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ABSTRACT

This study concerns an assessment of a SBR operation that associates anaerobic aggregated biomass with a
pulsed action during the reaction phase, a system named Pulsed Sequencing Batch Reactor (P-SBR). The
system uses a diaphragm pump as a pulsator unit to increase the liquid-solid contact, in order to avoid dead
zones and possible external mass transfer resistance. A preliminary study of the operation of the reactor was
performed with a low strength synthetic wastewater with a COD near 1000 mg.l"' and a sub-optimal
temperature of 22°C. A removal efficiency of 60-70% was attained after 5 and 6 hours of reaction time. The
respective organic loads were 5 - 6 kg COD.m‘a.day", thus supporting the feasibility of the P-SBR system for
wastewater treatment in such conditions. The results also indicate that a ratio of 1.8%o between the swept
volume delivered by the pump and the reactor volume was adequate to promote a flow turbulence in the
sludge blanket and that a redox potential of near -400 mV was readily created by anaerobic bacteria after the
reactor filling step. Copyright © 1996 IAWQ. Published by Elsevier Science Ltd
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INTRODUCTION

The anaerobic technology should always be part of the list of process options for an industrial wastewater
treatment because, when proficient, it saves energy and minimises sludge disposal costs.An anaerobic reactor
that accounts for a significant number of full-scale systems is the Upflow Anaerobic Sludge Blanket reactor
(Lettinga and Hulshoff Pol, 1992). Its operation mode induces the development of a biological self-
aggregation process without addition of support material. The resulting biofilm structure is usually
denominated “granules” and is considered to be the main factor for their high biomass concentration and
activity. The anaerobic treatment of industrial effluents with COD levels above 1500-2000 mg.l'l is well
accepted (Pfeiffer er al., 1986). However, wastewaters from municipalities and several industries have a
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lower organic concentration, some are discharged at ambient temperatures and in fact just a few full-scale
anaerobic reactors have been used for the treatment of such wastewaters, (Draiier et al., 1992, Schellinkhout
and Collazos, 1992). Sequencing Batch Reactors (SBR) have been developed in aerobic systems (Irvine et al.,
1977). Sung and Dague (1992) expanded the potential of the SBR technology by presenting an anaerobic
system with gas recirculation for mixing during the reaction phase. The anaerobic SBR approach seems to be
suitable for the on-site treatment of medium-high strength effluents. However, in low strength wastewaters
there is a potential problem due to the fact that the available gas production will be rather low, especially at
ambient temperatures. A weak gas production will result in an insufficient turbulence in the reactor, thus
increasing the possibilities of stagnant zones and/or external mass transfer resistance. Stadlbauer er al. (1992)
indicated that a high-pulsed system incorporated in an anaerobic filter and in a horizontal baffled filter could
favour degassing from carriers and circumvented clogging and channelling in the reactors.

Therefore, the present study is concerned with the initial assessment of a SBR operation protocol that
combines anaerobic granules with a pulsed action during the reaction stage, in a system named Pulsed
Sequencing Batch Reactor (P-SBR). The pulsed flow is generated by a diaphragm reciprocating pump that
recycles the effluent being treated. The objective of the present experiment was to perform a preliminary
feasibility study of the operation of the system to treat an effluent with a COD near 1000 mg.I"', which may
be considered by the anaerobic literature as a low strength wastewater, at a working temperature of 22°C. A
first appraisal of the solid-liquid contact and mixing conditions in the reactor was also performed.
Furthermore, because of the singular operation characteristics of the SBR, where a fraction of the reactor
volume is frequently renewed, it was decided to assess if this effect could promote the development of an
oxidation status inadequate for methanogenic bacteria.

MATERIALS AND METHODS

A diagram of the bench scale P-SBR system is depicted in Figure 1.
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Fig 1. Diagram of the experimental apparatus.

The reactor was made of acrylic glass, with a working volume of 1200 ml and an internal diameter of 52 mm.
The pulse unit was a diaphragm pump, a type of pump belonging to the family of reciprocating volumetric
pumps. Electrical or air powered diaphragm pumps generate volume and a pulsed flow practically
independent of the discharge pressure. The fact that these pumps are amenable to flows with suspended solids
and potentially corrosive environmental conditions (e.g. in sulphate wastewaters) is another favourable
characteristic. The pump operates during the batch reaction time, recirculating the effluent from an intake
below the liquid surface and injecting it upwards from the bottom of the reactor. In the present experiment
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an Astral electro-pump was used at a swept volume of 2 ml and 20 strokes per minute (spm) with an average
flow rate of 2.4 Lh™'.

The reactor was equipped with an electromechanical On/Off threshold control to execute the closed-loop
operation. Two Watson Marlow-101 peristaltic pumps performed the substrate feeding and drainage
functions. Both pumps were plugged to a liquid level relay, Megal 21 RN and a reference probe. At the
reaction phase the reciprocating pump operated timed by a relay Mega 25 RT. Settling time was set by a relay
Mega 14 RT. Temperature control at 22°C was provided by a water jacket and a Lauda T thermorecirculation
pump.

The biomass inoculum was composed of anaerobic aggregates with 35.1 kgVS.m™ previously formed in a
UASB reactor fed with a low strength wastewater. Scanning electron microscopy pictures show filamentous-
like bacteria that resemble acetotrophic Methanotrix spp. The substrate was prepared to have a COD near
1000 mg.1", being 10% glucose and 90% a mixture of acetic, propionic and butyric acids,in a proportion of
2:1:1. This substrate was supplemented with a solution containing macro and micronutrients, at a ratio of 2
ml and 0.03 ml per litre of substrate. The macronutrients solution, of substrate, was as follows, in mg.ml'l:
NH/Cl: 174, KH,PO,: 28.3, (NH,) ,SO,: 28.3, MgCl,: 25, KCI: 45, yeast extract: 3. The micronutrients
solution, in mg.ml™: FeCl,.6H,O: 2, H;BO;: 0.05, ZnCl,: 0.05, CuCl,.2H,0: 0.038, MnCl,.4H,0: 0.5,

* (NHy)gM070,.4H,0: 0.05, AICl;: 0.09, CoCl,.6H,0: 2, NiCl,.6H,0: 0.092, Na,Se0,.5H,0: 0.164, EDTA:
1. The substrate was previously neutralised with NaOH until a pH near 7.

The Chemical Oxygen Demand (COD) and volatile solids (VS) concentration were determined according to
Standard Methods, 1985. Oxidation-reduction potential (ORP) was measured in situ with an Ingold combined
electrode - platinium ring connected to a WTW meter, pH 95. The mixing intensity was assessed by a tracer
test. A lithium chloride solution (2.5 ml of 20 g.I"') was injected in the effluent recirculation line, just near the
bottom of the reactor and the liquid conductance (C) was measured with a WTW conductivity meter until
equilibrium tracer concentration (Cg) was attained. The conductivity probe was positioned near the surface, at
the recirculation intake. At the time of the experiment, it was just possible to perform one tracer test with the
empty reactor.

A typical experimental loop routine of the reactor operation is depicted in the following scheme, indicating
phase name and cycle duration:

| Settle | Draw

| 6 or 5 hours | 10 minutes

The reaction step lasts 6 hours during the first week and 5 hours during the remaining experimental time.

RESULTS AND DISCUSSION

Each liquid stroke delivered by the reciprocating pump had an obvious turbulent effect in the biomass bed of
the reactor. The whole sludge bed was observed to mix well under the induced pressure flow and the liquid-
solid contact seemed to be satisfactory, also minimising possible liquid film mass transfer resistance. This
observation may be normalised considering the ratio of the swept and reactor volumes, which was 1.8%o.
Figure 2 shows the normalised liquid conductivity measurements as a function of the time after the injection
of the tracer in the P-SBR.
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Fig. 2. Plot of experimental C/Cg values versus time.

The tracer curve in Figure 2 clearly suggests an intermediate mixing flow pattern in the reactor, as the
nominal liquid circulation time was 30 minutes. At this time, a mixing intensity of 90% was attained. This
means that the time to reach the equilibrium tracer concentration was just slightly higher than the liquid
circulation time. Therefore, the possibility of a significant presence of stagnant zones, with rather slow mass
transfer between flowing and non-flowing zones, seems to be narrow. Possibly, the pump flow rate could be
set at a lower level without any significant reduction of the removal efficiency. This possibility is attractive
since energy consumption of diaphragm pumps are proportional to the stroke rate.

The Figure 3 displays the continuous ORP values measured during the reaction phase. The pH during this
experiment was 7.5 and the temperature was 22°C.
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Fig. 3. Time evolution of ORP profile during initial period of reaction phase.

The ORP is a measure of electron activity during oxidation-reduction reactions. Undoubtedly, the progress
curve in Figure 3 demonstrates a reduction of electron acceptors in the media. The curve indicates that soon
after the beginning of the reaction an anaerobic environment is reached. In the conditions of the experiment, a
reduced system near -400 mV was attained in half an hour. Several steady-state ORP values are reported in
the case of methanogenic reactors by Harper and Pohland (1986), but all are also below -370 mV. Oxygen
was easily scavenged from the system, eventually with a contribution of facultative bacteria. Therefore, it can
be concluded that no oxygen inhibition occurred as a result of the fed-batch fill and draw operation, in spite
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of the fact that the top of the reactor was always uncovered. Kato et al. (1994), found a high oxygen tolerance
in granular sludges. Furthermore, an operating mode allowing the existence of facultative and anaerobic
cultures may have some potential for combined processes for removal of organic matter and nutrients, even
allowing the possibility of air supply if necessary, as suggested by Kato et al. (1994). The prospects that SBR
technique offers for such systems are fair. In order to complement the rather few stability indicators available
for on-line anaerobic reactors control (Weiland and Rozzi, 1992), the potential of ORP measurements merit
further research in anaerobic SBR.

Influent and effluent COD measurements during the time course of the experiment with the P-SBR are
presented in Figure 4. COD values were measured in the feed reservoir and after the reaction step.
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Fig. 4. COD values at influent and effluent during experimental time.

The results presented in Figure 4 show an overall COD removal efficiency between 60-70%. As could be
expected, the removal efficiency was slightly higher at a reaction time of 6 hours (first week) than when it
was changed to 5 hours. The applied organic load varied between 4 - 5 kg COD.m'3.day", within the: limits
of the recommended value for soluble substrates at 20°C by Lettinga and Hulshoff Pol (1992). The average
activity was 0.5 kg COD,.m>day, a value in the low range of the reported data for methanogenic activity in
high rate reactors (Field ez al., 1988). This rate can be the result of the sub-optimal working temperature,
22°C, lower than the optimum for methanogenesis, 35°C. Temperature factor is indeed important for
anaerobic processes determining the advocated organic loads. The assurance of a minimum temperature of
15°C is advisable (Vieira and Garcia Jr, 1992). A rate inhibition induced by a possible high initial VFA
concentration is not very likely, due to the minimum working pH 7. Substrate toxicity is related to the non-
unionised forms and a major fraction of VFA is dissociated at the actual pH in the reactor (Andrews, 1968).

Finally, regarding the settling phase, it should be noted that 10 minutes was largely in excess for the
sedimentation of biomass in the bench-scale reactor, due to the high terminal velocity of the aggregates.
However, such settling time could be the safe factor for full-scale granular reactors and yet representing a
time gain in the equalisation and overall operation time requirements. A careful control should be made in
order to avoid the discharge of solids with low settling velocities, which would decrease effluent quality.
Conversely, if the purpose is to select aggregate forming bacteria, the settling time should be adjusted to
wash-out dispersed biomass, like in a typical granulation process (Lettinga and Hulshoff Pol, 1992).

CONCLUSIONS

- From the results obtained in the present research, it can be concluded that the Pulsed - Sequencing Batch
Reactor (P-SBR) is a feasible system for the treatment of a low strength soluble wastewater with a COD of
approximately 1000 mg.l™, at a sub-optimal temperature, 22°C. Using anaerobic biomass aggregates, an
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overall COD removal rounding 60-70% was attained at organic loads of 4 - 5 kg COD.m™.day"'. A pressure
pulse induced by a diaphragm pump was a convenient technique to generate an adequate liquid-solid contact,
in order to overcome the low gas production or the absence of any other mixing mechanism. A swept/reactor
volume ratio of 1.8 %o and a stroke rate of 20 spm seemed to be sufficient for the proposed objectives,
minimising possible stagnant zones in the reactor or liquid film mass transfer resistance.
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