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INTRODUCTION

High energy consumption in conventional aerobic processes and 1low treatment
effeciency in anaerobic processes, has highlighted the necessity of developing a
process with low energy consumption without sacrificing the effluent quality.
Microaerophilic upflow sludge bed reactor (MUSB) is a process in which
wastewater is aerated for a short detention time in aeration vessel (AV) and
then is allowed to flow in upflow fashion in biological vessel (BV). Limited
Oxygen conditions in upflow vessel result in the development of sulfur
microorganisms. Sulfate reducing and sulfide oxidising microorganisms act in a
symbiotic way to degrade organic substances and result in highly settelable
sludge. However organic substrate removal in MUSB is sensetive to hydraulic,
microbiological and other operating conditions. This research paper investigates
the effect of mixing on organic substrate removal in MUSB reactor.

MATERTAL AND METHODS Motor

The experimental study was carried out on two nfivent LT:EZ%ﬂEq

MUSB reactors, each having two columns; AV and Ty Oit Seall Flange _
BV as shown in Fig 1. In one reactor mixer with P GF {jﬁ

speed varying from 0.5-2.0 rpm has been Coection i L Ettuent 47
installed in BV. The other reactor was operated e Portly o - T
without any mixer. The total volume of each r p

reactor was 60L. Sludge from anaerobic digester

was used as a seed sludge. About 5-10 % of Loo 25
total volume of BV was fed with the digested - R T
sludge having MLVSS as 8750 mg/l. Synthetic AV — L 200
wastewater with Lactic acid as an organic ~ lo | s
substance was used. Table 1 shows composition ] 25
of concentrated synthetic wastewater. Influent BV ™o Tw
concent-ration was maintained between 50-80 ® \*\\\\\\N‘Wr‘ .
mg/l by diluting with tapwater. In this study _ij\;sﬁﬁ\\\']—- T 1
only one stage MUSB was operated with total “J'T;; Fiee \—/ Ts 1
detention time of about 35 minutes, however in Alr Diftuser Fe
actual practice number of stages are to be S
Table 1 Composition of synthetic wastewater. Note  All dimensions are in cm
Substance Concentration ©  Sampling points
Lactic acid 10.0 g/1 Fig1 Microasrophilic Upflow Sludge Bed Reactor (MUSB)
NH4S04 8.0 g/l
KoHPO4 1.0 g/l
NaHCOg 10.0 g/1 s MLVSS (mg/I}(Thousands)
MgS0, 1.0 g/l —
}(égglz zllg g‘ﬁ | = with mixer [
Yeast extract 1:0 g/l 4 m

Table 2 Operating conditions maintained in MUSB reactor

_______________ ——- _— . J
Flow rate = 100 1/hr 2 /
Upflow velocity in BV

(Blanket part) 9.4 cm/min ;

(Solid liquid separation part) 4.4 cm/min 1
Upflow velocity in AV 33.0 cm/min r
Detention time in BV

wowon

(Blanket part) = 21.0 min J ; - . : . ! '

(Solid 1iquid separation part) = 9.0 min 10 30 so 70 20 M0 130 150 170 180
Detention time in AV = 7.0 min Distance from bottom (cm)
Mixing speed = 1.5 rpm Fig 2 Biomass profile in a MUSB reactor
Temperature = 250¢ with and without mixer
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connected in series, depending on the type and  ryyate cob (mg
strength of wastewater. Table 2 shows the ope- '2°
rating conditions maintained in the reactor. — int. COD
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RESULTS AND DISCUSSION 80

Initially in both MUSB reactors, granules of o
about 8-10 mm size, having inner dense ? A
anaerobic nuclei surrounded by fragile floc, ‘°3Rhgxw

were formed. Grenules disappeared in MUSB

without mixer very soon, however ganules
could be maintained for about two weeks in o - . : : . L :
MUSB with mixer. Although granules were °© © 20 % Da;: so & 70
disappeared but still sludge was found to be Fig 3 COD removat in MUSE reactor with
very dense with high settelability. And SS in mixer )
effluent was as low as 8-10 mg/l for both 120H"mw000mmm
the reactors. In MUSB with mixer, Dbiomass 1 00D
concentration was uniformly distributed 1oof{ = ey rut coo
through out the depth. Larger variation along
the depth was observed in a reactor without
mixer. Fig 2 compares the biomass concentrat-
on observed in MUSB with and without mixer.
Larger proportion of biomass was attached on
the walls of BV and hence 1less biomass
concentration was observed in case of a
reactor without mixer.
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Fig 3 and Fig 4 show the COD removal achieved Days
in MUSB reactor with and without mizxer Fig 4 COD removal in a MUSB reactor

without mixer

respectively. In MUSB with mixer about 50 %
of COD removal effeclency was achieved at  Sulfate (mg/)
influent concentration of 50-80 mg/l at . !
detention time of 35 min. However reactor T without mixer S~ with mbxer |
without mixer showed unstable performance in
terms of COD removal. As sulfur metabolism is ,4}
considered to be the main metabolism

responsible for COD removal, sulfate reducing seol
activity was examined in both the reactors
under batch conditions. Fig 5 shows no

50
sulfate reducing activity in MUSB without
mixer, as most of the sulfate reducing 4o - . . : . s
activity was taking place in the dense ° ! 2 ; 4 § 8 7
biomass attached to the walls of BV. ime (hrs)
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Fig § Sulfate reducing activity

obtained in batch experiment for MUSB
Fig 6 compares the COD removal effeciency in reactor with and without mixer
both the reactors. In case of MUSB with mixer _ rut cop removai etteciency (%)
about 50 % of COD removal effeciency was ™°
achieved, however reactor without mixer eor | = withmixer — without mixer
showed large variation in COD removal "
effeciency ranging from 10-40 %. The main
reason of poor performance was short
circuiting of wastewater. Possibility of
short circuiting was further confirmed by DO
data. DO in case of BV of MUSB with mixer was
found to be 0 mg/l but DO in BV of MUSB
without mixer was still about 3-4 mg/l. Hence

in MUSB reactor where, dense sludge is o 10 20 30 40 50 80 70
produced, mixer is necessary to distribute oo Days

. Fig ompari f COD i
the sludge uniformly and to provide etteciancy for reactor with and without
sufficient contact between biomass and mixer
substrate.
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