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Lo, K.V., Chiu, C. and Liao, P.H. 1991. Anaerobic treatment of
molasseswastewater II. Sludge and substrate profiles. Can. Agric.
Eng. 33:303-307. Molasses wastewater was treated anaerobically
using anupflow anaerobic sludge blanket reactor (UASB) and ahybrid
UASB reactor. Profiles for the sludge, chemical oxygendemand and
volatile fatty acids were determined. The results indicated that the
optimum sludge loading rate was much lower for this type ofwastewa
ter. The installation of ropes in the mid-section of the hybrid reactor
did not interfere with the flow pattern. The sludge blanket was a
perfectly mixed region with respect to the liquid phase.Volatile fatty
acids were degraded inthe sludge blanket region of the hybrid UASB
reactor, while they remained high in theconventional UASB reactor.
Inthis way, the stability of the hybrid reactor was greater, and it was
more tolerant tohigher organic loading rates than was the conventional
UASB reactor.

Des eaux usees de melasse ont ete traitees a Faide d'un reacteur a
lit de boue granulaire anaerobie (LBGA) et d'un reacteur a LBGA
hybride. On adetermine les profils de laboue, de lademande chimique
d'oxygene (DCO) et des acides gras volatils. Les resultats indiquent
que letaux optimal decharge deboue etait debeaucoup inferieur pour
cetype d'eaux usees. L'installation decordes a lapartie mediane du
reacteur hybride n'a pas eu d'effet sur la configuration de
recoupment. Le lit de bouepresentait un melange parfait quant a la
phase liquide. Les acides gras volatils etaient degrades dans lelitde
boue du reacteur hybride, alors qu'ils demeuraient eleves dans le
reacteur classique. La stabilite du reacteur hybride etait done
superieure, et celui-ci acceptait mieux que le reacteur classique des
chargesorganiques elevees.

INTRODUCTION

The upflow anaerobic sludge blanket reactor (UASB) is fre
quently used asa high ratewastewater treatment process. Ithas
been used primarily for treating medium and low strength
wastes (Lettinga et al. 1983). The UASB process is critically
dependent on the development of a sludge which settles
readily. Settleability is the result of the interaction of the
operating conditions, theactivity of theanaerobic bacteria, the
fluid pattern, and the sludge distribution in the reactor (Buijs
etal. 1982).

Lo et al. (1991)describe the anaerobic treatmentof molas
ses wastewater using an UASB (Reactor A) and a hybrid
reactor(ReactorB). The hybridreactor was a UASBequipped
witha matrixof 19parallel ropes in the mid-section to increase
the surface area for bacterial attachment. Start-up and steady-
stateperformance were discussed previously. This paper will
examine the relationship between operating conditions and
sludge distribution in the two reactors.
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MATERIALS AND METHODS

Reactor design and operation

Both reactors, the UASB and the hybrid, had a working vol
ume of 16 litres. Reactor configuration and system layout were
described previously (Lo et al. 1991). Eleven sampling ports
were installed along the length of each reactor at intervals of
12.5 cm starting from a height of 4 cm above the reactor
bottom.The highest sampling port (170 cm) was above the
three-phase separator. For each set, samples were taken from
the highest sampling port to the lowest port. The amount of
sludge was monitored by measuring the VSS profile against
the height of the reactor and the VSS concentration in the
effluent.

Throughout the experiment, thereactors were maintained at
a hydraulic retention time (HRT) of 7 days. The influent
concentrations were increased step-wise from 8.0 to 18.6,
20.9,33.1,40.6,43.6,45.3, 52.1, and57.8g COD L\

Analysis
Total suspended solids (TSS), and volatile suspended solids
(VSS) were determined according to the standard methods
(APHA 1985). Both total and soluble COD were measured by
the colorimetric method (Knechtel 1978).

RESULTS AND DISCUSSION

Sludge distribution

Sludge concentration, measured as VSS, was determined
along the height of the reactor. The sludge distribution, ob
served at different influent concentrations for both reactors, is
shown in Fig. 1. Two sludge distribution regions, sludge bed
andsludge blanket, were observed in thereactors. Thesludge
bed constitutes the dense sludge concentration found in the
bottom of the reactor. The thinner sludge on top of the sludge
bed constitutes the sludge blanket. The highest sludge bed
concentration was observed at the first sampling port, while
the concentration of the bed decreased along the height of the
reactor. The sludgeblanket was a perfectly mixedregion; as
shown inFig.1, VSS concentration wasalmost constant ateach
influent in this region.

Up to a certain level, the sludge concentration in both the
bed and blanket regions increased as influent concentrations
increased, and then it decreased. As the organic loading in
creased, more sludge accumulated and biogas production
increased. A higher sludge concentration was observed in the
blanket region as a result. When organic loading became too
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high, the sludge lost vigourand settleability deteriorated. The
sludgewas then either suspended from the top of the reactor or
else floated out of the reactor. For Reactor A, sludge loss
occurred at the influent concentration of 43.6 g COD L" ,
while Reactor B lost sludge at a much higher influent concen
tration (52.1 g COD L'1). The corresponding organic loading
rates were 5.8 and 8.5 g COD L_1«d for Reactors Aand B,
respectively. At the corresponding organic loading rates, the
maximum methane production rates of 0.91 and 1.12 L CH4
L" «d" were obtained for Reactors A and B, respectively.
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Fig. 1. Sludge distribution

The profile of total sludge in the reactor is presented in
Table I.Atthe beginning, each reactor was seeded with 58.3 g
VSS. There was a steady sludge increase inboth reactors upto
day 159 (organic loadings of4.8 and 5.9 g COD L^-d'1 for
Reactors A and B, respectively). The total sludge concentra
tion of Reactor B was higher than that of Reactor A up until
day 231. Thetotal sludge concentration inthereactor reported
in this study contained the suspended-growth sludge only.
The bacteria attached onto the ropes in Reactor B were not
included. Reactor B therefore had a better methane production
ratethanReactor A, eventhough the totalsludge in Reactor B
was less than Reactor A at day 231.

The sludge loading (or food-to-sludge ratio) is also pre
sented inTable I. Ithasbeen reported thata sludge loading rate
ofaround 0.6 gCOD g'1 VSS d"1 is optimum for sludge growth

^v

P

Table I. Sludge loading

Sampling Date Sludge Sludge Loading

day gVSS gCODgWsS d1

A B A B

1 58.3 58.3

66 86.6 78.3 0.49 0.57

116 215.0 228.1 0.32 0.35

159 312.6 379.5 0.25 0.25

208 227.3 299.3 0.66 0.44

231 293.3 270.3 0.34 0.40

(Wu 1985). A study of the UASB treatment of cheese whey
reported similar results (Yan et al. 1990). At thissludge load
ing rate, theUASB shortened the start-up periodand ensured
reactor stability at various organic loading rates. However,
based on the methane yield and related data from this study,
the optimum sludge loading for molasses wastewater was
around 0.3 gCOD g1 VSS d .It thus appears that an optimum
sludge loading rate for this kind ofundissolved and complex
wastewater would be much lower than for soluble
wastewaters. This means that the sludge loading rate sug
gested bythe above-mentioned studies isonly valid forsoluble
wastewaters.

The COD profile

The total COD profile is shown in Fig. 2. The profile curve
rose as the COD concentration of the influent increased. As
influent CODincreased, the residual COD concentration also
increased and the profile shifted upwards. As the sludge and
wastewater were included in the measurement of the total
COD concentration, the total COD concentration was higher
than the influent COD. However, all soluble COD profiles
were essentially constant except for the sample for day 208
(Fig. 3).On this day, the total sludge in Reactor A was at its
lowest point, while Reactor B was in washout. The results
reveal thatthecoarse suspended solids present in thewastewa
ter were entrapped in the reactors and that most of the COD
breakdown occurred in the sludge bed. As these solidsaccu
mulated in the sludge bed after a period of high organic
loading, themethanogenic activity of the system deteriorated.
This resulted indecreased COD removal efficiency and sludge
washout. The removal of the insoluble solids from the molas
ses wastewater prior to the UASB treatment is therefore
advisable.

The VFA profile

Figures 4 and 5 depict the VFA profiles for the two reactors.
Even though Reactor B had lower VFA concentrations than
didReactor A, thefirst threecurves(thoseat days66,116 and
159) were similar due to the low influent concentrations. Both
reactors experienced minimal stress. As the influent concen
trations increased, the VFA concentration in both reactors
increased. However, the VFA levels for Reactor B were about
half the concentrations of Reactor A. Moreover, the VFA
profile was completely different. ForReactor A,all four major
VFA concentrations remained at the same levels along the
height of the reactor. Acidification and methanation were
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Fig. 2. Total COD profile.

essentially completedin the bottom of the reactor. In Reactor
B, unlike Reactor A, the VFA profiles were similar to the
sludge profile.The VFAconcentration was high in the bottom
of the sludge bed, then it decreased; the VFA concentration
remained steady in the region of the sludge blanket. The
degradation of VFA by the additional biomass attached onto
the ropes in the region of the sludge blanket increased the
reactorstability.Asa result, the hybridreactor could withstand
the higherorganic loading rate and increasedbiogas produc
tion. The effect on performance of the additional bacteria
attached onto the ropes was more pronounced at the higher
organic loading rates.To takeadvantageof thisreactordesign,
it is therefore desirable to use a high organic loading rate. As
mentioned before, the hybrid reactor has the characteristics
and advantages of both suspended-growth and attached-
growth reactor systems (Lo et al. 1991).

It should be pointed out that given the sludge, COD and
VFA profiles, the rope matrix in the mid section of the reactor
did not seem to interfere with the flow pattern. The sludge
blanket was a perfectly mixed region with respect to the liquid
phase.

CONCLUSIONS

The sludge loading rate of molasses wastewater was much
lower than for soluble wastewaters. The optimum rate for
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Fig. 3. Soluble COD profile.

molasses was around 0.3 gCOD g"1 VSS d"1 as compared to
the soluble wastewater rate of 0.6 g COD g" VSS d" .

Theropematrix in the mid section of the hybridreactor did
not interfere with the flow pattern. The region of the sludge
blanketwasa perfectlymixedregionwithrespect to theliquid
phase.

The addition of ropes in the UASB changed the COD and
VFA profiles.

VFAweredegraded in the region of the sludgeblanket.This
enhancedreactor stability and sustained high organic loadings.
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Fig. 5. Butyric and iso-butyric acids profiles.
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