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Abstract; Biogranules treating brewery wastewater were considerably stronger in resistance to attrition and dissolution, due to the
higher content of ECP, than the acetate-degrading biogranules. Each mg of the latter biogranules, which were predominantly
Methanothrix , had an average 0.09 mg of ECP, whereas the former biogranules had 0. 15 mg because of the high ECP contents in
the hydrolytic/fermentative bacteria on the surface and in the syntrophic bacteria of the mid-layer.
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Anaerobic degradation of pollutants is a complex pro-
cess involving at least three groups of bacteria. Hydrolytic
and fermentative bacteria convert complex pollutants into
simple fatty acids, which are then further converted by
acetogenic bacteria into acetate and hydrogen. Finally,
methanogenic bacteria convert acetate and H,/CO, into
methane. In the past decade, anaerobic technology has
been broadly applied to the treatment of many high-
strength wastewaters, to a very large extent, due to the
successful development of UASB (upflow anaerobic sludge
blanket) process. In a UASB reactor, bacteria aggregate
into forming biogranules which have high bioactivity and
superb settleability''!. Recent studies have shown that
UASB biogranules exhibit different microstructures, de-
pending upon the chemical nature of the substrate in
wastewater and the degradation kinetics® .

Although the granulation mechanism of anaerohic
bacteria has not been yet fully understood, it has been
speculated that the extracellular polymers ( ECP) could
likely play an important role!*’. ECP are metabolic prod-
ucts of bacteria which accumulate on the cell surface!® .
They protect cells from the harsh extemal environment,
and provide cells with energy and carbon when there is a
food shortage. It has been reported by many researchers
that ECP is related to the flocculation of bacterial cells in
aerobic wastewater treatment system[s 1,

{2J] UASB biogranules treating
brewery wastewater were found to have a layered mi-

In a recent study

crostructure with different bacterial population in each lay-
er. Hydrolytic/fermentative bacteria formed a dense outer
layer, whereas syntrophic colonies proliferated in the mid-
layer and acetotrophic methanogens were predo-minant in
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the interior core. On the other hand, biogranules treating
acetate exhibited a simple, uniform microstructure pre-
dominantly populated by Methanothrix!®. It is thus of
great interest to analyse the ECP content in these two
types of biogranule, and to determine the correlation, if
any, between the ECP and the biogranules bacterial dis-
tribution .

1 Materials and methods

Biogranules treating brewery wastewater were ob-
tained from a full-sized UASB reactor. Biogranules from
the same reactor had previously been analysed for mi-
crostructure and bacterial distnoution!?’ . Acetate-degrad-
ing biogranules were, on the other hand, obtained from a
2.8 L UASB laboratory reactor'”’ treating wastewater con-
taining 2800 mg/L of acetate over a nine-month period.
Individual biogranules were hand-picked for this study, so
that all biogranules were near spherical with sizes ranging
1.9~2.1 mm and a mean of 2.0 mm. The total numbers
of biogranules picked for this study were 140 for the brew-
ery biogranules, and 100 for the acetate-degrading bi-
ogranules

The two types of biogranules were put in separate
157 mL glass vials, each of which contained S0 ml of
0.05% of sodium chloride solution. The solution in each
vial was then mixed using a Teflon-coated magnetic bar at
500 1/min. The average size of the biogranules was grad-
ually reduced over time due to surface attrition and disso-
lution; some of the granules were even disintegrated as
the mixing proceeded. After a certain time interval, the
solution was decanted. The average size of the biogranules
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was measured and the number of biogranules was count-
ed. The decanted solution was then measured for its VSS
(volatile suspended solids) and ECP contcits. Subse-
quently, the biogranules were put back to the glass vial,
which was again filled with 50-mL of fresh sodium chlo-
ride solution, and the attrition/dissolution process was re-
peated. The process was repeated until all the biogranules
became totally disintegrated at the end.

The VSS content in the decanted solution was mea-
sured according to the Standard Methods. ECP was ex-
tracted in a formaldehyde solution at 80 €8 followed by
30 minutes of high-speed centrifugation (15 000 G/min at
25 000 G; model Jouan-KR22i). The carbohydrate con-
tent of the ECP(ECP,) in the extracted solution was mea-
sured by the phenol/suiphuric-acid method, and the pro-
tein content (ECP,) by the folin method. The sum of
ECP, and ECP, was the total ECP.

2 Results and discussion

Acetate-degrading biogranules appeared to have little
resistance to the surface attrition/dissolution caused by
the stirring action. Within 20 hours, all the 100 biogran-
ules in the glass vial were totally disintegrated. Because it
happened unexpectedly in such a short period, there was
no solution sample collected for analysis during the inter-
mediate. Analysis of the final solution showed that each
mg of acetate-degrading biogranules (as measured by
VSS) contained an average of 0.09 mg of ECP.

On the other hand, brewery biogranules exhibited
much stronger resistance toward attrition/dissolution. On-
ly two out of the 140 biogranules were disintegrated in the
first 23 hours. After 47 hours, two additional biogranules
were further disintegrated. Eventually, all the biogranules
were totally disintegrated after 110 hours. Fig. 1 illus-
trates that the average size of the remained biogranules
was reduced over time due to attrition/dissolution. The
average radius was reduced linearly from the initial 1.00
mm to 0.78 mm after 84 hours. But all biogranules were
disintegrated within the following 26 hours.

At the end of a given time interval, the ECP and
VSS in the decanted solution represented those of the bac-
terial cells on the biogranule surface being removed by at-
trition/ dissolution during that time interval. Table 1
shows that the ECP/VSS ratio increased from 0.16 ~0.17
mg — ECP/mg — VSS near the surface (r =0.87 ~1.00
mm) to 0.27 ~ 0.23 mg - ECP/mg - VSS in the middle
layer (r =0.78 ~0.87 mm). But, in the interior core
(r<0.78 mm), the ratio was only 0.11 mg - ECP/mg
- VSS. The variation of ECP/VSS ratio seemed to agree
well the microscopic observations of a layered microstruc-

ture for the brewery biogranules. Based on results of this
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Fig.1 Size reduction of brewery biogranules
due to attrition and dissolution

study, hydrolytic/fermentative bacteria in the outer layer
appeared to have lesser amount of ECP than the syntroph-
ic bacteria which were found populated in the mid-layer.
Whereas, acetotrophic methanogen, Methanothrix , which
were the predominant species in the granule interior had
the least amount of ECP. The low ECP content in
Methanothrix was likely the reason for the rapid disinte-
gration of the acetate-degrading biogranules within 20
hours, and for the rapid disintegration of brewery biogran-
ules after 84 hours when most of the hydrolytic/fermenta-
tive and syntrophic bacteria in the outer layers had been
removed from the biogrannles. These results indicate that
ECP is responsible to the integrity of the biogranules and
thus may play an important role to the granule formation.

Tab.1 ECP content in each mg of VSS from
bacteria at various radius of the biogranules

r/mm ECP/mg
1.00~0.91 0.16
0.91~ 0.87 0.17
0.87~0.85 0.27
0.85~0.78 0.23

<0.78 0.11
overall average 0.15

4 Conclusions

Biogranules treating brewery wastewater were signifi-
cantly stronger in resistance to attrition and dissolution
than the acetate-degrading biogranules. This was likely
due to the higher ECP content in the former. Hydrolytic/
fermentative bacteria near the surface of the former gran-
ules contained 0. 16 ~ 0. 17 mg of ECP for each mg of
VSS; the ratio was increased to 0.27 ~ 0.23 mg — ECP/
mg — VSS for the mid-layer populated with syntrophic
bacteria. However, the ratio for bacteria in the interior of
the brewery biogranules, mostly Methanothriz , contained
only 0. 11 mg(ECP)/mg(VSS). Acetate-degrading bi-
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ogranules were also mainly composed of Methanothrix ,
and had a similarly low ECP/VSS ratio of 0.09. These
results indicate that ECP is responsible to the integrity of

the biogranules and thus may play an important role to the

granule formation.
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