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Troubleshooting Foaming in Membrane Bioreactor:
Review of Foam Analysis, Causes and Remedies

Gayatri Gawande, Rucha Dandekar, Omparv Channa, Har shali Birari

Abstract: Membrane Bioreactors have proved to be a useful
alternative to conventional activated dludge systems for
wastewater treatment. Merits of membrane bioreactors include
more compact design saving a significant amount of space and
lower sludge production due to longer sludge retention time. This
system unfortunately has a downside with it comes to excessive
foaming. Membrane bioreactors often act as foam traps leading
to overflowing, wastage of dudge and difficulty in process
control. Pre-Treatment of wastewater has proven to significantly
reduce foaming caused by surfactants. Generally, physical
methods are considered more economical and operationally
convenient compared to conventional techniques including
chemical treatment and advanced techniques like biological
treatment. Polyaluminium chloride as a coagulant is
recommended as a chemical treatment due to economic and
effectiveness considerations. It has been concluded that the
remedies for foaming issue are case specific and should be
determined by the causes of foaming. This paper aims at
reviewing techniques to analyse the foaming phenomenon,
causes of foaming and its remedies to manage or eliminate foam.
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Abbreviations: MBR, membrane bioreactor; DO, dissolved
oxygen; CAS, conventional activated dudge, PAX,
Polyaluminium chloride; WWT, waste water treatment;
F/M, feed to microorganism; EPS, extracellular polymeric
substances, An MBR, anaerobic membrane bioreactor;
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FR, foam rating; FP, foam power; FSI, foaming scum
index; MSI, modified scum index; TMR, thermophilic
membrane reactor; SRT, dudge retention time; HRT,
hydraulic retention times; MLSS, mixed liquor suspended
solid; 1A, intermittent aeration; RT, resistance to filtration;
OLR, organic loading rate; SVI, sludge volume index; Sl,
scum index; RAS, return activated sludge

[. INTRODUCTION

M embrane bioreactors (MBRs) are now regarded as a

universally accepted aternative for conventional wastewater
treatment (Di Bella et a., 2013). MBRs are a modification
of the conventional wastewater process, they additionally
have membrane filtration to remove microorganisms.
Nowadays MBRs represent a well-consolidated advanced
technology available that obey strict norms for standards
and quality of treated wastewater.

The MBR systems have proven to be superior with respect
to effluent quality, specificaly, elimination of pathogenic
bacteria. Characterized by lower ecological footprint and a
lesser production of sludge, MBR system is today preferred
over a conventiona activated sludge (CAS) system (Campo
et a., 2016).

MBRs have distinct advantages compared to the
conventional activated sludge systems:

* High effluent quality: Membranes eliminate the
effluent blocking microorganisms and a large
fraction of suspended solids using ultrafiltration.
The effluent water quality is acceptable for direct
agricultural use or low-grade process water for
severa applications.

«  Stability: In case of activated sludge systems, the
settling  process requires immutable  process
parameters, these include concentrations of various
toxic substances, salts and dissolved oxygen.
Changes in these lead to decrease in performance of
the process. This leads to larger concentrations of
solids in the effluent. In contrast to this, in MBRS,
the filtration membranes are more flexible to
variations and ensure purer effluent.

*+ More condensed design: Since filters in MBRs
separate dludge in the bioreactor itself, the
concentrations of microorganisms can be higher in
MBRsthan in CAS. As aresult, there is nearly 80%
size reduction in case of MBRs compared to CAS.
A clarifier tank, often taking up a large amount of
space, is not required when usng MBRs.
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* Reduced dudge production: The MBR can be
operated a a lower F/M ratio (feed to
microorganism ratio) leading to highly mineralized
sludge. This has a significant role in lowering the
operational expenditures.
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Figure 1: Indian Membrane Bioreactor Market size by
product (USD million)

In India, approximately 28.5% of the MBRs belong to the
industrial sector and the rest are being used for municipa
wastewater treatment. Unfortunately, there are some
drawbacks for this system, most prominent of those being
biological foam formation and fouling of membranes (Di
Bella et a., 2010; Mannina et al., 2012). Specifically, the
tank in which the membrane module is immersed has a
tendency to act as a trap for foam where the recirculation of
captured foam intensifies the foaming issue (Wanner, 1994,
Jenkins et a., 2004). MBRs and CASs are closely related
systems. remarkable difference lies in the retention of more
Extracellular Polymeric Substances (EPSs) within the
bioreactors. This property has led MBRs to encounter
foaming despite the absence of foam-forming microbes
unlike CAS systems (Di Bellaet al., 2013).

Foaming in activated sludge units, specifically MBRs, is a
problem frequently encountered which can cause loss of
biomass when the foam builds to the point that it overflows
the tank creating an unsafe environment and foul smell if the
climate is warm. Along with this foaming interferes with the
level measurement within the bioreactor. Foaming
represents a flaw of MBRs that can cause a notable decline
in biological performances of MBRs including decrease in
membrane filtration efficiency. Foams can essentially be
categorized into two types as chemical and biological foam.

Chemica or biochemical foams are delicate in nature and
can be easily diffused. They are associated with the
surfactant content of the sludge. Chemical related foaming
can be abated by chemica surfactant dosing which act as
destabilizing agents. Trigger factor for biological foaming is
known to be the disturbed F/M ratio. Biological foams have
a significantly high concentration of microorganism and are
comparatively more stable and inconvenient than the
chemical foams. These are the more common, high
viscosity, brown coloured foams unlike chemical foams
(usually white). The complications related to biological
foam are varied, critical ones being the excessive
accumulation of suspended solids within the foam that
complicates the process control of bioreactor, leading to a
foul odour and reducing effluent quality (Di Bella et al.,
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2011). The biological foam prevalent in activated sludge
systems has been defined as a matrix with three phases,
involving gas bubbles, liquid (wastewater) and solid
particles (the filamentous bacteria) (Davenport et al.,2002).
The filamentous microorganisms to which foaming is
attributed are a long chain of cells which remain attached as
microorganisms multiply. They flow to the top after
attaching to the rising air bubbles. Membrane efficiency
may also reduce due to the hydrophobicity of this foam
(Judd et d.,2011).

In the recent decades research in Anaerobic membrane
bioreactors (AnMBRs) for wastewater management has
gained momentum because of its superiority over
conventional anaerobic reactors (Dereli et a., 2012). They
deliver absolute dudge retention, with utmost treatment
efficiency and better effluent quality which does not contain
any suspended solids.

Numerous studies have stated problems related to foaming
in the application of anaerobic treatment for wastewaters
with excess of carbohydrates, for example cheese whey
(Brooks et al., 2008; Moeller et a., 2015; Kougias et d.,
2014), explaining it with the ascendancy of acidogenic
bacteria  such as  Thermotoga, Lactobacillus,
Pseudonocardia, Micrococcus and Bacillus. These bacteria
are known to produce foam promoting compounds such as
lactic acid, proteins, lipo-peptides and extracellular bio-
surfactants which are soluble in water and may be
extensively released to the volume liquor beneath high shear
conditions in an AnMBR. Both filamentous bacteria and
EPSs impact the sludge hydrophobicity and hence play a
crucial role in foaming events (Dereli et a., 2018). The
composition of wastewater is a prominent parameter
affecting formation of foam. Various specific and
nonspecific methods have been developed to control foam
formation.

[I. FOAM ANALYSIS

Another aspect of evauation of foam in the MBR is the lack
of sandardized, uncomplicated methods available to
estimate foaming. There is a necessity to have a regularized
protocol for quantification of foaming which is currently
lacking. Techniques used for foam generation during
experimentation, process temperature and composition
further complicate the issue of standardizing. Foam forming
ability of solutions is indicated by volume of foam formed
during testing. Some of the functional methods for foam
measurement being used in the industry are mentioned here.

1.1. Foam Rating

Foam rating according to experimentation conducted in
Blackall et al., 1991 is presented here. In this technique, the
foams have been categorized based on four parameters:
volume of foam, size of bubble, speed of foaming and time
taken by foam to sag and dissipate after aeration is halted.
Foams generated are characterized on the basis of foam
rating, which vary from 0 to 7.
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When there is no foam produced in the mixed liquor and the
response to aeration is similar to that of pure water, foam
rating is 0; additionally, the value 7 denotes an environment
promoting formation of dense and very steady foams. The
sample foam ratings at plants encountering a foaming
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session varied from 2 to 5 as the sample temperature was
raised from 15°C to 30°C. Samples taken from plants not
undergoing foaming issue reported foam ratings of O or 1 at
all temperatures. Foam rating is a qualitative foam
measurement technique.

Table 1: Foam Rating Blackall et al., 1991.

Response to aeration is same as that of pure water. Bubbles reach up to the surface but are unstable and break up, leading to no
Foam height is within 1.0 - 3.0 cm comprising of breakable, amorphous bubbles. Stability is not enough to promote film
Film form irregularly and last for time greater than 5-10 seconds. Usually generated from an easily breakable foam structure of
Foam of certain substance , including with bubble size of about 1.0 cm diameter and 3 - 8 cm height. Infrequently consistent film
formation, with both film and foam semi-stable on stopping aeration. Films approximately have 10 - 30 seconds stability.

Initially height of foam is 8 - 15 cm with bubble diameter about 1 cm. stable films formed at regular intervals. Stability of films
Stable foam formation with height 5- 10 cm in 2 min; the height with time reducing to 3 -5 cm, which remains stable on ceasing

Foam formed is stable with height 15-30 cm, film not formed. Size of bubble is approximately 0.5 cm diameter during production

Foam is stable and dense with height greater than 30 cm after 2 min of aeration. Size of bubble is about 0.3 cm during formation

Foam Rating Representation
0 foam formation.
1 formation. Terminating aeration collapses the foam
2 restricted height. Films become unstable once aeration is ceased.
3
4 and foam maintained up to 3-5 min after aeration is stopped.
5 aeration. Characterized by absence of film formation
6 which increasesto 2.0 - 3.0 cm. in 3-5 min on stopping aeration.
7

of foam with maximum of 1.0 cm diameter in 3 - 5 min after aeration is ceased. Foam is stable enough to indicate no change in

height 10 - 15 min after ceasing aeration.

1.2. Foam Power

The foam power test was recommended as a direct way to
measure foaming potential, this was in agreement with the
theories applied in food science. This test is among those
most practiced for analysing the foaming phenomenon in
WWTPs (Baniel et a., 1997).

A 100ml sample of sludge was taken in a transparent acry!l
cylinder (30 mm diameter 1000 mm). for the development
of foam air was supplied from the bottom of the cylinder for
period of 20 — 30 sec through a perforated plate. The airflow
was kept maintained at 5 L min™.

The level of interface of the liquid in the sample and foam
was measured with the picture taken by a video camera. Ho
cm was taken as the difference in height prior to and after
aeration. Foaming power P ( mL/L) was here calculated as
the volume of sample used up in foam formation with
aeration of 1L air.

With some alterations in operating conditions, research was
conducted in the following years applying the same
procedure (Nakajima et a., 2005). Foaming properties of
proteins can be determined using conductivity
measurements as mentioned in Kato et al., 1983.

FP =HyA/QT [Eq. 1]

A: Cross sectiona area of cylinder used (in cm?)
Q: Flow rate of aeration per minute (in L/min)
T: Aeration period (in min)

Ho: Difference in Height (cm)
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Figure 2: Measurement of Foam power asdescribed in
Nakajima et al., 2005.

1.3. Foam Stability

Foam stability is evaluated after aeration is stopped. In
Nakajima et al., 2005, Foam stability (S) in minutes, was
estimated based on the half-life time (min) of the rapidly
collapsing foam after terminating aeration. Two phases were
considered; fast (immediately after stopping air flow when
level of foam dropped rapidly) and slow (sometime after
stopping the air flow). H(t) was divided between these two
phases.

H(t) = Hy "exp (kit) + H, rexp (kyt) [Eq. 2]
Where H; and H, were taken as the initial heights of for fast
and slow process, respectively.

H +H, =Hy, ki>k, [Eq. 3]
Since it was suggested only the fast phase contributed to the
change of H(t) caused by breakage of foam, S was
calculated based on the larger rate constant k.
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S=1In2/k,
1.4. Foam Scum I ndex

Fryer et a., 2012 suggested a more holistic approach
towards characterization of foam in activated sudge
systems. Foaming Scum Index (FSl) is a relatively modern
method providing foams analysis for foams that are already
established on the surface of bioreactors or aeration tanks.
This index has been established using physica
characteristics of foam such as colour, filament index,
bubble size and solids content along with results from other
independent tests commonly employed to investigate
foaming including stability of foam, foam potential and
filament abundance (Fryer et d., 2012).

A weighting scheme was adopted to convert measurable
guantities to standardized scores to ensure the various
parameters considered were commensurate on the same
scale, for example low scores denoted lesser contribution of

[Eq. 4]

each parameter to foaming in activated sludge. Structural
equation modelling and multivariate analysis were applied
to assign weight to each parameter in the FSI, we recognized
the contribution of each to foaming in CAS plants (Fryer et
al., 2012). FSl is calculated asfollows:

FSI = (ZnZipiw;)? [Eq. 5]

Where FS| denotes Foaming Scum Index (from O to 25), p;
ranging from 1 to 5 is the score value of the variable, w;
denotes the weighting associated with every parameter.

The authors have concluded that high FSI values indicate
continuous and stable foams covering the aeration basin in
its entirety. On the other hand, low values of FSI indicates
foams can settle quickly and cover only a part of the surface
of the basins (Fryer et al., 2012).

Table 2: Foam Scum Index applied to two cases as mentioned in Fryer et al., 2012.

Ratings (Unadjusted)
Site Plant 1
Colour 2
Filament Index
Bubble Size
Foam Potential
Solids
Stability

N D P WO DN

Coverage
FSl 6.4

Foaming Fregquency Foam occurs once per year (Summer months)

Ratings (Unadjusted)
Plant 2
3

3
5
2
2
4
5

144

Foam two times per year.

Foam is generally light in color and does not overflow the
basin. Stability of the foam is questionable as it can be

Foam islight in color and covers mgjority of aeration surface
area.

Foam is fairly stable and cannot be easily removed by water.
The foam consists of small bubbles (average 1mm diameter)

Description dispersed by spraying with water.
Generally, only a portion of the surface of the aeration
tanksis covered (typically the corner walls).
Modified Scum Index (MSl) is another assessment

technique for evaluation of the foam that relates the foam
fraction caused by EPS and that caused by filamentous
bacteria. In Campo et a., 2016, a 2L sample from the
activated dudge system (aeration tank) was placed in a
floatation cell. Aeration was carried out at 10 Lair L -1 h -1
flow rate for 15 min resulting in a stable layer of scum.
After aeration, the upper layer of scum is skimmed out from
the non-floating sludge and this procedure is repeated
multiple times (based on amount of filamentous bacteria) on
the residua material until the point where al the foam-
forming microorganisms are transferred into the scum.
MSIO can be calculated as:

MSI = (Mass of scum recovered/Mass of suspended solids
in the sample)- 100 [Eq. 6]

The equation above is applied to every step of purification
in the process (MSl;, MSl;, MSl3, etc.). MSlp accounts
mainly for the foaming caused by EPS. Next diluted
suspension onward represents the foaming caused by
filamentous bacteria (for which further microscopic analysis
is recommended).
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spray. The foam is highly enriched in G. amarae spp.

1.5. Foam Volume

The foam volume is the product of thickness of foam with
the area of the cross section of the vessel. For the total foam
volume calculation, mean thickness was measured using a
hygrometer. The mean thickness was evaluated as the
average of thickness measured at various points along the
grid (Di Bellaet al., 2013).

Reference Plane

Measurement Point

Reactor Surface

Figure 3: Measurement of foam volume as mentioned in
Di Bellaet al., 2012.
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1.6. Foam Potential

A graduated cylinder with a perforated plate at the bottom is
used for the assessment. Sludge sample is aerated for a
fixed time period, the maximum increase of air bubbles is
measured. Each experimentation phase must be started only
after cleaning with nitric acid (70% v/v) (Fryer et a., 2011).

25mm
60mm >

.-

TN

)

AlIR

354m

OD —8mm

ID — 5mm

24mm I

FEEFEFEFEEEN SINTERED GLASS DISC

MLS5 SAMPLE

ROTAMETER

Figure 4: Foam Potential and Aeration Apparatus as
mentioned in Fryer et al., 2011.
1.7. Estimation of EPS
EPS is often recognized as the root cause of foaming and so
its direct measurement isimportant. Total amount of EPSis

EPS; = EPSp, + EPS.+ SMP, + SMP. [Eq. 7]
Soluble

Bound

The India Ink test has been developed in Jenkins et al., 2004
is a useful technique that can detect and quantify EPS
concentration. India Ink contains finely ground carbon
particles that are suspended in water. India ink does not
penetrate EPS, thus the clear (uncolored) areas observed
indicate EPS presence. The ink is mixed with activated
sludge and then observed under a microscope. Since this
region is usualy well-defined, his method can aso be used
to determine the amount of EPS using image processing. A
sample of agueous suspensions is prepared by mixing India
Ink along with mixed liquor, this is poured at the center of
the dlide. The dide is covered making sure there are no air
gaps and quickly observed under an optical phase-contrast
stereoscope. This procedure was later standardized as
mentioned in Capodici et a., 2014.
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Figure5: EPS detection using India Ink test (Borah et
al., 2018)

1.  CAUSESOF FOAMING

Several factors have been considered as magjor contributors
to foaming. They can be broadly categorized into two
classes: hiological factors and chemical surfactants. There
are various microorganisms and pathogens present in
wastewater to be treated that may contribute to foaming.
Experimental observations revealed that filamentous
organisms, like those at a CAS plant, are responsible for
biological foaming (Di Bella et al., 2011). The filamentous
bacteria that have been famously known to cause foaming
include Microthrix parvicella, Nocardia, Leptothrix spp. and
Sphaerotilus  spp.  Corynebacterium,  Tsukamurella,
Rhodococcus, Skermania, Dietzia, Mycobacterium,
Gordonia (Pal et a., 2014). It is estimated that EPSs and
filamentous bacteria are responsible for foaming action, but
questions such as, how these bacteria cause foaming or is
there any mechanism that describes how they affect
performance of MBR, aong with how EPSs contribute to
foaming, should be answered. Heard et a., 2008
investigated three different strains of filamentous bacterium
Gordonia amarae from WWTPs for the assessment of
formation and stabilization of foaming phenomenon. It was
found that biosurfactants were formed during the
exponential growth phase of the bacteria, which resulted in
remarkable lowering of surface tension of the filtered
medium and stable foam formation. After severd
experiments, it was observed that more than 55% of the
strains partitioned into the foam produced by the presence of
biosurfactants. This indicated that the surfaces were
hydrophobic, and it was concluded that the extent of
partitioning was not dependent on the growth stage. Studies
have concluded that the Gordonia amarae cells do not cause
foaming, but they do act as a biosurfactant, which in turn
promote the foam formation (Heard et al., 2008, Pagilla et
al., 2002). With respect to influencing parameters,
Collivignarelli et a., 2017 studied a Thermophilic
Membrane Reactor (TMR) pilot plant, to observe possible
factors affecting foam formation. It was concluded that the
initial operating conditions such as non-aeration or aeration
cycles have a dominant impact on concentration of EPS
present in the sludge.
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Particularly from their experimental observations it was
found that arise in time of non-aeration cycles lead to drop
in concentration of EPS from 2300.0 mg per litre to 500.0
mg per litre. The Foam power was also influenced by the
time duration of aeration/non-aeration cycles also depends
on foam power. Specifically, the application of aeration for
2 hours followed by non-aeration for 6 hours, results in a
drop in foam volume produced from 1200 to 550 mL per
litre of air. Temperature effect on foaming was more evident
in longer non-aeration phases. Foaming power and protein
fraction of soluble microbial products were found to be
closely related.

1.8. Extracellular Polymeric Substances

In recent years, various studies reported the concentration of
Extracellular Polymeric Substances (EPSs) as a crucial
factor that needs to be considered under causes of foaming.
Biological foaming is known to be associated with certain
hydrophobic compounds which can be synthesized by
microorganisms, it includes the EPSs. Foam in Micro
Bioreactor units was also observed without the presence of
foam-forming microorganisms, and the quality of foam was
reported to have correlation with the concentration of
proteinaceous EPS (Di Bella et a., 2011). In Di Bellaet al.,
2010, correlations between total EPS (sum of bound EPS
and unbound (soluble) EPS) and SI(Scum Index) or FP
(Foam Power) was reported. Very low presence of foam-
forming microorganisms was seen in spite of the obvious
foam formation. This verified the hypothesis that the foam
in the MBR and greater concentration of EPS in the mixed
liquor can be related , and also that the SI and FP Tests are
good measurements for foaming evaluation. Further study
into the contribution of EPS revealed that the two foam
parameters were predominantly influenced by bound EPS.
Sl showed a good correlation with all bound EPS (protein as
well as carbohydrate), with amean correlation coefficient of
0.7 or more. On the contrary, the FP was only found to be
correlated with bound protein substances. Therefore, for the
operating conditions for the study foam was closely
associated with EPS concentration and its amount closely
related to the measured value of SI. By contrast, the scum
power was associated solely with bound protein substances
in the mixed liquor and was dependent on FP. Research has
revealed, there is a quantifiably high relationship between
stable foam formation in the membrane bioreactor and the
EPS transferred from the mixed liquor to the layer of scum,
under certain conditions of aeration. Campo et a., 2016
reported increased concentration of EPSs coupled with long
anoxic phase aggravated the foaming. Application of
advanced tests for foaming alow for the study of
contribution of EPSs on foaming and fouling. The
experiment was split into different three time durations with
different aeration regimes denoted as taeration/tcycle (time
period) ratios (Period I: 60 min/180 min, Period II: 80
min/180 min, Period I11: 30 min/90 min). In general, in the
Periods | and 11, good correlations between the EPSs and the
Modified Scum Index without purification (MSIO) and the
Foam Power were observed Campo et al., 2016.

The prevaence of protein, specifically, as bound EPS, could
be attributed to presence of high amounts of extracellular
products in the flocs and endoenzymes (liberated by lysis)
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related to microorganism type, operating conditions and the
properties of substrate. Additionally, proteins in general
have higher affinity by the virtue of their hydrophobicity for
sdudge flocs compared to polysaccharides. Moreover, since
polysaccharides which are more biodegradable than the
proteins, they are metabolized as opposed to the proteins,
that have more complex structure. Proteins tend to attach to
the sludge flocs, emerging as the main components of bound
EPS. To generalize, the EPSs formation was promoted
during intermittent aeration conditions because the change
from aerated to non-aerated condition act as a stress factor
for microorganisms, which may result in cellular autolysis
(Linetal., 2014).

The experiments conducted in Di Bella et al., (2013)
revealed that MBR foaming was governed remarkably by
bound EPS concentration within the aeration tank,
particularly, the carbohydrate fraction. Additionaly, the
proliferation of filamentous bacteria along with presence of
bound EPS led to increasein stability of foam. Contrarily, if
the bacteria causing foam formation were completely
absent, the foam generation depends singularly on the
concentration of EPSsin the mixed liquor, which affectsthe
foaming power but not the stability of foam. Even so, the
real mechanisms of EPS production are till unclear.
Bacteria are known to release EPS under several stress
inducing conditions, these include ozonolysis (Borah et al.,
2018) and hypochlorite dosing (Han et a., 2017).

1.9. Filamentous Bacteria

The prominent filamentous bacteria contributing to foam
formation, predominantly include Nostocoida Limicola Ill,
Actinomycetes, M. Parvicella, Cytophaga (Begum et al.,
(2013), You et al., 2009, Frigon et al., 2006). Their growth
may be promoted by, a low food-microorganism ratio,
warm temperature, high Mixed Liquor Suspended Solid
(MLSS) concentrations, high Sludge and Hydraulic
Retention Times, the presence of foam trapping units in the
plant and the recycling of trapped foam (Jenkins et a ., 2004;
Tandoi et al., 2006). Along with these, the presence of
filamentous bacteria and EPSs decreases the ability of the
cake layer to act as pre-filter. Additionally, the presence of
foam-forming microorganisms along with filamentous may
potentially increase the concentration of EPS in the mixed
liquor, thereby, compounding the occurrence of foaming and
fouling phenomenon (Choi et al., 2002; Zhang et a., 2006;
You et a. 2009). Among the various kinds of
microorganisms detected in activated dudge, notable
amounts of Microthrix parvicella and Nocardio forms were
found in microscopic analysis in the foaming period (Reyes
et a., 2002, Oerther et al., 2001). Gordonia was known to
discharges hydrophobic biosurfactants, which  stabilize
foam (Iwahori et al., 2001). Thus, these microorganisms
have been commonly referred to  as “foam-forming
bacteria’.

The growth of bacteria responsible for foaming mainly
depends on the shifting of the aerobic/anoxic phases in an
Intermittent Aeration-MBR.
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Lower rate of cycling along with longer duration of the
anoxic phase with respect to a single cycle promote a higher
EPS concentration. On the other hand, high rate of cycling
induces increased growth of filamentous microorganisms
that become an important foam-forming agent in terms of
foam potentia and foam stability (Campo et al., 2016).
Another case study mentioned in Cosenza et al., 2013,
concluded that even without foam-forming bacteria, foam
formation is possible. In the case of contribution of
mycolata to foaming, Davenport et al., 2002 concluded,
there were negligible differences in mycolata concentration
observed between cases with foaming and those without
foaming due to filamentous mycolata. These findings
revealed that conventional microscopic anaysis for
monitoring the mycolata populations in plants with foaming
issues may not give an accurate result. It was concluded
that, filamentous or not, a large population of mycolata
would contribute to foaming.

1.10.  Anoxic
denitrification

Longer duration of anoxic condition can intensify foam
formation as it increases the volume of EPS produced. It has
a significant contribution on development of strains, which
promote the growth of foam causing microorganisms,
specifically filamentous bacteria (Nardelli et al., 2009).

The execution of Intermittent Aeration process that switches
between aerobic and anoxic phase, aids the nitrate reduction
in addition to ammonia oxidation, thus conserving energy.
The amount of air supply needed for the bioreactor declined
and high concentration of nitrates were absent in recycled
activated sludge. Thus, the Intermittent Aeration process
proved to be an economically profitable solution (Capodici
et a., 2015).

1.11.  Presenceof Synthetic Surfactants

Although foams induced by synthetic surfactants are less
viscous and less stable than biological foams, lab
investigation conducted in Capodici et a., 2014 suggested
that it is crucial that the amount of synthetic surfactants
mixing with mixed liquor be low: or else, their presence can
remarkably intensify the foaming triggered by EPSs
(biological surfactants) released by microorganisms.
Foaming occurs on the surface of aeration basin as steady
air bubbles enclosed by liquid film. Various components are
responsible for such phenomena but, commonly, the most
relevant ones being the existence of synthetic surfactants
and along with hydrophobic substances discharged by
filamentous microorganisms (brown foam). Raw wastewater
comprising surfactants and toxic substances consequently
damages cellular membranes and in turn produces EPS,
(Jenkins et a., 2004), highlights the root causes of foaming
sessions. Specifically, Carbon: Nitrogen ratio remarkably
influences foam formation when its value diverges from an
ideal ratio of BOD: N: P = 100:5:1. A non-ionic surfactant
Triton X-100, one cationic that is N-Cetyl-N,N,N-
Trimethylammonium and one anionic ammonium dodecyl
sulphate were added during first, second and third sub-
period respectively in MBR pilot plant where the synthetic
wastewater was abundant in ammonium chloride and
sodium acetate. The observations suggested that surfactants
play akey role in foam formation, additionally, with respect

conditions, nitrification and
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to achieving the optimal condition for foaming. Surfactants
are known to promote Narcodia growth. Biodegradation of
surfactants may slow down in colder seasons (Begum et al.,
2003).

1.12.  Low pH andlow DO

The pH in aeration zone should be kept in the range of 6.5 to
8.5. Having it on the lower side (less than 6.5), may promote
rise in fungi leading to fungal bulking. The pH of the
aeration tank can be altered using magnesium hydroxide or
calcium oxide. Addition of NaOH to control pH may lead to
soap formation that acts as a surfactant adding to foaming
issue. Use of carbonates and sulphates instead is
recommended (Jenkins et a., 2004). Instances have shown
foaming to increase after membrane cleaning, as revealed by
experts.

Foam is also generated by presence of surfactants which
include cleaners, surfactants, soaps or detergents, their
reactions between grease/oil and caustics and other similar
chemicals. The foam thus formed is irregularly shaped and
white colored.(Jenkins et al., 2004).

Low dissolved oxygen promotes the growth of filamentous
bacteria (most of which are anaerobic). Bulk dissolved
concentration of oxygen more than 2.0 mg/L is
recommended (Collivignarlli et a., 2020, Insel et al., 2014).

IV. RELATING FOAMING AND FOULING

There are some conflicting views when it comes to
association foaming and fouling. Foaming has been
associated with Extracellular proteins, the properties of
which are close to that of a surface-active agent. The same
types of EPSs, associated with foaming phenomenon and
membrane blocking, have aso been related to membrane
fouling (Judd et al., 2011). Fouling reduces permeability of
membrane, causing a decrease in effluent flow or an
increase of transmembrane pressure (Judd et a., 2011).
This results in a rise in operationa costs (caused by high
energy consumption or chemicals requirement for
membrane cleaning) that can restrain the application of
MBR (Cosenza et a., 2013). MBR related research has
revedled EPS as the most significant biological factor
accountable for membrane fouling (Lee et al., 2001).
Severa other studies have revealed significant contribution
of filamentous and foam-forming microorganisms (causing
increase the EPS) concentration to worsening of fouling and
foaming issues. (Choi et al., 2002; Zhang et a., 2006; You
et al., 2009). Tian et al., (2011) reveals fouling of
membrane is more severe during bulking of dludge with
high concentration of filamentous microorganisms.

Studies aso showed athough the EPSs hindered the
membrane filtration, it nonetheless improved the pre-
filtration action of the cake layer. As a result of their
hydrophobic nature, proteins have a tendency to adhere to
the surface of the flocs, which constitutes the bound EPS,
and contributing to the irreversible cake deposition. For
Intermittent Aeration- MBR, the results show that EPSs
play crucial rolesin fouling (Campo et al., 2016).
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Figure 6: Correlations between polysaccharides and
viscosity (a) and between proteins and hydrophaobicity
(b) (Campo et al., 2016)
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Figure 7: Relationship of RT with modified scum index
(a) and foam power (b) of scum (Campo et al., 2016)

It has been revealed that there is a similar correlation
between M Sl (representing primarily the effect of foaming
as a result of EPS) and FP with the RT (indicating total
resistance to filtration). This reveals that the foaming and
fouling phenomenon are not self-contained but interrelated
via EPSs. Therefore, permeability of the membrane is
inevitably exacerbated by an increase of foaming quantity
(interms of MSI) and foam potential.

Contradicting the above, a study conducted in Consenze et
al., (2013) dated inverse relation between foaming and
fouling, it revealed, during the duration of foaming, the rate
of fouling lowered because the bound EPS remained
enclosed in the floating scum. In the case study mentioned
here on MBR, fouling was observed to not worsen in the
duration of foaming despite the increase in EPS after the
85th day (Tao et al., 2021). Results reveal a high correlation
between foaming vs bound EPSs and fouling vs EPS.

V. REMEDIES

Remedies for foaming can be categorized broadly into three
treatment methods. chemical, physica and biologica
methods. Recent techniques in respective fields with at most
effective methods are adopted in this literature. Under
chemical treatment mostly conventiona methods are
included such as use of antifoaming agents, defoamers,
chlorination and coagulants which even in course of time
were found irreplaceable but the recent advancements in
these methods are included. The biological treatment
includes varying carbon to nitrogen ratio and such to control
metabolism of bacteria while in physical methods operating
methods are varied as of dludge retention time, Food to
Microbes ratio, temperature, pH, aeration intensity, bubble
size optimization and such to control the bacteria growth
and reduce foaming. A discrete method is included where a
microbial fuel cell is used in addition to MBR which
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degrades EPS and produces energy out of it that’s majorly
effective while recycling sludge.

5.1. Chemical Methods
5.1.1. Antifoaming Agents

The biological effects of antifoam are generaly not
acknowledged due to the wide range of availability and
information regarding composition is kept confidential by
manufacturers. This lack of knowledge doesn’t create the
potential to apply with its respective capability. The
literature survey suggests that antifoam agents not only
affect cells but also the proteins (Routledge, 2012). These
are used to resolve foaming issues by preventing foaming or
countering it in the formulation. These agents are insoluble
in the foaming medium and possesses certain surface-active
properties which include less viscosity, greater ability to
spread on foam surface, possesses affinity to air and liquid
surface that disturbs the stability of foam layer, that further
ruptures air bubbles, which disintegrates the foam.

¢ Oil based defoamers

These types of defoamers contain an oil carrier where the oil
is selected that is not soluble in a foaming medium with an
exception of silicone oil. To increase effectiveness oil based
defoamers are also added with wax with the addition of
hydrophobic silica These waxes include ethylene bis
stearamide (EBS), and waxes of ester, paraffin, fatty
acohol. To intensify dispersion in foaming media the il
based defoamers might be added with surfactants. These are
considered to be acute defoamers and highly effective at
destabilizing surface foam (Karakashev et a., 2012).

¢ EO/ PO based defoamers

The main components of these defoamers are polyethylene
glycol and polypropylene glycol copolymers. These are
introduced as oils, water solutions, or water-based
emulsions. These generaly good at spreading and are
effective in a deposition is a problem (Karakashev et a.,
2012).

5.1.2. Defoamer

Silicone as a defoamer characterizes a great impact on
growth of filamentous bacteria while triethyl phosphate has
correspondingly less effect but is recommended for long
term use as silicone colloids are formed on membrane
surface which is an irreversible pollution and hence is
recommended for short term dosing (Hong et a., 2011).
Although a drawback of silicon based defoamersis at times,
it is known to cause membrane fouling.

Numerous antifoaming agents are available, they should be
used with complete knowledge of their inherent
characteristics to counter foam. while making this choice,
several ambiguities must be considered relating to the
tolerability of wastewater treatment steps which
tremendoudly limits the selection of the type of usable
defoamer. Mineral oils based defoamer are primarily used
for countering foam in the textile, paper and pulp industry.
Most of these defoamers are substituted for being less eco-
friendly (Klein et a., 1993).
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5.1.3. Chlorination

Filamentous bacteria are one of the primary reasons in
foaming issues and bulking in activated sludge wastewater
units. One of the traditional methods used to control these
issues is to use oxidizing chemicals as chlorine but the
technique is not aways effective. There are various
operational limitations as in various cases chlorine dosage
required is high which causes floc to disintegrate and that
could restrain nitrification and organic matter removal
which is the primary motive of the plant. Due to some of
these limitations research is in the course to develop
alternative methods to abate filamentous foaming (Mamais
eta., 2011).

5.1.4. Coagulants

A lot of options could be explored under coagulants that
include hydrated aluminium sulphate, ferric chloride,
polyaluminium chloride, ferrous chloride, and cationic
polymer (Collivignarelli et a., 2020). Polyaluminium
chloride (PAX) and cationic polymer are the most efficient
considering al the conventional coagulants. One of the
benefits of PAX is, its addition causes no suppression on
autotrophic  bacteria which perform nitrification or
heterotrophic bacteria for organic carbon remova (Mamais
et a. 2011). PAX is dso considered economical
corresponding to other chemical methods.

5.2. Physical and Biological Methods
5.2.1. Synthetics Surfactants

These could adequately be removed by the biological
system adoption. Tremendoudly increasing C:N ratio results
in significant drop in concentrations of EPSs. It is assumed
that extreme unbalance significantly affects metabolic
activities and hence produces less exo-cellular polymers
(Capodici et a., 2014). The formation of foam largely
correlates with the contents of protein of EPS and thereby
foaming can be reduced by increasing OLR (organic
loading rate) asaresult in low P/C ratio in bound-EPS and
values of RH (Oghyanous et a., 2020).

5.2.2. Reducing SRT and increasing F/IM

Reducing SRT and increasing F/M decreases sludge volume
index (SVI) which further decreases the time of generation
for Microthrix Parvicella that is higher than the duration of
sludge retention and hence is washed out with the rejected
sludge. Increasing the F/M (food /micraobes) ratio is known
to promote floc forming bacteria by supplying substrate. The
floc foaming bacteria have a higher growth rate compared to
filamentous bacteria when the soluble substrate
concentration is high. Higher concentration of non-
filamentous microorganisms with respect to filamentous
microorganisms provides better thickening properties and
settling to the activated sludge. It was concluded, during
initial stages of foaming, lowering the SRT or increasing
F/M ratio could reduce foaming (Xie et a., 2009).

Another approach to decrease surface foam is through a
combination of a dludge microbial fuel cell with a
membrane bioreactor. EPS could be reduced by 36.8% that
is in the form of dissolved organic carbon which is one of
the maor causes of foaming. The dudge produced is
estimated to be reduced by 61% which is approximately
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5.1% more than conventional MBR. The major advantage is
electricity produced by converting chemical energy in total
organic matter directly by cataytic reaction of
microorganisms (Su et al., 2013).

5.2.3. Optimal aeration intensity and other process
parameters

Optimal aeration intensity and diffuser strongly affects the
foaming control along with membrane fouling in the MBR
system. Fine bubble aeration causes severe foaming. An
optimal bubble size should be used for aeration for
maximization of oxygenation. As the experiments show fine
bubbl e aeration reduces membrane fouling but tremendously
increases foaming for same feed and operational conditions.
It is suggested to provide an optimal bubble size for aeration
(Zhang et al., 2019). Operational methods are optimized to
attain the best suitable combination for a set of parameters.
Metabolic activity could be controlled which generaly
triggers foaming. Highly regulated factors such as F/M ratio
and solids retention time (SRT) are often considered to
derive optimal state but less regulated parameters such as
temperature and pH do make a significant difference. High
temperature with long SRT, low F/M ratio and less pH
provided best results where the system witnessed least
metabolism but high mycolata population. It is inferred that
athough the population of mycolata grows it is the
metabolism that defines foaming. These proposed sets of
factor states contribute to least foaming (Maza-Mé&rquez et
a., 2016). The quality of foam is not dependent on SRT
values, but OLR can be varied to control foam quality
(Oghyanousa et a., 2020).

VI. CONCLUDING REMARKS

Multiple theories have been proposed to explain the
occurrence of foaming including presence of EPS,
filamentous bacteria, anoxic conditions, synthetic
surfactants and, low pH and DO. EPS has proven to be a
major cause for foaming in MBRs. Foam anadysis is
recommended to derive the cause of foaming. A diverse
range of methods is presented in the literature. Scum index
is a modern method to indicate intensity of foams in
bioreactors. The cause of foaming depends on wastewater
being treated; hence a generaized method is not
recommended. Primarily physical methods and optimizing
process parameters must be considered as these are most
economical in most cases and could be managed right from
the control room. The chemical methods are reliable but
expensive and for a fully operational plant the amount
required is often significant. Also, these methods may affect
other treatment processes such as nitrification. While
executing these methods the process should be supervised
and care should be taken so that the original WWT process
is not hampered. To counter EPS production, effective
remedies recommended include the execution of the
Intermittent Aeration process that switches between aerobic
and anoxic phase which aids the nitrate reduction, further
decreasing EPS production. Additionally, increasing the
C:N ratio results in a significant drop in concentration of
EPS.
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For biological methods to counter foaming, one must be
sure of the cause of foaming and the respective bacteria
responsible. Meanwhile the care must be taken to only
control the target bacteria. Due to diversified causes of

foaming,

biological methods seem to be difficult.

Ultimately, it comes down to the feasibility of the method to

a paticular plant

considering the advantages and

disadvantages of each method applicable to the specified
plant.
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bacteria including Microthrix
parvicella.

The dominant Bulking and

foaming bacteria in the
activated dudge system
included: Microthrix
parvicella, Chloroflexi,
Gordonia and
Chryseobacterium, where
Microthrix parvicella,
Chryseobacterium and

Gordonia are known foam
forming filamentous
microorganisms

Filamentous microorganisms
Nostocoida limicola,
Microthrix parvicella,
Nocardia spp.; proteins along
with lipids and fats utilized
by filamentous microbes
specificaly by Gordonia
amarae and Microthrix
parvicella. Toxic conditions
such as insufficient DO, pH

below 6.5 or above 9.0,
nutrient  deficiencies, or
seasonal temperatures

(summer/winter).
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On-site generated ozone was
added to the recycled stream of
activated dludge in WWTP
facing issues caused be
Microthrix parvicella. Partidly
returned sludge was injected
with ozone.

Analysis of the experiment was
carried out using microbial
analysis of the control and
experimental line before, during
and after the duration of ozone
dosing, process data analysis
and microscopic analysis.

Linear relationship was found
between surfactants dudge
loading and fatty acids. It was
concluded, the proliferation of
bulking and foam forming
bacteria could be controlled by
remova of lipids from the
incoming wastewater.

Microthrix parvicella growth
could be restraned by
controlling sludge age. Along
with this use of oxidizing
chemicals, controlling dissolved
oxygen levels in the pre-
oxidation reactor, non-specific
measures such as  steam
application, water sprays, use of
selectors (mixing channels or
basins where RAS and influent
wastes mix prior to the agration
tank): Anoxic selectors, Aerobic
selector, anaerobic  selectors,
skimming system,  thermal
hydrolysis, use of water sprays,
pump inlet system may be used.
Chemical method include
chlorination, addition of
aluminium sulphate, PAX and
catatonic polymers. Mycolata
cell numbers may br reduced in
the mixed liquor below the
foaming threshold value by use
of suitable lytic phages, adding
specific bacteriophages.

Published By:

Ozone dosage led to lowering of
amount of M. parvicela and
improvement in  the settling
properties, without damaging the
microscopic  andysis of overal
process. Both chemica oxygen
demand (COD)- and N-remova
remained unaltered. Additionally the
dominant populations involved in
nitrification persisted during the
experimental  period. On the
termination of ozone dosing, the
issue of sludge bulking reemerged,
highlighting the significance of
continuous evaluation of the system.

Preferred flotation in addition to
growth advantages in the scum and
foam layers was indicated by an
increase in  Gordonia sp. and
Candidatus Microthrix parvicella
reads from activated sludge to scum
and foam samples. This was
revealed by Illumina seguencing.
Predominant foaming and bulking
bacteria were found to be positively
correlated with influent flow and
sludge age; additionaly they were
negatively correlated to levels of
DO and temperature.

Only a temporary solution is
provided by non-specific methods,
specific and  selective  control
strategies must be applied for a
more lasting solution for the
foaming issue. Foaming
microorganisms tend to attach to the
hydrophobic substrates of greases,
oils and fats as they use it to grow
by consuming them as a source of
food. There are disadvantages to
chlorination and NaOCl and
(SO4)sAl,. Biological treatments are
novel and an eco-friendly methods
to control foaming and they should
be applied to the full-scale WWTP.
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Collivignarl
li et al.

2020

Zhang et
a., 2019

Marque
etal., 2015

Oghyanous
etal., 2020

Review for
generdized foaming
inWWTP

Samples of dudge
from plants facing
foaming and other
where foaming was
not observed were
collected from two
identical and parallel
aerobic MBRs
(Koch hollow fibre
MBR systems, USA)
operated at a mining
site in  Ontario,
Canada for on-site
domestic  treatment
of wastewater.
(Specifications  not
mentioned)

DO concentration in
the range of 0.5-1.6
mg/L

MLSS for each SRT
was kept constant at
8,000 mg/L

DO: 354 mgllit ,
quantity of the foam
defined by the
modified scum index
MSl)
Pharmaceutical
wastewater

I nter national Journal of Recent Technology and Engineering (IJRTE)
| SSN: 2277-3878 (Online), Volume-10 | ssue-4, November, 2021

Chemica foams  were
attributed to mainly excess
surfactants (white
foams),filamentous  bacteria
(Candidatus ‘Microthrix
parvicella’, members of the
Mycolata, Gordonia amarae,
Skermania piniformis and

Rhodococcus  rhodochrous
contribute to  biological
(brown) foams.
Hydrophobicity is due to

EPS. EPS production is
contributed by filamentous
bacteria, Less DO (< 2
mg/lit),high retention times of
solids

High amounts of hydrophobic
substances, aeration using
fine bubbles, filamentous
bacteria, extracellular
polymeric substances.

Filamentous Bacteria:
Mycolata
Bound Extracellular

polymeric Substances

Retrieval Number: 100.1/ijrte.D65911110421

DOI: 10.35940/ijrte.D6591.1110421
Journal Website: www.ijrte.org

Selectors, Mechanical methods:
injectors, impellers and
centrifuges, controlling the
levels of DO (maintaining the
concentration above 2 mg L*
within the aerobic zones),
increasing the ratio of organic
carbon to the biomass, reduction
of sludge age or application of
chemical  precipitation and
chlorination at instances of
maximum growth of
filamentous bacteria. Chemical
methods including chlorination,
anticoagulants such as ferrous
chloride, ferric  chloride,
polyaluminium chloride,
hydrated aluminum sulfate and
cationic polymer,
polyaluminium chloride (PAX-
14) may be useful in control of
Microthrix parvicella.
Biological methods include use
of specific bacteriophages that
only act on filamentous
bacteria

Optimize bubble size aeration,
in a way tha maximizes
oxygenation.

Lower pH, higher temperatures,
and higher dudge retention
time.

Increasing the OLRs from 0.04
to 0.32 g COD/L mitigated the
foaming issue by altering the
qualiity and reducing the
quantity of foam.

Published By:

Specific  control methods are
recommended over non-specific
methods.  Mechanical control
methods are preferred to overcome
the disadvantages associated with
antifoaming  chemica  agents.
Chemica antifoaming agents of
very low concentration in addition
to mechanical methods more useful
that solely mechanicd methods.
Prevention of foam is preferred over
foam control measures. Evaluation
of foam formed is recommended.
The most efficient mechanica
systems are often very complex,
energy intensve, and fal to
guarantee easy usage. Impact of
biological methods on sludge
structure is largely  unknown.
Reducing dudge age may not be a
viable option where nitrification is
happening as this may lead to
excessive removal of nitrifying
bacteria

Serious foaming was encountered
during aeration with fine bubbles.
Aeration-related foaming had a
large influence on the filtration
behaviors along with the sludge
properties. Comparison of the
sludge properties showed that the
fouling tendency of the sludge was
influenced by a combined
interaction of various major
influencing factors, size of particles,
concentration of EPS and soluble
microbial products. For reduction of
fouling and foaming, aeration
should be done by maintain
optimum size of bubbles with the
aim of maximizing oxygen transfer.

Certain environmental and
operational  conditions led to
proliferation of Mycolata but

reduced their metabolic activity.
Foaming did not take place under
these conditions.

Foam formation greatly influenced
by the protein contents of EPS and
foaming was reduced after
increasing OLR due to the low
protein to carbohydrate ratio in
bound-EPS and RH values.
Additionally, the results revealed
that the foaming quality was not
influenced by the SRT values while
it can be controlled by OLR. OLR
control was declared as a feasible
procedure for the treatment of
pharmaceutical wastewater for COD
removal of up to 80%.

168

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rightsreserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijrte.org/

Troubleshooting Foaming in Membrane Bior eactor: Review of Foam Analyss, Causes and Remedies

Judd et al. .

Chapter 3) '(\Bﬂegsrsallzed for

2011
MBR plant treating
domestic
wastewater,

Insel et al. investigations done

2014 using dynamic

= simulations, HRT
and SRT of the
system is 19 h and
45 days respectively.

Liao et a., Generaized for

2012 MBRs

Hypochlorite cleaning, fats,
oils and grease, EPS
filamentous microorganisms,
destruction of cells results in
release of their DNA, which

is surface active and
proteinaceous. Lower
temperatures, excessive
chemical cleaning  and
insufficient organic loads,
external stimuli  (Organic

carbon shock, saline shock)
may also be responsible for
foaming.

Low DO<0.3 mgO2/L
triggering growth of Nocardia
(Gordonia) amarae, low
COD/N in denitrification
zone, lower concentration of
sulfur, higher concentration
of fats, low F/M rato,
nutrient deficiencies

Foam formation may be
amplified by excess aeration
of the concentrated mixed
liquor within the membrane
tanks
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Pre-treatment included
balancing flows; ingalling traps
for grease, oil and fat; lowering
of the MLSS concentration,
increasing the rate of RAS,
regulating dosing of nutrients,
reseeding the sludge, aum
dosing (for foaming associated
with Microthrix Parvicella in
particular), chlorine dosing,
minimizing membrane aeration,
antifoam dosing and surface
spraying, alowing sludge from
membrane tank to overflow to
the bio tank, buffering to
equaize the loads, application
of surface sprayers, maintain
sufficient  mixing  without
allowing  accumulation  of
anaerobic sludge, prevention of
excessively long SRTs, careful
management of nitrification,
denitrification and of DO.

A hypochlorite dosing of 4.5 g
CL/ kg MLSS/day was used to
tackle filamentous bulking issue
as a short-term solution.

Provide lateral along with
vertical mixing at the inlet zone,
in particular if the transfer of
regular flows from zone to zone
is via overflow for foam
management.  Through  and
intense mixing at the inlet to
each zone, where combination
of flow streams occurs. Close
controlling of aeration to MBR
is recommended.

Published By:

Various practical strategies have
been mentioned. Microbia activity
has been stated as the most common
cause of stable brown foam.
Biological foaming increased on
hypochlorite cleaning. Flow
balancing is advised to limit the
shock |oads transmitted to the MBR
system, as rapid changes in both the
F/M ratio and the hydraulic loads
can lead to several deleterious
effects, primarily membrane fouling,
foaming and  inhibition  of
nitrification. Chlorine dosing is
carried out either by dosing it
directly into the RAS stream or
spraying on surface; this is more
effective  on Nocardia related
foaming. Alum dosing if effectivein
reducing the growth of Microthrix
parvicella by obstructing the fat-
splitting enzyme and is usualy
dosed at a concentration of 60 g AI®*
per day of dudge age per kg MLSS.
While it has been proven for some
microorganisms, it appears to be
specific to species and is futile
against certain filamentous
microorganism and has limited
application at SRTs < 8 days along
with lower DO concentrations.

The value of DO in the MBR tank
was aways above 5 mg/lL as
observed in the field measurements.
Research suggested  that  if
concentration of DO within the
system drops below 1 mg/L, the

operating  conditions ~ promote
growth of filamentous
microorganisms. And these

organisms proliferate at a fast pace
in the system dominating to other
bacteria Consequently, they
overwhelm the system and cause
severe foaming episodes.

General review examining
developments of MBR. High rates
of internal recirculation in MBRs
lead to greater tendency towards
short-circuiting. Implementation of
the thorough-mix characteristics into
the design (that are otherwise
assumed in process model) is
recommended. Provisions must be
made for remova of foam already
generated. Operational experience
has revealed, solids lost from the
system during foaming need to be
accounted for in solids inventory
and wasting considerations.
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Analysis techniques such as the

. atomic force microscopy
C(;n;?rl]ned g;i observation along with adsorption
gequ g Bed tests validated the fact that the worm
9 The tendency for foaming in a = predation reduces the amount of
Worm Reactor ;
sludge samples was reduced by = slime adsorbed on membrane.
(SSBWR) was Al | . edati h f
insaled  prior to Extracellul ar _Poymen_c worm predation. The amount 0
. ) Substances including their EPS decreased after worm
Li et a. conventiond MBR. - . . ] )
constituent subfractions (such = predation.  This  technique
2013 The sludge produced - ! ’
in excess in the Ias Sglghtt)lél gound and the lr;]troduceg crfrtaln s;ructgral
MBR was added to 0S8y boun EPS) changes in the E_PS raction,
lowering of foaming may be
the ~worm reactor attributes to this phenomenon
while the predated P :
sludge was returned
to MBR system.
A laboratory-scae
submerged MBR of Sludge foaming accounted for
volume 26 L used membrane fouling in MBR. The
for study. Inoculated = Reduced aeration in the start- foulants possessed exceptionally
sludge concentration = up period caused elevation in high resistance to filtration aong
was approximately = bacterid community and with stronger adhesion to membrane
Wu et a 8.0 g/L which was increased foaming. excess surface during the foaming period. It
2020 “  dowly increased up growth  of  filamentous --- No remedies mentioned was concluded, there was constant

to 12 g /L within 20

microorganisms in the sudge

foulant production (proteins and

days of sart-up has been suggested as the polysaccharides) in this period. It
period. Reagent = cause of foaming problem. was reported that fouling as a result
glucose was used to of foams was corelated with process
account for COD of gel layer filtration.

(300 ppm)
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