e T2 723/ CE « 5525% + 1989 (Proc. of Environ. & Sani. Eng. Research, Vol. 25, 1989)

19 ZERERA 4 AY 72 4 —0fE

THE CHARACTERISTICS OF MULTI-STAGE
REVERSING FLOW BIOREACTOR (MRB)

"B OB E &
Masahiro TAKAHASHI*

ABSTRACT ; Multi- Stage Reversing flow Bioreactor (MRB) is multi- stage sludge blankets type

bioreactor for municipal wastewater treatment utilizing the symbiotic relationship between microaerofilic

and anaerobic bacteria. The most interesting characteristic of MRB is the formation of the self granulated
sludge consist of anaerobic bacteria including Sulfate Reducing Bacteria and Beggiatoa. The hypothetical
mechanism of the granule formation and the results of one year operation is summarized.

(1) Once Sulfate Reducing Bacteria (SRB) are accumulated in the reactor, Beggiatoa utilize sulfide
whitch is produceed by SRB, then wrup up the anaerobic bacteria frock, make the self granulated
sludge.

(2) The effluent quality rose 30mg-BOD/ £ in winter becouse of the slagging of the self granulated
sludge though less than 20mg/ ¢ in summer without the slagging.

{3) Sludge producing ratio was 0.22 (produced SS/removed BOD) and 0.43 produced SS/removed SS).

KEY WORDS; Multi- Stage Reversing flow Bioreactor( MRB), Beggiatoa, Sulfate Reducing Bacteria,

Wastewater treatment, Symbiotic relationship
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EMEREKAE Y AT A3, FREABLHEIBUEBED 2 DRKEL FTHTENTED, 2000EF
RERBTH L, TAERRR, EFitA LT3, ALXFIEABIBRIBABRCEN, EVCAER-ET
BIFRABEKRBEYBLZENTELY, BB=FL¥ -2, REFBREEENSVEVLIEFEE TS, &E
BB FRMENEICE N, B =¥ - ORFFREREN DI b D CABBENAE L, WEKEL
LHE DB, FEABEFROEH, LBEAIR TV AAPENEBLIOLORBRT AL &880 12D
WROVESREERTLO0LTR, ThHOHOERYRMBRTHZLX—RPUCHETSHS., LrL, RO
SEAE, BRELBEL IR BEYFINBREYBEAT I LRI T, 2LFLVEHENRESFIH
LIcAE AR AR T HEER 555,

SEBFERKR AL 4V 7 7 %~ (Multi-stage Reversing flow Bioreactor : MRB)"? 11, [RENEBRRES T
BRARBOAL Y 727 2 - CHAL, REAORBCHEETA2HEHORERGEFA L, FLVAEBAR
ThH, HFR, XIEEIE LW IBEENRET T, FERAEZT55DTH S,

2. MRBoOEH
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* BIE 1+ R2eET (Public Works Research Inst., Ministry of Construction)

—171—-



CRHETH, UTOoEIAREOEALE Influent )
Aeration vessel

bREPEICOMWIELD LI - T l Biological reaction vessel
5, BREZBCHERRLHRT 51 |u " Sludge Blanket.
BOWTHS. EMRIEHCRT, B 2 f.tjy__u ¥ L\

BRERDIZS - < D L RIS X D D?—T%
BHIh, PRTR2~3mm OHEHE g z 1 Y-
NEREERT 5, E " E E Effluent
M- 2R3 MRB D= | 24 712 1 ' ; - k
1986 4F 113 & D EEIh T2 WA . :
iz, it T ALES OB B bR i f
kTHh, BHERORMAE EXT bk ar ! :
ote, BEBEG 3 AT, ¥ THE ““w"% ?K N/RERZEE
HOFRNIE—EYRICECEREL, € NN o K .
hs, I, B, BEEBRIEEA~ NN NN Y
BEELT &, B- 3T HEERE Fig. 1 Schematic layout of MRB
VB2 MO TER Lz, BEERIBRO
SVIRHBEREREC ECENFRAFE T A D EHMREIRS S uR, RIGEER X Y O5[#KFREE X
5 2.8%TH D, LM, BEELOREFTHS, BTENBIRIC X 5HRKAE—~ENEY RIS
RENBE, TZTOEBYORENETL, BAEWRIGECIHATHKDOBODIX20mg/ L AT &5
DHEIEREYREE T AT RBEOEBRY I HBEIN T, Z I RIFIEOHBRRABE I, Z0
FEUEFBREIIECENFREER LisW2, FARE M4m/BOLEYRIGHENT, KEMC, HIRKEEK
LB,

Fig. 2 Prototype MRB Fig. 3 Self Granulated Sludge (SGS)
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3. BACHEHO#R

MRB D& & KRV HEL, BCENFRVROBE TLHS. BCENFRRIF-4KFRT Loy
ty P TCOEDALBEOREYEBLTVAH, RV 7 2B TE0BCL Vi DMz b ¢ WBIATLE S,
RH-3R7TLOE, REALDHECENFRIBBVRCHEATVS, B- 513, BCENFBRREDCE
FEEFTZETHS, COEFPARMECL VBRENRTVAZLPEL»THS, M- 61k, K—3KRL
FHOENBROREE Y vty  TRR LYV 7 A0 THEME & 5 A ERBORREEOEE
THHEH, BEACHRED/ M ETBHE L, B#NL T EBYT5 2% v ¥ Beggiatoa LREX 1
e HESNBROAEZ, B, RAUETE -, H-TRAXOEFRERTRATH S5, Rl EF
B, ROEREIEELTEY, —BOERHEAR, K& (5 BE), PRIAIVBETEOD—F&
Desulfovibrio sp. CHX L1z, B— 2WRTFREZH T, 0COHEIMEF » v A —NEEEY 28TV, B
B ERPOHBETLEOHERT o225, 10°N/g-ss DEXHBR., AR TAABEAOHIME LEF
BIRK (UASB) FROBERI D13, 1+ —F—EWETHBH, FTROBIMEMLBE (10°N/g-VSS). ik
NB ERBDITEY,

MRB Ci3, BEBREDHEE LRV BIE TBROBEITIh S, BEREOBERRBE 2HKOKE,
KB L > THRABMABEL iz s = Lidiev, —F, EHRGHCRBREOHRIER LTV b0,
WAKPE, +o0EBRYRFETIHFITL, BIETHBIhBRIZECHEIN S, TOKREY
RIGHE®R+H D ORP2A—200mv LA FICET L, SBBECEHNEET CEA2BINEE L5,

LTHROBESERL Y, BOENOBRLYEET S L, UTOL5TH S,

M- 81k, MERELHE, MEBLEL L TD Beggiatoa RUMOMIBMEOHAERE I LD LDOTH
%, FKFOERHO—FREACENBIEABCERL, BEEMKSBRECI D, BB, Vvt VEBED
ERBCOBIhD, RBETHIZOBRBYFEL, khOHBBYET TS, CORBK I DERL
TR AR, BECENFROEELZE » THAROBEKF~NFRL T, RIGEATOBERHBITHRT
Wiewh, BEENFBREORECAT TAREN L, IROBIE CTHEINBRRCEM T AREE LT
B, ZITRIFSHERBYITORENSET TR TS S, Nelson 5% X 5 & Beggiatoa D—EIZF DTN
DEENT X - THEDER (10« MAH, 0.32mg/ 0 R EHILAKE (104 MARHE, 0.34mg/ £ K#H)
ETAHRE~BETAHENEELTE D, MRBEB\WTh, Beggiatoa 3 iBBETEX S URIME T2 » 270
EHECBIRICEEF A ERNELZOND, TRB N7 e o 2R EHCENFR~NERETHEETL, BTt
OERTH ~BE LT bDEEbI D, FicNelson 5 D5 -2 10 L 58K 75 v 7 A L, Beggiatoa B &
X DEE LT Beggiatoa DBARNEBEE 1INV 7 OBRKREN0.32mg/ (U TOHEAETE, 30~140me-
O:/g-Bth-hThh, MRBIEBWTHRIERMALBECH B b, B SHBEDONL ) DRSS,
Beggiatoa it L DB IhTWBLELZBRS,

SEAW-RREE T FAFECEFE (10cm/sec, XiX15cm/sec. KIGE TH) BE L1 T-TEHTH
CHENBROMRICET 3 KEEZPNEFCOWTO+oBRATER L, 2E8L, BATHIO> 1 AL12E
DEAKDEL, BRAE > BEOLKBLEOLTLCH LT HEENBRABE L v BRE LV
ek, BHLOABE L, FARTTONTFORREEBEOFEHRE» DB HYWENLRIFER XD
3, Beggiatoa %t & T B AEMEMEREEN MRB IC K0 5 B EENOERTHS LEL b D,

T BHREEYORE LEBZ, BFROBCENBEBIZL > CHECERETH AL REOHT T KPR L
Wi, TALREBERE SRV EELbRKY,
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Fig. 4 SGS Picked up by Tweezers

‘/

P =
Width 1.54m’ \/“
Sulfer granulcw
;
R ——
100pgm

Fig. 6 Microscopic View of Film (Beggiatoa)
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Fig. 5 Surface of SGS by SEM

corresponding to
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Fig. 7 Inside of SGS by SEM



Table 1 Medium fof Sultate Reducer

Counting
Organic S0
Sodium lactate 3.5g | Substrate y CO,
Yeast extract 1.0g
KHPO, 0.5¢ Anaeroblc Zone
NH,Cl 1.0e Sulfate Reducmg Bacteria
Na S0, 1.0g Anaerobic Hydroly51s
CaCl,-6H.0 0.1z
FeSO,-TH.0 0.2g Orgamc Ac:ds
MgS0,-TH.0 0.1z 502
Agar 15 e Micro Aerobic Zone
Distilled water 1 4 SO’ -
4

Sodium Thioglycollate * Sulfide Oxdizing Bacteria O’ '

(1w/v%) 10 m 8
Sodium-1,-Ascorbate * Beggiatoa

(1w/v%) 10 m

Fig. 8 Mechanism of Self-Granulation
* Sterilized by filtration

4. 70} 247 MRB OBREFMH & MRS

7r b 24 FMRBOEE, EEE&HELER - 210K Table 2 Design and Operational Conditions of Prototype MRB
¥, Agdang’ OE&ELG Y 1987F 4 AH
BEELLLDTHD, Design Conditions

CIRR LD, 24—k oT Aeratfon Vesse.l ¢ 10cm, Dept_hZ.ZmX 5 Vessels
Biological Reaction upper part ¢ 18cm, Depth?2.2m X 5 Vessels

R 1B, 15MBRKOEk2fT- 1, Vessel lower part ¢ 10ca,

CRRLHBRRMO=T -V 7 F BT Total Volume 2130

b, BIMEO=7 -V 7 F PIRRE - KR

RIGHCEBCIBETL, XKBEfY s v 72— Operational Conditions (from Apl. 1987)

FZ X DB L ERABE LTS, (o Hydraulic Retention Time 3 hour
. Up flow velocity upper part 4.5¢cm/min

L, #8875 X 5T XTOLBFRIFEF in Bio. Re. Vessel

lower part 15 cm/min

£T2bR TR | TREXSEMS BOD-Volumetric Load in Bic. Re. Vessel 1.23kg-BOD/nf. day
has, RACBIEREALERL, RITE
DREBRTH DD R EUEORIGEI—RHCHAMEET S, FHRA L VIERBHE BHAL, +4/
BET2KOHAIEET S,

ABERBEOT — 2 CDOWTid, BEKERLLEEOFITRCRAL, K& LTTARBEC X »HE
Lz, REFBER, RAKEABKEZRRUE, £HRCERTHRLFIEH V2, MLSS &0y v 7
2, REIGROSEHER, EREHEADCEEARK 3BT THABMAL D2y RSy bV
AELUTBRER LK, XL, BRAEAZELTVWAWRIRO L DL, +v 7)) v 23 Tbhkhoiz, BRAK
L LW WBAICBRYER L CHEL S, BREAEVEE LR, V7V v &fTol, B—

24 1 b7 5 MRB © BOD AWBEME, ¥ X0, KEOETHS, BIH" T1%, KEFHBEBL 4.
S5EEOBE, LFOEKELHCR VTS, AEAKBODIZEHE 1dmg/ TH-72h, 4E, IBERICEMRL
Tee A, RBEZRVT, AEAKBODDOEEAESNL. LrL, 2L, MRBOBAATHELTT L 1%
TRV, RERLR-10RT L5, £HRIGHE (EKE2, 37A) T, LELIEBCENFED
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Summer Winter

220 Season Season
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L
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100 e et T PR 5 Uy —D ------
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Days
o Inf  + Eff © Water Temp. °C

Fig. 9 Influent and Effluent BOD and Temperature in MRB

EXLRRbh, BROKEBIAEELTLESHENADL
hic, ZDRDHESEEMAKDOBODREARL 8D, IF
SHEDFHRKNAHE S hisds - fokedd, FRMEADATC
T A UBAKBELABRINRr 2 bDEEXLDRD,
R—114%, EROEYRIGEOTFHMLSSREOHY T
BHH, EECAEERIERGPD, Thix, BTEN
FBRONBMEBHICEE LT, HREAER Fig. 10 Excess Growth of SGS(2nd Vessel)
B, RENCHERRBRELEESTHDTHD, ERT
PHNTWBF e+ 24 FMRBiz, £O#E L,
BrpEER CRRE L TEDENFROBRLK
BEREET A L ARETHY, I HRIOER 10,0001
#EErHAVT, REOHIHAELERTHX, &
HRIGEORHRIZL VEEIRD DD LEEDLI S,
K3 18THEL ALY L EBOERRK R 2007
SWTEK, B, FHERE Ldl, LEKE
ik, EROBHE X VEKBHOKBERLYD - 1,000
el DR TRE S DTN,

HEOFERISERT S .. H—MErmRel 0 MLSS mg/ [Days + MLVSS mg,/ £

4, BoTRA, UT, SRECA», B
BWLTWb, H—#L, WAKPOEBGOZE Fig. 11 Ave. MLSS and MLVSS in Bio. Re. Vessels
»EZT AW, B CERBIROIAEALIEL (MLSS and MLVSS was Average Concentration in
ERBR, BELLKELARERE o1, R SHESE S

% 3ORE LD, &MEEEOFH BOD, D-BOD, SSKER, HIUHTHBRIIEHEE (W Th
b kg/Day) RO TH EHEHRE LTOGBRREHBE L2, K12 TH5H. BrE SS B bh T,
0.43, Br=BOD %47 HT0.22 &, FHCEWHRERKRL L1,
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Table 3 Summary of Operation Result on MRB

Max. Min. Ave.

Inflow rate nt/ da}; ----- 1.76 1.43 171
" Temp. T In. 26.0 121 198
Ef. 29.6 12.2 19.4

pH “In 76 6.8 7.1
Ef. 7.8 70 7.4

BOD ng/ £ T 220.0 45.3 9.1
Ef. 50.7 7.0 21.8

D-BOD g/ ¢ In 9.4 208  57.1
Ef. 27.3 5.4 14.5

SS g/ ¢ In 207.0 0.8 . 4.7
Ef. 47.8 2.8 10.4

Toshido cn In. 14.5 12 a9
Ef. 56.0 5.2 23.7

MLSS mg/ 2"  No.1Bio.Re Ve. | 24,720 o 3710
No.2Bio.Re.Ve. | 39,560 2,410 7,864

No.3Bio.Re.Ve. | 43,750 2,480 7,583

No.4Bio.Re. Ve. | 31,240 1,910 6,924

No. 5 Bio. Re. Ve. 24,680 1,340 6,023

Sludge Blanket No. 1 Bio. Re. Ve. 225 13 78
Hight No. 2 Bio. Re. Ve. 222 6 181
No. 3 Bio. Re. Ve. 225 15 175

No. 4 Bio. Re. Ve. 225 45 181

No. 5 Bio. Re. Ve. 218 0 152

Total Solid in  No.1Bio.Re. Ve. | 170.3 0.0 25.0
g No. 2 Bio. Re. Ve. 636.6 6.6 109.1
No.3Bio.Re.Ve. |  721.2 6.4  106.7

No.4Bio.Re.Ve. |  515.0 33.7 99.3

No.5Bio.Re. Ve. |  397.2 0.0 73.9

Total Solid in MRB g 2,297 170 414
MLVSS ng/ ¢ | No.1Bio. Re. Ve. | 14,740 0 1,920
No.2Bio.Re.Ve. | 18,260 1,540 4,956

No.3Bio.Re Ve | 9,110 1,700 4,849

No.4Bio.Re.Ve. | 15,820 1,320 4,808

No.5Bio.Re.Ve. | 11,720 1,050 4,191

Ave. V8% 81.5 60.7 72.6
-Excess Sludge Concentration mg/ ¢ 53,710 4,130 28,011
Dry weight of Excess Sludge g 469 57 207

Y Ave. MLSS in Sludge Blanket (Excluding Settled Sludge)

%,

0
Sludge Producing By SS/D-BOD By SS.SS

Rate by SS./BOD
Fig. 12 Sludge Producing Rate of MRB

5.

FEHLSHORE

3180 Lo MRB OEE R A % L 5
ELTFD Xk B,

oy

B X0, 1.5BOKBENATH %
Bz sr, BREHTR VT
BOD, SSZHEDOMBEMEES, 7z hET
Liciz, LA L, ZHhIXBHAR ED
BATIHEL, EREBOBENHIKD
L BHBEROFERENE (Fhizses,
BRE TARKOBEMBROET) KL b
ELRbDEELLRS,

HiRE#HRKL, BRE BOD, D- BOD,
SS¥thhEhn, 0.22, 0.35, 0.4
3&ich, FEBMABEDENR LD, &
e EWEE IR -7,

MRBit, NNEIERRVF Ry — L ERTO
EANRBEOBERYITO> &M, lahBEL
WABEBETHD, HCBENORBIZE LT

2,

RIERBED SR H s, 541k, MRBH

DEERMELEZOND, RBETHE,
Beggiatoa \Z o\ T, #i¥R, WMEZEOKER
TEWCTEOEERYRzE, RELILHS
2L, MRBRTOREZ#ET 5 LEND

¥, RRORE, EEFEFECOVLTR, FRAME N1 =2y P FIV P 2BRFTHY, TOF -
2 DOEBYRAFETH 5,
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