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a. RS (x 110); b. R STH B (x 4000);
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e. HEEHE (x 7800) .
Fig. 1 The photos of outer layer of granular sludge

a. Apperance of granule; b. Methanobrevibacter sp.;
c. Methanobacterium sp.; d. Methanococcus sp.;

e. Methanospirillum sp.

AR, HEPREFTE (Methanobrevibacter sp.), P=H LA B (Methanobacteriam sp.), F=H
RBE (Methanococcus sp.), 7= Bz M # (Methanospirillum sp.) &, XHAREETAE
FAFRIR B SR, FAREEED, XEAENATE S8 ‘KL ", B—f
HRE LB RA R T RFET —EWE, TSI RS 58 5 —Fh 7 B g
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B2 RS ERAEAARERELY, TREIBMEHBENHiRAE. ANEHT
PES, MEAREE—TMERHER (8 2-2) . ENFERXRERFER SRR,
LIFX—Z RS EPENEE. URAN M EEFTEEBEATFEAERRL
MEFHTPRE (B 2-b), RAETRRLE (Methanothriz sp ), LA HEABRRE

M2 BRGRAESSHEGEES
a. WRISEYIE (x 40); b. =R FEABRE (x 4000)
Fig. 2 The SEM photos of section of granular sludge
a. a section of granule; b. Methanothriz and Methanosarcina

(Methanosarcina sp.), MEfEMNEERERL LT, X—RELRZFBRRGRERZENA
EWEHEAERERSAARAR. B8NS R I/HX—Fi.
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FHARBRE Mt —SWR. FPRARRELIASMED (B 1-c), HEREFS
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B MEFRUFRREN DUEPFESERETFHEMAE, MR RETEnTR
R EHE BB ER) .

HEFHREFHEAR —~PR4E, 5 1TEEFTERESEE4-CBRAMES
HetE—& (AW I-d), IR AERITEE_HRFELE AL ENIEN. £54H
ik, CHREMNFE-ZRAFNEELEFHAABEFRL=HRE, FARMNERNZRE
FAUFEHGEEEEEELESLEFER XHAKMBHROER. EEAS, XAEHTR
EPRFRAERAEFS R REE T EEEEERH, BNREHELFLY 70% AHK
FHZBRIEAH, PR, SRS REPEEAENSTAREEN, MEaF — ek
g5t A, #HKEERFE, FREEMNAEEARRGEETFRBLSEHRER.

© PERFRME O RFATIEESHEL http://journals. im. ac. cn



4 ¥ MRS WRSRASFRENRGHRETR | 307

W R

RERRMRAR, R T MRS RIS SRR (1 3) . HEEE: N
RERES = PRANMETHN (nRRAE. &2~ CRAES) 4Ry, RE—EH
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M3 BESEAIESRRN
LEE; 2 WMERE, 3 EHAE: 4 ARE; 5. REEAN, ¢. ~A~ZRAN, 7 AERRTHRAN,
8. EHREN; 9. EREARNMN,
Fig. 3 A preliminary structural model of granular sludge
1. Substrate; 2. Outer layer of granule; 3. Inner layer of granule; 4. Hydrogen carrier; 5. Fermentative bacteria;
6. Hz —producing acetogenic bacteria; 7. Hydrogenotrophic me!hanogem; 8. Methanothriz; 9. Methanosarcinag
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BURRT AR Y AREE TR, BB - RRERE, X/ —BFE 0.5mm K
L. EWRSEER S RPNED, AR EREERENHERIN (8512 8), K&
RUETX —WE. HOEAREERE, BNERLK BRERTAIRRMBNISE.
FRRAHERN S RTOIERSEERES A ZRAEH L E L E ST, X
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Dubourguier 2532 1), 7= R AT B M - AR MM R E L EW, ORRARIMRI
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AN OBSERVATION OF METHANOGENIC BACTERIA AND
ELUCIDATION OF STRUCTURAL MODEL FOR GRANULAR
SLUDGE

Zhu Jianrong Hu Jicui Gu Xiasheng
(Department of Environmental Engineering, Tsinghua University, Beifing 100084)

This paper decribes the characteristics of composition and distribution of methanogenic
bacteria for granular sludge. The observations show that the methanogens at outer layer,
of granule are mainly hydrogenotrophic, e.g. Methanobrevibacter, Methanospirillum, and
the distribution of bacteria exhibits to some extent compartmentation. The methanogenic
bacterial populations in inner layer of granule are mainly acetotrophic, and Methanothriz
is the predominant species. There exists a syntrophic association between Methanothriz
and Hj - producing acetogenic bacteria. Based on these observations, the authors propose a

preliminary structural model of granular sludge, and have a discussion for it.

Key words Methanogenic bacteria; Granular sludge; Structural model
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The photos of transission electronic microscopy of granular sludge: a. Methanathriz sp. (active
cells); b. Methanothrix sp. (empty cells); ¢. Methanosarcina sp.; d. Syntrophic association between
Methanothriz and Ha - producing acetogenic bacteria.
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