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ABSTRACT; Two continuous flow experiments were conducted using self-immobilized
methanogenic cells reactors, i.e., upflow anaerobic sludge blanket reactors to
investigate its process performance. The first experiments were made at 25°C both
with a mixture of starch and sucrose as a substrate at a influent COD of 3,000 mg:
(refer to as Run 1) and with molasses at a influent COD of 6,000 and 2,200 mg-l~
(Run 2). Maximum allowable loading rates were evaluated to be 25 kgCOD'm‘3'day'1
(corresponding to HRT of 2.9 hrs) for Run 1, and to be 14 and 20 kgCOD-m‘3-day'1 for
a influent COD of 6,000 and 2,200 mg-Z‘l, respectively, for Run 2. The second
experiments were made at 35°C both using a mixture of volatile fatty acids at a
influent COD of 5,000 mg- -1 (Run 3) and acetate at a influent COD of 3,000 mg- -1
(Run 4), resulting that maximum loading rates were achieved at 70 (corresponding to
HRT of 1.7 hrs) for Run 3 and at 25 kgCOD-m'3-day‘1 (HRT of 2.9 hrs) for Run 4,
respectively.

Comparison of microbial activity between granular sludges cultivated in Runs 1 to 4
indicated that methanogenic activity, ATP pool and Fuzy content were varied in the
range of 0.3-1.7 kgCH,-COD.kgVss~1l.day~1, 0.046-0.355 mg-gvss~1 and 0.032-0.39
mg-gVSS'l, respectively, which were 4-20 times, 1.1-87 times and 2-26 times greater
than those of the original innocula of digested sewage sludge. Morphological
observation of granular sludges by scanning and transmission electron microscopes
revealed that both filamentous growth of methanothrix genus methanogens and excretion
of extracellular biopolymer by acidogens take significant roles in granule formation.

Z-l

KEYWORDS; Wastewater treatment, Anaerobic treatment, Upflow anaerobic sludge blanket
reactor (UASB), Methane fermentation, Granular sludge.
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Table 1. Substrate composition.

Run 1 Run 2 Run 3 Run 4
—
Starch 1,400 Molasses 5,800 Sodium acetate 1,300 Sodium acetate 2,900
Sucrose 1,400 2,000 Propionic acid 1,000 Yeast extract 100
A | Peptone 200 Peptone 200 n-butyric acid 1,000
Lactic acid 1,500
Yeast extract 200
KH3POg4 125 125 36 36
B (NH, ) HPO, 70 700 200 200
NH,C1 - - 350 350
NaHCO3 2,000 2,000 - -
¢ | Basal inorganic elements; CoCly:6H0 1.2, NaMoO,-2H,0 1.0, FeCly 5.0,
CuS04+5H20 5.0, MgClp-6H,0 33.3, MnSO4-4H0 15.0,
CaClj 27.4,
At (mg COD/1), B: (mg/l), C: (mg/l)
COD : N : P =100 : 5.2 ¢+ 5.7 (Run 1), 100 : 2.8 : 2.7 (Run 2),
100 : 3.0 : 1.0 (Run 3), 100 : 5.0 : 1.6 (Run 4)
2.3 #HBE
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3.0k-COD/nie day T30 AMIEIBREREMBL 7o
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2 ~ 5 kg-COD/ni» day TEEFEIBE R Lo ERICHL 7o,

Rund i}, & FARMEISDEMNLFER (VSS/SSLH682%) % 1mA vy va Ry ) — vl BHA
HBIc L > T 16,100m- MLSS/7¢ (SVI 998ml/g) REHELL-LDE T ¢ EEL 1,
2.4 ONTHIE

RIS B (VFA) R, # 2R 21 FNFID (PEG6000 10 % on ¥<= 54 b TPA, 3mX2m
HS5ANB 5L, Ne ¥+ ) F7—#HR55n,/mn) TCD (ELFa2F—vy—75A+KI/Ny7Q,3mX2m,
At + ) 7T—HRA50m,/ min) HARIvZ 374 -~THELL. BRARE - EXEBRCNI -4
— THEIE L, 1

ERZ I =2-1roRBERIEFEHRESE» S, RE (a) , @8 (b)) ZHEL, d={@+b) 2}
LRI, BMEEAKIT 1008 L& L,

EECEMABR, 2%/ vy — AT ATe F (0IMA 2 o vBEEEHT) T3 HE (4°C) BEER,
1 %A 2398 (LIMA2 D VBREGRT) TLER (4°C) BAELL, ZzoBRAME, =4/ -y
)~ R TEAL, BREERE, XS0 TEELLY

ERBEARENL, 05% 7y —TAFE FTIEE (4°C) FMBEELLE, 5% VvI—ATATF
EFT2KM (4°C) BE®R, 005 vTF=valy FEEUHIDLVBEHRTHEL, 2%F2174
BT2HM (4°C) BRELK. 851K, 24 /-y ) -XTORKEBET, 0L05%VF=9 L F
(25%, 50%x4/—nm) | 3%l 5 (15%xy/—nth) | 3%EEES (100 %25/ —iH)
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Fig.2 Time course of gas production, methane production, CODtotal’ CODg41,

and VFA-COD in the effluent for Experimental Runl.

—244—



Fig.3 KEBAWNECODBREFOMBETT, 100

°@S 0%
AHEH 30 k- COD/mi+ dayBEAHIC L7~ 5 2K ool TR g
HELRD, T LOARTHBREESAMICEL  ~ gol 0;
T30, 81H~111 HOBAMERICLZERE T 5| e
BE (25 -FHT) O/ 7=a2- A OKHIL  § _| -
3D ThHb. THbL, 24 - FRFOAEL K E '
) 50 + oRUN 1-1
BFARIEHEEELD, 522 —-VADA 5 VHE §
40 F e RUN 1-2
DF A (habitat ) ZEH T EiKEh, » 5 vAERK
EHDOET « VFA OFEHEA L LTS, Dk 10 20 30 a0 so
SHKRMBEREEEDO~ Y b A~OERIC L 2053 Loading Rate (kg-COD/id)
Fig.3 Relation between COD loading rate and

HHEOBAIEHOBEMK CERELER (AN
6k~ COD/nie day, 19°CUT BB KEETK
Fyvohi,

Fig. 4 AR 115k COD/meday (24— +% 1 HE)
LM 23 k- COD/ni+ day (52 HHE), &% 34k~COD - day
(80HE)KEIFBMLSS, VSS/SSt, CODfil,
total — VFA OREHBUHEBEIFERT. Ny FEIT
12 40000~50000mg—MLSS L DERBENSFEAT 2D,
SEAE (A 23, 34k-COD/msday) TIRIERVSS/SS
H&90 %Ll Licml, AROBREHEEOERAREE
HITWb, BEREETTIR, <~y FANTHERRIL, £4
LD P LIRET LTV A A, BAMEHETTE, itk
hic b BERE » 7o 4 vBAIRIERIEE (60m/ ¢) BAEL
TWVb, INODERLD, R4 -—F+vasu—-BEE
BD25°C WEEHTTE, KELLBEMELHRET LD
RAEEN 25 k- COD/n daylBEEMHRBRATH S L BN 5,
COBEMEBETO (EK2 7 v /BECOD) HiZ
0.31N¢ —CHyg-CODTHY, Tx1F¥F¥— N5 20HEHE
FEMHHIZ035N¢-CH g CODTH AL &h o, BrECOD
DED 11 BEESEEBBICH N OO EEZLN .

COD removal efficiency for Exp. Rum'l.

100
L S = —

TOTAL-VFA
(mg-COD/ 1)

COD fal.
(mg-COD/¢)

o Q SS o SR—
10305070 110 150 230
Reactor Height { cm )
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BEREHOEEYRINSVCENHE, —F, 24—-F+va7o0-RBEEHE, BREEEEER,
a2 - VEROMNKERE, WHrafo—228 VEREH®RICBITNEBEOERZIRD ONE Y,
Zokoit, UASBRIGEBHRDOERD 7 7 =a —nfLid, B, AROUBUENBCI 5AVERRRED
EmMoA LT, Ay vERBEOSEEOERBILICK I &4 v EREHOENEE LS LTV 5,
Table 34,757 =2 —WEBROD Fize 77—, ATP7— Vv DOWEERT, BrBEE Y 5 =2 - VEBRED
FezoZB8, ATP7 — A%, ML FABROFNFNMEL 2, 10 LML TR okst L, VFAKSE
T5=2a—WERTRZNEN25H, 50/ GHEIML T 5, Ak, BRAEER/ 7=~ VBHRTHR
FhENE~9f5, 38~86IKLEML TS, Fured 2 & VR BEOHBRATKEZL SOETFOPL
B*xr Y 7—&ELTHERAL, BEBEASA A0 EF Y v e VA § ERBE®ROFMIEEL LTEHET S
HEBHZ, LinL, A5 VEDF 20 SREB I3 AF-BEBERLEHECEEL TS, KkEHD LV IZHK
BAR A VEODOFL BB RBEREMEA s vEDZ ALV T VA -5 - LEFV T L PRESOATV %,
FBIER S 5=a2— L TR, K
R4 VENBIZLALERE

Table 2 Methanogenic activity of granular sludges.

LD, VFAKEE S Granular sludge Methanogenic activity* Loading rate | HRT

_ . cultivated on A B (kgCoOD/m3+d) | (hr)
TEa— N BREBRES

acetate 1.30 0.30 17 4.2

Za-—ATEPEDHFELELTL VFA mixture 1.70 0.33 26 4.6

. starch & sucrose 0.77 0.75 17 4.2

BLEIMEESN D, molasses 1.10 0.68 13 4.2

— % ATP@%'iﬂQE%EﬁE sucrose 0.38 0.33 6 12.0

, digested sewage sludge 0.09 0.07 - -
Fo4A-2BEERELLCRE

*; (kgCH,-COD/kgvSS-d), **; A:acetate, Bisucrose as a test substarte

ZOFEWREOLERELLTE
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CRVWSh Y, BIEHFRED

DMk RE - BAERE - Table 3 Comparison of ATP pool and F,,n content
Ay VETOMBEE, fCBE of granular sludges.
HicKxUBBIODHB TV~
THEET I XHSBWAERRTI, Granular sludge ATP pool |[Fy2¢ content | Loading rate | HRT
ATPEBDOELET 3 & D AN S cultivated on (mg/gVsS) | (mg/gvss) (KgCOD/m3-d) | (hr)
. . acetate 0.046 0.032 17 4,2
LbBEETHEHRL L, L L, & VFA mixture 0.098 0.192 35 3.4
N — o VFA mixture 0.206 0.388 70 1.7
AN A T IVIZN A A T RO starch & sucrose 0.155 0.132 1 6.5
RETEM (B EES L IZE molasses 0.355 0.079 17 3.1
) . sucrose 0.277 0.107 9 8.0
EEBO S — v - —EE) digested sewage sludge 0.0041 0.015 - -

ERBEAICERL D ST,
B s HPEERERINKL S I 22— VBERIDOGVFARBE B/ 5= -, BREEESR
75 =2~ DATPEEMKEZ VI LBET 5,

Photos. 1, 2T, ThZh RS- F+va7 0-2REEE, MREEEE/ S V5ROEEEH,
BREBEHEHEERT.

Ry —F+vas0~RRT522-TR, 75=a—~ VERIBHEREROEERERIER IR
AH) =523 LENSHMARLORERNFELTEALTL A EBEEING, £/, COMBASR
= —it, MIEREL2ACEEERI-F 47 LT3 470bD&, 2P~ XBHMHEREED 5 4
TOLDNH B, MEPARY = -3 BEO/L VBB LEBERY > voBTFLRAOTREEINT, vF=oL4L
y FTRBEINBCEDPOBUEEEASTIFHEREL TV LB EEINS, £/, F'5=2—- VAR
i3 Photo.1 (¢c) TRONB LD, BrE /L v VETH S Methanothrix @ (EMEHAES L+
Ty LEBTE) ORRBEECE > THERSIATVWS, $68bbL, /7=2-LOARICERY BEBERK
RABHNMOA s vVEICHBRE BB T 54BN UBANUBRELMERSN TV S, 51, BEREOERKT
ZHRAAR )-S5 VOYBHBREERARTIDOCHRL-TIE260EEbh b,

—%, BB & s/ 9 =2 —id, V5 =2~ vEMA (Photo.2 (b) ) &5 =a— ¥ (Photo. 2(c) )
b Methanothrix[BA 7 VEOO IO bHE-EREOL K, BEBREBLLTVADONBEINS, 20D
BEvF =Tl FTREBINIERAR ) - 23@ LBV, HTLLS 7 =2 — VERICHEEA
) v —DEBRBHERHETREVWEEDLDNS, $4, Methanothriz BA 5 VEADORRKREEMN I 5 =2 -0
ERic K BELTWAZ &b Photos. 1,2 o #HEIN 5,

4 EEH

ARRTRBONICHMRBLUTOLSKE LD OGN B,
(1) 24—F+vaso-xBAEHE (HACOD3N00m ¢, 25°C) Tld, BEATN 25 k-COD - day
(HRT 29hrs) $ TII CODBRER B XL LOFGHELEMBHEELTR LAY, ZhULoBFBARTIEE
HEE (R4 -FRF) OxXy FRERBICX > TAE7 o £ 2 3HET 5.
(2) BEHEEABAMAVALERSR (25C) KBV TR, HACOD6000mR 2 TIXARATN 14ks- COD/ ni day
(HRT 103hrs)& T, $7, MACOD2200m, 4Tt 20k-COD/m+day (HRT 2.6hrs) , CODRER
80% Ll EDREREEZERL o
[3) VFARAHRHE (A COD5000m, ¢, 35°C) TII, BMEM 70k-CODmeday (HRT 1.7hrs) T
CODMERBO%, 7/, BrBEEHE (WA COD3000m, ¢, 35°C)TIX, B 25k COD/n«day
(HRT 29hrs) TCODMERSO BL LD S BMMMERE S ZR L 72,
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Photo.l Electron micrographs of granular sludge cultivated on
a mixture of starch and sucrose (Exp. Run 1).
(a),surface of granular sludge by SEM (X20,000, bar:lum);
(b),thin section of granular sludge surface by TEM (X50,000,

bar:lum); (c),inner part of granular sludge by SEM (x10,000,
bar:1lum).

36 08 o0

Photo.2 Scanning electron micrographs of granular sludge cultivated
on acetate (Exp. Run 4).

(a),whole view of granular sludge (X60, bar:100um), (b),surface

of granular sludge (Xx10,000, bar:lum), (c),inner part of granular

sludge (x4,000, bar:10um).
(4) BECODMILDLD A5 VHERNERIE, MREET031, VFARETO032, MREHT
0.33 N ¢-CHs/ g-COD B3 & FFfli S N /co
(5) BHBEBEFRKRS 5 =2 —Vid, BREEERKYS 7 =2 — v REL TREHE, SVIE /NS VEE
AR LT
6) 5 =a—WERRICHE-> T, MEBRTH 5 FKRMLHBEREILEL T2 o YEKKEER 5 ~20£55H 0
T35, T, HERBBILL-TS 7 =a—Vi&EYa vy — v T OBBMER LT 5,
(7) BifR3&ES 5= a— VO Fu0 &8, ATP7—nid, VFARABKWEE, 5 =a - VXTI /5 BE
EINSVEERL fo
(8) WREHEEKRS T =a—id, /7 =a2—- VEEEFCEET2BERESMBA L) v -Z2RWLS
5, MBEEtEOREFEAICEELSEL 4> T0b, $1, Methanothriz|B* 5 YEDRIKMIELE b
J5=alb—-vaviRR&EMEMLTWV S,
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