

B4k BRERELSEME
Table4 Operating conditions and cost for running
cost estimation

FAV D, Q/Qu=3, TabbHEINLHREFRED
IREEATVALAET A2 LX), BEKROFEEIZERE Inf.BOD [mg- 1] 200
< (ﬁ(ﬁ:ﬁ?ﬁ%’—ﬁfﬁﬁw)“ibibfﬁn W20, REHERNEL Sludge yield [kg-SS'kg'BOD”] 0.5
FHELWnWT Y ANERIN, o
OB AT O—Fl A8 3 |ITR T, ALBK BOD Sludge solubilization tank
ZBEK DR R WIS BRIFCOppm LT TH - Temp. [ T ] 65
7o BREEREATHEILTAIEIZL > THREER (Run-l) Aeration  [vvm] 0.1
¢ X S-TOC, SSIZETOWMAERD b /zht, T-P,
TN IEE A ERETh 72, KEIIBVLTE, THIEL A 3
RERBROS L, EWHSREO L DI COD & LTA Steam [Yen-t'] 2500
FEAHICHE T A REED D 2 728, WHUKE S TEAL Electricity [Yen-kwh ] 15
LzbnbEZOLNS, . .
3. 2. 2 MEM Chemicals [Yen-kg™'] 1000
KEOEEE ML, HRUBIMEOHNEE > HFFT 5 Industrial water ~ [Yen-m™] 30
PODIANE — LREBIIITH 5o Sludge disposal [Yen-m™] 15000
FEARIRTRBEEERSKMEICEDONT, HAKLEZD

OEEERER A A L, REFBREEZ2%, Q/Qu=3
L LB, BRTBE~OREHRMEEEIZIS m™ &
%o BRI OMAIRE 2 KRS 5 720 Ot E
&, T B E LGRS T RE R AT AR Y

%%, THIRTTEALAE A & O N LR OB K 02 BT
EABSETAIEICLY, BICRENL 7O A LB L

AWTT0~80 %EEINT 2 b0 e T 5, ZORHTIE, ZEibhd,
KEUBES R BRT AOHLHTH#RES MO o0 & T O

BB Y LTH054 kg mP OBREPLET, THIIEEIC
THEWIAN - m kb, BRENLHIAT - m™ &(F
IEF%T, 51, THELHBEREBEE TERLT 5700
OBEIMBERENIZHIEH - mP*Ths, IS EARET A
L, BEESEBINIAN m RS, —F, EREBD
HEFEREZ AL TIRHT 2354, BREAERIZ100g—
DS m3&%d, 82%&GKE;r—FELTHRETSE, &
HWEIE556g m? Ry, FAMEEREIHSH m>&
b, TR, BAKICETZEER, BHEYMET AL
BRAEEEEIMNI6MH m2 e, REICLALE
ERB R EREOS ~KITHIRTE 5,

FNERTIED B D5, BROMEEIZEGBR < KEERA
S L WIENBR 7O ANERT A EEHLICL
720 B, (EBELBICBVWTERE NIRRT NNA Ty bT A
L (BEHEAR 45m?) RERTTH L,

EFED FHPTEEN S F/NTEFIZE L 775
RHROFMGE T Lo, BN, ReliEd, g
EENES, rORBEHICENRERE VD JEIIRDLD,
INLDEHETRTHET LI LEEFHTERWVY K
EIAEAEICETORELRTOIOO, MHFEED LK
AT, BRLGSBEORKBLEIBICEMTE 5720, 5
B—KE kB SO A L LTS BROBENPFINS,
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Photo.1 Experimental Equipment for Pilot

Test
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