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MICROBIAL AND STRUCTURAL CHARACTERISTICS OF GRANULAR SLUDGE
DEVELOPED IN A THERMOPHILIC UASB REACTOR

LR R EA
Shigeki UEMURA*, Hideki HARADA**

ABSTRACT; A thermophilic UASB reactor was operated for a period of more than six month by feeding a synthetic
wastewater composed of sucrose. Well-settleable granulated sludge with a diameter of 2-3 mm developed successfully after 100
days operation from a start-up. Characterization of thermophilic granules was made with respect to morphological structure and
methanogenic activity. The granule showed a double-layered structure. The exterior layer was composed of a sponge-like
material, while crystalline precipitates existed in abundance inside the granule (referred 1o as the core). A major component of
the precipitates formed in the core was confirmed to be calcium carbonate, in the form of not only aragonite but also calcite.
The presence of calcium-bound phosphorus in the core was three times as large as that in the exterior layer. Methanogenic
activities from acetate and hydrogen increased with increasing vial-test temperature from 55 °C 10 65°C:1.43 t0 2.36 and 0.85 to
1.11kgCH4-COD - kgVSS'1 -dl respectively, for acetate and hydrogen. On the other hand, methanogenic activity from

propionate remained unchanged in that temperature range (0.1-0.12kgCH4-COD - kgVSS'1 - &1}, The methanogenic activity
from propionate was considerably lower than that from acetate or hydrogen, indicating that the propionate degradation is a rate-
limiting step in the thermophilic condition. The acetate utilization rate of the granulcs was significantly inhibited by the
presence of hydrogen. This indicates that a large extent of acetate conversion to methane was performed by a syntrophic

association between acetate-oxidizers and hydrogenotrophic methanogens.

KEY WORDS; Thermophilic anaerobic digestion, granular sludge, calcium precipitation, propionate degradation, acetate

oxidation.
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Fig. 2 Performance of UASB reactor treating sucrose at 55 C: A, time course of methane

production; B, TOC loading rate; C, effluent TOC concentration; D, removal efficiency. Recirculation
of the effluent was provided on and after the 80th day (arrows).
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Fig. 4 Elemental mapping of calcium
and phosphorus over the cross-section of
the thermophilic granule. A, cross
section of the double-layered granule; B,
distribu-tion of calcium; C, distribution
of phos-phorus.
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Table 2 Mineral composition of the
thermophilic granules

g/100g-SS

Elements Core Exterior layer Total granules

Ca 34 7.9 14

P 22 1.0 1.4

Ca-P 1.8 0.61 0.93

S 0.31 0.62 0.55

Fe 0.25 0.091 0.11
AT 945 %4 103

Ca-P; calcium-bound phosphorus.
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Fig. 5 Scanning electron micrographs of the thermophilic granule: A, colonies consisting of
Methanothrix and rods in the core; B, dense colonies of Methanothrix around the core.
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Table 3 Methanogenic activities of granules cultivated on sugar-confaining waste
Growth Operation Test Methanogenic activity
temp. 1 o1 P-MA References
substrate temp.(T) ) (kgCH4-COD - gvss'! " gl
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A-MA P-MA H-MA

143 010 035
55 30002 (0003 (0.0 0.044

1.81 0.12 0.98

This stud
Sucrose 55 60 ©.02) (0.002) ©.03) 0.043 y
2.36 0.10 111
P o ey o 2P

Sucrose 30 35 0.62 0.16 1.37 0080  Haadaetal !®)
Sugar waste 30 0.92 0.42 0.92 0.23 Dolfing & Bloemen22)
Sugar waste 30 0.38 0.26 0.78 0.22 Dolfing & Mulder®?
Starch &

con 18)
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Figures in parentheses represent standard deviation of duplicate activity determinations.
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Fig. 6 Inhibitory effect of hydrogen on acetate-utilization of the thermophilic granules. A: under
argon atmosphere (control) at 55C; B: under hydrogen atmosphere at 55C; C: under argon
atmosphere (control) at 65C; D: under hydrogen atmosphere at 65°C. symbols: B, acetate; @,
methane; A, hydrogen.
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