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ABSTRACT
A laboratory scale membrane bioreactor (MBR) fed on real septic tankeffluent was studied at different levels of
alkalinity (0, 250 and 500 mgNaHCO,lLaddition) and sludgeretentiontime (SRT, complete sludgeretention, 10

and 20 days). A long-term operation of 267 days was divided into 5 stages to examine the SRT and alkalinity
influences on parameters related to nitrification, chemicaloxygendemand (COD) removal,extracellularpolymeric
substances (EPS) production and membrane cleaning.The resultsof the studyshowed that the removals ofTCOD,
SCODandNH4+~N varied between 86~940/0, 71-86%, and 70-94%,respectively.Appropriate alkalinitysupplement
and SRTcontrol can enhance the COD removal and nitrification. Irreversible membrane fouling occurredfastand
watercleaningforthe improvement offiltrationcapacitywasineffective.The results alsorevealedthattherejection
of EPS played a major role both in the enhancement of removal efficiency as well as the increase of filtration
resistance during the operation.
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1.0 INTRODUCTION

On-site sewerage treatments, such as septic tank
(ST) - soil absorption syslems (SAS) , are used
in non-sewered areas to treat and disperse
domestic wastewater. Forexample, more than 68
percent of Taiwan's population relies on on-site
ST systems. However, detailed studies conducted
in urban area of Taiwan indicated Ihat the septic
tank s employed did not conform to th e required
efflue nt sta ndard, 1l10s11y cause d by nitrogen
compounds. The septic tanks just converted the
suspended pollutants into dissolved form and
relea sed th em to the envi ron me nl du e to
inadequ ate design and maintenan ce. Community
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level septic tanks should be encouraged in order
to facilitat e post septic tank hybrid treatment
systems to be installed in the futur e upgrades.

The membran e bioreactor (MBR) has been
receiving a lot of attention in wastewater treat­
ment and water reuse, as membrane filtration
promises a complete solid-liquid sepa rat ion
which can prevent the failure of biological systems
due to biomass loss and/or bulki ng and con­
sequently maintains a high number of mixed
liquor suspended solids (MLSS) in the reactor
[1] . With a large numb er of MLSS, hydrau lic
retention time (HRT) and sludge production are
minimized and nitrification is enhanced.

Nitrification can only be successfully operated
under low che mical oxygen demand (COD),
sufficient dissolved oxygen (DO) and long sludge
retention time (SRT) in bio-treatment system. In
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pr inc iple, membrane bioreact ors have no
theore tical limitation to the operational biomass
concentration, and some researchers reported
that bacterial growth cou ld be minimized by
operating th ese systems under long SRT with
limiting sludge withdrawal which could lead to
the high solid concentrati ons (15-25 g SS L-Il
[2, 3]. The possib ility of operating membrane
bioreactors without sludge withdrawal was also
explored and reported [1, 2, 4-9]. However, some
possib le disadvantages were oft en indicated
under these operating conditi ons, such as oxygen
tr an sfer limitations and increased membrane
cleaning requirement s [3, 4, 9]. Furthermore,
although the linkage of alkalinity and nitrification
has been known for decades on a scientific basis
for municipal sewage treatment , very limited
information is available about the nitrification of
MBR for the polishing of septic tank effluent.

This paper attempts to explore the feasibility
of septic tank effluent polishingusing a laboratory
scale membrane bioreactor. In particular, this
paper focuses on those parameters directly related
to nitrificat ion performance and how they are
influenced by SRT and alkalinity.

2.0 METH ODS

Figure 1 shows the experim ental setup for a flat­
type submerged membrane bioreactor system. A

Kubota flat -sh eet type membrane was used
(chlorinate polyethylene material, 0.4 11m pore
size and 0.124 m2 area) in the system. In con­
tinuous operation the suction pump was stopped
for 1 minu te to allow membrane relaxation after
each 5 minutes of filtration to give an average
flux of 13.5 L m-2h-1 and a hydraulic retention
time (HRT) of 6.5 hours. The flow rate was
examined and adjus ted for every 12 hours to
obtain the desired condition of flux. Air bubbles
provided both aera tion for biological reactions
and reduction of fouling of membranes. In this
study, the DO concentration was maintained in
the range of 3 mg L-1 to 4 mg L-1

A long-term operationof267 days was divided
into 5 stages according to changes in the levels
of alkalinity and SRT, as shown by Table 1. The
wastewater used for thisstudywas collected from
the outlet of a septic tank which was located in
Chia Nan campus. lts composition is shown in
Table2. Having undergonesolid-liquid separation
and anaerobic treatment, it had very low rates of
organ ic matter an d a cons iderably high
concentra tion of nitrogen contributed mainly by
NH4+-N.

The influent wastewaler and permeate were
analyzed for lolal and volatile suspended solids
(TSS and VSS), lotal and soluble COD, TKN,
NH/-N, NOi -N and NO,--N. Ammonia and
TKN were determined by the TKN Analyzer
(KJELTEC 1035 Analyzers). Nitrile and nitrate

Figure 1 Schematic of an experimental MBR unit
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Table 1 Experimental scheme of MBR operation

23

Process condition Stage 1 Stage z Stage 3 Stage 4 Stage 5

SRT, days a a a 10 20
NaHCO, addition, mgl/" b 250 500 500 500
Operation time, days 73 82 34 33 45

a Without sludge withdrawal b Without NaHCOJ addition

Table 2 Characterist ics of septic tank effluent

Parame ters" Mean Minimum Maximum

DO (mgl.") 0.75 9.04 1.77
pH (mgl.") 7.85 7 8.5
Alkalinity (mg CaCO, L-1) 15 12.8 16.5
SS (mgL-1) 190 60 535
TCOD (mgL-1) 326 99 738
SCOD (mgL-1) 106 43 192
TOC (mgt.") 38 11 70
TKN (mgt,") 131 50 254
NH/-N (mgl,") 118 42 198
NOz--N (mgl.") 0.03 Not detected 0.5
N0 3--N (mgL-1) 1.0 Not detected 4.9
EPS, protein (mgl," VSS-1) 150 59 473
EPS, polysaccharide (mgL-1 VSS-1) 101 44 362

were determined using an ion-chromatography
system (DX-120 , Dionex Inc.) . Extrac tion of
ex t racellu la r polym eri c substa nces (EPS)
includi ng prote in and polysacch arid e were
extrac ted u sin g th e pro cedures rep orted by
Liu and Fang [10]. The extractant used in this
study was EDTA (2%; at 4' C for 3 h). Poly­
saccharide was determined according to Dub ois
et al. [11] . Glucose was used as a standard for
calibration and samples were measured at 490
nm in t ri pli cat e . Protein was d et ermined
according to the meth od described by Froelund
et al. [12]. Calibration was done with BSA and
sa mples measured at 750 nm iri duplicate.
Dissolved oxygen was determined using a \\ITW
Mult i pll/Oxi 340i Dissolved Oxygen Met er.
Bioacti viti es, ex presse d in terms of speci fic
oxygen uptake rates (SOUR), were calculated
from oxygen uptak e ra te s (OUR) using th e
Winkler bo ttle method.

LIiiiiiO--...-.- __ .. __... . _

3.0 RESULTS AND DISCUSSIONS

The variation of COD with the operation period
is presented in Figure 2. As shown in Figure 2,
du ring the initial 11 days of acclimatization
period, the effluent concentration in terms of the
soluble COD (SCOD) gradualiy decreased and
varied between 41- 80 mgl." .The effluent SCOD
remained remarkably stable ali the time and the
concent ra t ions lower t ha n 3D mgl." were
obtained except the initial effluent of stage 2. In
the initial period of stage 2, obviously, the higher
effluent SCOD was observed. In the meanwhile
the influents of TCOD in stage 2 were much
higher than that of other stages. It is noted that
the system was stopped on day 75 due to sludge
washout caused by a broken water level controlier
and restarted on day 79. The seed sludge used
for restart was a mixtur e of the first stage's sludge
(20%, v/v) and the fresh sludge (80%, v/ v)
obtained from the source mentioned as method
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section. Apparently, the effiuent SCaD dropped
back quickly within one week and kept stable
subsequently as shown in Figure 2. This shows
good adaptability and tolerance of the microbes
in th is system to shock loading and disadvan­
tageous circumstan ce. Comparing th e SCa D
concent ration profiles of MBR tank with that of
effluent, it seems that SCaD may be removed by
the filtering of membrane.

The MBR was operated initially with a MLSS
concentration of 2800 mgL- I by seeding the
activate d sludge obtained from a municipal

. wastewater treatment plan t. For complete sludge
retention (CSR) operation (stage 1 to 3), MLSS

' increased to a maximum' of 5700 mgL-1 at the
end of stage I , then restarted from 3300 mgL-1

at s tage 2, and again continuously increased at
stage 3 to th e range of 8600 mgl,"! to 9700
mgt,", changing no more; and MLVSS increased
to a maximum of 4750 mgL-1 at stage I , restarted
from 2950 mgL-1 at stage 2, showing stable values
in the range of 8300 mgL-1 to 9200 mgl." without
any further great change at stage 3. From day 190
to day 222 (stage 4), sludge wastage from the
MBR was carried out to keep a SRT of 10 days.
On e can see th at the biomass reduced rapidly
and kept decreasing at this stage and finally led
to the range of 5300 mgl/" to 6200 mgl," . For
stage 5, the SRT was controlled at 20 days and a
quite stable MLSS range of 4200 mgL-1 to 4960
mgL-1 was obtained. The VSS/TSS ratio of the
biological sludge was always quite high, ranging
between 92 -96 % for all sta ges. The average

specific oxygen uptake rate (SOUR) was 28, 41,
46 and 58 mgOi g VSS h for stages 2 and 3, 4
and 5, respectively. The lowest SOUR value was
found at stage 2, which could be attributed to
the lag phase of the microorganisms.The negative
growth was observed at th e third stage, the
microorganisms in reactor were in endogenesis
respiration for the scarceness of food due to the

, CSR operation .
Theoretically, the heterotrophs were not

expected to be dominant in this system since the
septic tank effiuent was with a characteristic of
low organic carbon concentration as shown in
Table 2. However, low C/N ratios of the influent
and high DO operation indicated accordinglythat
auto trophic nitrifiers would be the dominant
species in this system even though at thedifferent
conditions of SRT. Table 3 shows the influent,
effluent and removal effi ciencies of COD and
nitrogenous compounds. As shown in Table 3,
the influent had such a low rate of carbon to
nitrogen and most of the nitrogen components
turned out to be NH:-N, which might have
resulted from the anoxic treatment in septic tank.
The influent COD and nitrogen concentration
from the campus septic tank was not constant,

~

but fluctu ated widely depending on the wate r ,
~usage of campus. In fact, stage 2 was during the
~beginning of semester and accordingly resulted

in a higher strength influent than that of other
stages. A good performance of TCOD removal -,
was observed from Table 3, the highest removal. ,
efficiency of 96% could be found at stages 3 and
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Table 3 Performances of COD removal and nitrogen conversation

Parameters Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Influent
TCOD (mgl.") 99-620 197-738 28 1-479 189-387 138-365

(260) (483) (269) (266) (293)
SCOD (mgl.") 43-172 58-192 75-172 68-111 78-138

(74) (130) (122) (102) (116)
TN (mgl/") 50-115 137-254 152-204 94-165 76-129

(88) (196) (192) (132) (107)
NH4+-N (mgL-1) 42-113 101-19 5 146-198 85-160 63-110

(72 .5) (156) (165) (123) (93)

Effluent
SCOD (mgl.") 15-44 14-48 15-30 17-28 12-23

(21) (32) (21) (24) (15)
NH: -N (rngl.") 19-39 16-70 6-39 7-28 6-16

(20) (46) (21) (21) (5)
N03--N (rngl,") 39-81 61-135 118-165 71-126 70-121

(53) (93) (139) (103) (95)

Removal
TCOD removal (%) 23-97 81-98 91-96 89-95 90-96

(86) (91) (94) (92) (94)
SCOD removal (%) 43-91 22-88 75-88 68-82 78-90

(71) (75) (82) (77) (86)
NH4+-N conversation (%) 25-88 60-84 80-96 77-95 78-98

(70) (71) (87) (82) (94)

The values in parentheses represent the averaged data
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5 and both were with the same average removal
of 94%. At stage 5, th e highest removal of SCOD
was slightly lower than that ofTCOD. The slightly
lower SCOD removal efficiencies (71-86%) than
TCOD in all stages were mainly du e to the
residual of NH:-N in th e effluen t, although
phenomena such as EPS production and cell lysis
might also have a role in thi s study. According to
Table 3, the average NH : -N remova ls varied
between 70% and 94% and the nit rogen com­
pounds in the effluent appeared mostly nitr ate
nitrogen at stage 5, indicatin g that nitrification
occur red almost completely. The results also
showed that N02- concentration in the effluent
remained below 0.5 mgNL-1

Figure 4 presents the variations of ammonium
nitrogen in influent and effluen t during the five
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Figure 6 Variation of pH

Figure 7 Variations of flux and TMP

ammonia nitrogen (TAN) in MBR tank existed
in the form of NH4+ which would not inhibit the
growth of NOB. Meanwhile, excess alkalinity
with a range of 3-7 mg CacoJ L-1 in the effluent
was measured at stages 3, 4 and 5, whereas no
residual alkalinity in the effluent was detected at
stage 2. It indicated that the addition of 500 mg
NaHC03 L-1 could provide the alkalinity supple­
ment to ammonia-oxidizing bacteria (AOB) for
nitrification .

Th e var iations of permeate flux and trans­
membrane pressure (TMP) are presented in
Figure 7. A series of screening tests were carried
out to estimate the suction on-offoperation mode
and eventu ally the on-off mode of 5-1 min was
adopted. An important finding was that the water
cleaning operation couldnot recover the filtration

250100 150 200
Time (day)

50o

experimen tal stages. When compared stage 5 with
othe r stages , stage 5 showed stable levels of
effluent NH4+-N with a relatively small range of
fluctuation . Figure 5 illustrates NH4+-N removal
performance in MBR system. As shown in Figure
5, the overall removal efficiency of TN was 76%
with ,2 of 0.89 in the linear regression and the
highest ammonia removal efficiency reached 98%
wh en the nitrogen loading rate (NLR) was 0.41
kg ' NH4+_Nm-3 day. Other researches of NLR
were reported to 0.3 kg NH4+_Nm-3 day using
biofilm reactor by Abeling [13] and 0.3-0.48 kg
NH4+_Nm-3 day using modified Ludzack-Ettinger
process [14] . Comparing the NLR value with
other researches, the NLR value of 0.41 kg NH4+­
Nm-3 day can be shown some high since such a
NLR value was att ained by low biomass
concent ration about 4700 mg MLSSL-1 at the 5th

stage of this study.
Microbial nitrification is known to be highly

sensitive to pH, and optimal conditions have been
found to be withi n the narrow pH range of 7-8
[15] . In fact, pH acts on the NH4+/ NH3 equili­
bri um: alkaline pHs shift the chemical equili­
brium to free a mmo n ia, inhibiting nitrite­
oxidizing bacteria (NOB). In addition, alkalinity
is consumed theoretically at 7.14 g as CaCOJ per
gram of NH4+ oxidized to N0 2- . There is no
furth er alkalinity consumption at the oxidation
of NO,- to NOJ- . In th is study, pH underwent a
big drop from 8.5 in influent to 3.5 in effluent as
sh own in Figure 6. It meant th at th e total
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Table 4 The frequency of membrane cleaning

Stage Run MLSS· Chemical cleaning frequency Numbers of wash during
(d) (mgIL) (d) the experiment

1 73 3320 12 2 6
2 82 5150 20.5 4
3 34 90lD 6.8 5
4 33 6610 8.25 4
5 45 4820 9.0 5

* The mean value of MLSS concentration

.- 'Capacity ofthe membrane fully; which indicated
the occurrence of irreversible membrane fouling
even after physical cleaning in this study. The
membrane cleaning frequency is shown in Table
4. As shown in Table 4, the cleaning cycle of stage
3 was 6.8 days, shor ter than that of other stages.
Figures 8 and 9 sh owe d th e concentration
varia tions of soluble EPS. Both protein and
polysaccharide concentrations in the MBR were
mu ch hi gher than the orig ina l conte nts and
similar to th e trend of bi om ass va ria tio n .
Moreover, the results obtained from Figures 8 and
9 app arently showed that MBR rejected mostly
of EPS in thi s study.

In this study, the fouling phenomena happened
during the experi mental period showe d the
irreversible membrane fouling occ urred fast
during the filt rat ion and about 20-13 0 mg
SCODL- 1 in th e MBR tank wa s remove d by
membrane, not attributedto the microorganisms.
The results of thi s stu dy confirmed th at the
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rejection of EPS played a major role both in the
enhancement of removal efficiency as well as the
in crease of filt ration resist an ce during th e
operation.

4.0 CONCLUSIONS
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Septic tank effluent was treated by a laboratory­
scalesubmerged membrane bioreactor (MBR) for
more than 260 days. The results indicated that
the appropriate alkalinity supplement and SRT
control can enha nce th e COD removal and
nitrification. The operation of complete sludge
ret ention could increase th e levels of EPS ,
whereas it could decrease the frequ ency of
membrane cleaning. Irreversible membrane
fouling occurred fast and water cleaning for the
improvement of filtr ation capacity was
ineffective. The results also showed that th e
rejection of EPS played a major role both in the

,
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enhancement of removal efficiencyas well as the
increase of filt rat ion resistance during the
operation.


