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Fig. | Granular sludges formed in synthetic wastewter
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I. Grannla, urface with Methunothrir as dominant bacteria; 2. Methanosarcing .
Methanothrir and Methanococens Living i 3. Autolysis of Methanothris under poor

condition; 4. The surface of granular sludge formed in synthetic wastewater.
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Fig. 3 Granular sludges formed in acetone & butanol fermentation wastewarer
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1. Granular sludge; 2. The area with Methanobrevibacter

as a dominant bacterium in the granular sludge.
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Fig. 4 Methanothriz and Methanosarcina isolated from limited culture medium
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Fig. 5 The floceus of Methanvbacteriun formed

in last growth stage

ot 7 el 2 A SR V5 R T HL B
BWEEN, FRERRELREEBRN
BRm EEME. FRPRIENRT
H,/CO, (3% T ) B 7= B e T 1 . 3X f 4
R iRt R: Lal LS RUR S iR
% . 8 TEE K R W R W B W 1A (T
5), BHETMREIEHHEYIKE
Y Y TR A AR R
S. R. Guiot™ 3 3 f Bf 18 W BLJE K Z
4. (HEFILANE ST A FHFARE
B, H A Sk B R S R R EE R
{5 3% B 0 O B S L LR b ELRE RS
WA . WS FR AR T RRAEN

WA I HLBE IR L S T2 o BER M L AR S A B SRR BT 4 LA A 78 A R 8 4R o L

PLEB .

2.2.2 JEWMBRIGIRILEM: A A AR AT B - £ R 45 A9 HE 5L T 0kt AETE AL ELHL
BRARIE T NS HLRGRE WA B . R TNG400 RETFLAHT FEREBEXELEN
Bl Fe.Ca.S5i.P.S M AKHILE. Pl I RBOKBR SRR EE Ca P BT R,
S WIRIE N BALRE 9.0 Rl PR IB EH KA LI TR A A Ca 9 & It
RSMERM AT . WA R G TR S BRE R A X (B R BB & A

“5E M TTIT AR 53 4.

#£2 BUSRARASENEREE.TNS00)

Table 2 . Relative content of elements in defferent granular sludges

TRk KB 1,2 AR BN 1K 2
% & F-Ioccuius sludge formed Granular sludge formed in acetone-butanol
Flements in slaughthouse waste fermentation waste
* 1hi g [] * (] . Wi )
Surface Section Surface Section
Mg 23.72 4.23 2.49 4. 82
INa 1.67 1.83 1.58 1.78
Al 9, i1 11.43 11. 88 15.25
T s 19.35 7. 86 19.49 14.67
™ ; iU, 85 7-88 7. 69 7.16
s 18. 34 23.57 16,35 20. 69
-#K L 1. 58 1.35 1.20 0.72
Ca 13. 75 12. 88 7.36 5.85
Fe 18,51 15.70 27.8) 24.57
Ni- 19 0.29 0,26 0.39
a Co [N 0. 20 0.15 0,18
Zn 3.23 2.78 3.82 3.92
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Fig. 6 The state of sludge at different stages 1n synthetic wastewater
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1. Floceulent sludge : 2. Formation of flocculent microorganic aceumulation :

7. Formation of small granular sludgez 4. Mature granular shudge

20 ¢ IR E BT A A2 AR T W N BE L fR AT 6ke/ (me - ) CRALEER G J1 0] FOE 647
(H,pmol/(mgVSS « 10min)), FEMF HE AL, 50 KLU - g -4 i X F] 10ke/
(m* - YR iU 0 F AT B BB K £ Bk (1. 2— 2. o), LA BUE M BUE B
2.2.4  EROEE b EL R B R A R R R E P R A SRR A
40 W A R B R BB 5 2B i (DL Alibhai £ Forster (1986) 89 %E CE ™
W vh % 58 R 50 Bk K W R A e

Je I TIEY 241 F1 242 (AR s 5 £ (AR IR S8 1 P BE KK BT R FHLE SRR
B AP R B R L Cb 241 UP AR T 242, TENCER B I WX R R R AT (TR E
B BLE BL ARy /PR, % Fir ) 8 1 R B3 R R (24 D ELITE B AEfE R AR
P AT ] B R R DR 2 EORE BURE A SRR IR TR 40 RRIF 240 REEPER
S E AR R AR B R R 7).

© MERFRMENTRTMATIHKSHEL http://journals. im ac.cn



14 B8 T R U R 75 T 8t R R O HLTE Y s 53

225 BEERLERG ERR PR
BRAXE R, RAG WA R 0B
FOHUT L@

MK B I 248 TR Rk 5 9 R 2 i B K
WK EWHIE L E F IR R EH 7
BB G Bir R 20 E E4 L
BEAKHIS Ay 5 B R R4 0V T R T %
KR BT AR R B R ok M P 8K
TS R INTCE D AT LN ISR AT o ik
BEERZRETRHM R, BRg) @
BTN LAME 2 o 8 o) A T M2 K R T B 11
BB, SEENRATH &MY, P 7 20 ol oo O s A2 G B 6

IR WA ST A MK Fig 7 The absorbiion of net polymer for bacteria
KEHEm T, R =M 5%, TEME
RICHEEMEM. AMHEE SHRKNAFERBEEN. 4K ) Q8 7R TR
BRmoL T WA R — B0 R RS RS S s R R
SR8 S0 /N W ORI DR ATS R 388 11 . D9 00 5 3000 B0 A7 0 00 535059 TS ok B0 o A ol ot
&K T FERITE 0. 2m/h, BRE - UGG T L AR (040 50 K ) 500 W 5 £ ok
FEUKH b 7 T 2 BERE L B WA A A EMORLISS <% AL 97 0 AR L 2 5 L (R 4
B — T —— WORE 10 Fb T D08 (b U 1 0 6 10 S 7 3R 00 VS

FMBRIRWE AL OGTH AT akg/ (o d Jyof s SR Gl Mgl e G 3
RELHBMXFRMETARS 4AEHEFEHE RN (i) m“t'#mab)\i RN
HE R s 2R ST IR BRI, S b1 AR AT HL O B R I Wik
TkEm.

7 HE 20K T X HEE LR S S 4 L AT OB JL B8 AGE T b o)L S0I R & TR
TR ILREYE R AT A9 B0RE, DR B P U2 AE & A I . R AR B R B (HAC)
HEBHERER N A BOURE R A HLIG et H 2000 3 5 A 1S I M I F A
RRRKAHILGAE . HETE COD LB 5t 70— 805wt TN 0 7. 3 B A 2= W 4
HREN TR EES N AR LR E B 10 B YR Bis s,

PEAK AT PR L3 v G S 48 01 Ca® ' Al Fe? ' 1 % AU BLR 0030 ) B0 TE 3 R L2
R BRI 6 92 PE T VTR R A IR TG PE AR i Tl K SR 25X
BogC A+ 152 Bl D0 B TR 2 0 62 RS JBE Y S B T 0 L LAC K E o B
TSR BRI R Y A T A M TTUH (R 1 0 R O R R R
IEF T R SR T S PRI IRAY - V3RV B SRR AT W 0E A A L R
GTREYE L7 b 0T R T B R A A ],

AT 50 UL « R A 0 A 8 S B — o i R R U B R G A (L 2 1)
RIS W B R I 07 0 LA R HL T 5% DA AR ] B DI 3 50 0 ) 141 558 A 920

© PEBFRMEYTRFATIESREL http://journals. im. ac. cn



54 m ot #H = it HE

B ARG RN B W S R T O R TR S W
AR T &0 Bl PRILEOR .

g % X B

17 Dolling 1. Ph Ty Thesis of Umversity of Wageningen, Netherbawds, 1887, 7- 66,

L2 Lettinga G of wf. Biotechnol Bioeag. 1380, 201:658 734,

Hulshoff P, Loevongs Go Wai S0 Techd, 1986, 18:41 500
| Woeimim W et wf. Wat Kes. 19870 21, 7R - 7919,
"3 Lettinga G oot 2f. Proc of GASMT  Workshop, Nerherlands<, 1987, 25 27,
ROE O NEOFL R 1084.24(2) 99— 104,
7 Guiot 8 R ¢ wf. Prac of 5th Int Symp on Anacrobie Dgestion, Sao Pavio. 1985, 17 53,
(8. Dolfing J. Wat Sci Technal. 1986, FR()2) 115~ 25,
T4 Weimin Wu ¢ wf. Prov of 4th Int Symp on Anaerobic Digestion, Guangzhouw. 1985, 339 — 3534,
ul o Allbhat K R K. Forster, Eseirone Tech Letts 1989, 7:1%1 -200,
117 Rehinson R W ot ad. Appl Knvicon Micrabiof. 1981 48,127 - 136,

STUDIES ON THE MICROBIOLOGICAL CHARACTERS AND
THE MECHANISM OF FORMATION OF GRANULAR
SLUDGES WITH HIGH ACTIVITY

Zhao Yizhang Zhang Hui Tang Yi Deng Yu lLian Liwen

Clhe Kev-opent Lakorators of Ameerobne Miceobiotogy of Miwistes of \gricofiure o Chengda 5100113

Abstract  Anacrobic granular sludges formed in scveral kinds of industrial or synthene
wastewater were selected for microbial studies on morphology. characteristies and
microbial composition. By scanning the surfaces of matured sludge granules wnith
electronic microscope. it showed hat the dominant bacterium in granules was
Methanothrir sp. which twined about each other to form granule-like pellets during the
later period of the growth. And Methanosarcina sp. played a certain role during the initial
pericd of granule formation as wel'.ln this study. the microbial composition and
operation features in all formation stages of sludge granules in synthetic wastewarer and
adhesion of the " 2417 Net Polymer to hacteria were observed preliminarily. The
necessary conditions for anacrobic granular sludge formation were discussed.

Key words  Anaerobic digestion. Anacrobic granular sludge. Forming mechanism

© PERFRMEDTRTATIHSHEL http://journals. im ac.on





