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Discussion

Is hydraulic retention time an essential parameter for MBR performance?
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bstract

The effect of hydraulic retention time (HRT) on membrane bioreactors (MBR) operation is discussed. A brief literature review on this topic

ndicates that biased conclusions can be drawn if data is obtained under non steady-state conditions.

Another relevant aspect regarding steady-state operation includes activated sludge adaptation to bioreactor running conditions. In addition,
astewater components also have influence on steady-state achievement and MBR performance.
2007 Elsevier B.V. All rights reserved.
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It is widely known that the organic load, expressed as F/M
food to microorganism ratio), is a key parameter for design and
peration of the activated sludge process. The hydraulic reten-
ion time (HRT) is intrinsically associated with that parameter
nd is directly related to the reactor volume and the operational
osts. In this discussion, we present a brief review of the litera-
ure concerning factors affecting membrane bioreactors (MBR)
erformance, mainly, hydraulic residence time and steady-state
peration conditions.

MBR systems are able to completely retain biomass and oper-
te with high volatile suspended solids (VSS) concentrations.
lthough these systems may operate with a broad range of F/M
alues, there is a tendency to run such reactors with moderate
alues, in order to maintain biomass content under tight control.
hus, in this context the relevance of the parameter HRT is even

ncreased.
The treatment of industrial wastewaters in MBR systems

ay present some challenges, since some pollutants are slowly
iodegraded. This fact highlights the relevance of HRT on MBR
erformance.

Organic matter removal efficiency in MBR is also likely asso-

iated with the sludge retention time (SRT). This occurs because
he mixed liquor tends to present reductions in its soluble micro-
ial products (SMP) concentrations with the increase of SRT
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astewater treatment

1,2]. However, long SRT can only be achieved by using low
/M ratios. Regarding industrial wastewater treatment, there is
o consensus in the literature concerning the recommended SRT
peration range. The choice of SRT is dependent on the nature
nd recalcitrance of the wastewater compounds.

Best results regarding organic matter removal efficiency are
enerally obtained in steady-state operation, which means after
wo or three times the SRT [3]. This statement was made for con-
entional activated sludge processes, which operate with SRT
7 days) much lower than the ones used for MBR systems.

Another practical criterion to define MBR steady-state oper-
tion, when the run is carried out with a high SRT (>50 days), is
he stabilization of VSS concentration after a few days of opera-
ion under the same conditions. The stabilization of VSS content
s a consequence of the selected F/M and HRT.

It is important to notice that HRT must be established as a bal-
nce between cost and removal efficiency. If a process requires
ery long HRT to produce the desired removal efficiency, a
ompletely different treatment process might be proposed.

During the operation of a vertical submerged membrane
ioreactor, with SRT of 60 days, Chae et al. [4] suggested that
RT is a key parameter to reduce membrane fouling. The authors

eported that reduction of HRT, from 10 to 4 h, promoted a
ecline in sludge settleability, caused by the increase of extra-

ellular polymeric substances (EPS) and average particle size.
ence, membrane resistance increased. Regarding membrane
rocesses, it is generally observed that the increase of membrane
esistance produces a higher retention of solutes and, conse-
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wastewater treatment and reuse using submerged MBR, J. Membr. Sci. 293
ig. 1. Effect of HRT on COD removal in a SMBR treating petroleum refinery
astewater. All experiments were performed without sludge withdrawal.

uently, better removal efficiencies can be expected, despite flux
eduction.

An important aspect to analyze the effect of operation param-
ters, mainly HRT, on MBR performance is to assure that the
ystem is being operated under steady-state conditions. It is
idely accepted in chemical reaction engineering that data used

o calculate the conversion or the reaction yield should be col-
ected after a period higher than three hydraulic retention times.
nfortunately, this experimental procedure has not been con-

idered by some authors, who operated their reactors for short
eriods of time disregarding this classical recommendation.
ahman and Al-Malack [5] operated a MBR with an industrial
astewater and concluded that COD removal efficiency was not

ffected by HRT in the range studied (17–34 h). However, such
onclusion was based on the results of experiments carried out
or periods of time lower than three residence times. As men-
ioned, it is important to reach the steady-state conditions in
rder to formulate sound conclusions.

Working with a synthetic wastewater containing easily
iodegradable compounds, we observed that HRT did not influ-
nce COD removal efficiency, as reported before [6]. When
he same MBR system was used to treat a complex industrial
astewater (petroleum refinery), even small variation on HRT

ffected the removal efficiency, as shown in Fig. 1. In addition,
he increase on HRT favored the occurrence of nitrification. Our
xperience indicates that the treatment of complex wastewaters,
ontaining slowly biodegradable compounds and appreciable
mmonia concentration (>100 mg/L), requires high HRT values
or MBR operation for obtaining high removal efficiencies of
OD and nitrification.

The effect of HRT on the conventional activated sludge treat-
ent (CAS), applied to a synthetic wastewater, containing a

ighly persistent compound, was investigated by Kargi and
onya [7]. In their experiments, the influence of HRT, rang-

ng from 5 to 30 h, on process performance was evaluated after
eaching steady-state conditions, which took about 2–3 weeks
er experiment. It is worth notice that SRT was 10 days, in those

xperiments. Steady-state operation was reached, according to
heir criteria, after obtaining stable values of effluent COD and
ollutant concentrations during 3 days of operation. The authors
ound that the increase in HRT up to 15 h enhanced COD and pol-

[
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utant removal efficiencies and that these parameters remained
lmost constant, while operating with HRT above 15 h. Although
his work was conducted with CAS, we think that the authors’
onclusions can be extended for MBR applications.

Qin et al. [8] operated a MBR system, with SRT of 25 days, to
reat a petrochemical wastewater and investigated the effect of
RT (13, 16, and 19 h) on effluent quality. They observed that the

ntermediate HRT led to the worst result, which was attributed
o the short-term operation under such condition (1 week). In
ddition, the authors supposed that the seed was acclimated to
he wastewater, but sludge adaptation was not performed in the
aboratory. Probably, sludge adaptation to the new operation con-
itions associated to recalcitrance of compounds present in the
astewater affected their conclusions, since one week is a short
eriod to reach steady-state regime.

In the work of Ren et al. [9], the effects of HRT (1–3 h) were
valuated only after 32 days of operation during the treatment of
synthetic domestic sewage in a submerged membrane biore-

ctor. In these experiments, certainly the results were obtained
nder steady-state conditions. The influence of HRT was clearly
bserved when this parameter changed from 2 to 1 h.

Finally, it is important to highlight that, only when MBR
re really operated under steady-state conditions, sound conclu-
ions can be drawn about the reactor performance. Achievement
f steady-state does not depend only on the extent of the oper-
tion time but also on adaptation of sludge to the wastewater
omponents under the assay conditions. Industrial wastewaters
enerally require higher hydraulic retention times for degra-
ation of complex compounds and, hence, longer biomass
daptation periods are necessary.
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