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Abstract: Membrane bioreactor (MBR) is a new sewage treatment system that organically combines membrane separation
technology and biological treatment technology. The key problem restricting the development of MBR is membrane pollution.
This paper summarizes the main causes of membrane pollution and common treatment methods, and puts forward a new method
of membrane pollution prevention - intelligent detection system. The intelligent detection system can be divided into four
modules: data acquisition module, real-time data transmission module, online prediction module and real-time display module,
which are used to monitor the actual situation of sewage treatment, thus reducing membrane pollution and improving.
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1. Introduction

MBR (Membrane Bio-Reactor) is a new type of wastewater
treatment system that organically combines membrane
separation technology and biological treatment technology
[1-3]. A key factor that restricts the development of MBR is
membrane pollution. Membrane pollution directly leads to
the decline of membrane flux (referring to the amount of fluid
passing through unit membrane area in unit time), which
greatly shortens the service time of membrane, resulting in
the decline of MBR performance and the increase of
operating power.

2. Prevention and control methods of
membrane pollution

2.1. Membrane pollution influence parameters

Membrane fouling is a key factor affecting MBR efficiency,
and membrane flux is an important indicator of membrane
fouling. The decline of membrane flux is affected by many
factors, including sludge particle size, sludge concentration,
soluble microorganisms, suspended solids in mixture and
water pressure. The main influencing parameters of
membrane flux are as follows:

(1) Sludge concentration

One of the most critical factors for the decline of membrane
flux is the sludge concentration. The membrane pollution is
negatively correlated with the sludge concentration index.
When the sludge concentration is low, the adsorption capacity
of sludge to organic matters decreases, the deposition of
organic matters on the membrane surface increases, and the
membrane pollution increases [4].

(2) Sludge particle size

The particle size of sludge is also an important factor that
determines the membrane pollution, which is negatively
correlated with the particle size of sludge [5]. When the
particle size of sludge is small, it is easy to immerse in the
membrane surface. After many times of deposition, the
resistance of filter cake layer will increase and the membrane
pollution will increase.

(3) Soluble microorganism

Soluble microorganisms have a negative correlation with
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membrane pollution. Compared with extracellular polymers,
soluble microorganisms are easier to accumulate in MBR.
With the increase of soluble microbial concentration,
membrane pollution is more serious.

(4) Sludge viscosity

Sludge viscosity is positively correlated with membrane
fouling. Tao [6] and others believe that the increase of sludge
EPS production will increase the viscosity of activated sludge,
resulting in serious membrane pollution.

(5) Zeta potential of sludge

Zeta potential of sludge is an important parameter to
characterize sludge electrification performance, and
membrane fouling is negatively correlated with zeta potential
of sludge [7].

(6) Hydrophilicity and  hydrophobicity  between
membranes
The hydrophilicity and hydrophobicity  between

membranes is an important factor affecting membrane fouling,
which is negatively correlated with the hydrophilicity and
hydrophobicity between membranes.

2.2. Common control methods

The key factor causing membrane pollution is membrane
flux, so the prevention and control of membrane pollution are
mostly carried out around solving the problem of membrane
flux. Among them, chemical cleaning and physical cleaning
are the most widely used. Physical cleaning includes online
air cleaning and online backwash. This is a relatively simple
cleaning method [8,9]. The existing equipment blower and
backwash pump are used for direct cleaning. If the physical
cleaning effect is not good, chemical cleaning should be used.
Chemical cleaning is to add chemicals for cleaning, Acidic
agents (hydrochloric acid, sulfuric acid, citric acid, etc.) for
organic pollution and alkaline agents (sodium hypochlorite,
caustic soda, etc.) for inorganic pollution are better than
physical cleaning [10].

3. Intelligent detection system for me--

mbrane pollution

3.1. Intelligent detection system settings

The intelligent detection system is used for online



monitoring of membrane permeability in a real sewage
treatment plant using MBR technology [11]. The MBR
sewage treatment process includes anaerobic tank, anoxic
tank and aerobic tank. First of all, pre-treatment is carried out
to screen and precipitate the pollutants in MBR. The
biological reaction tank includes anaerobic tank, anoxic tank
and aerobic tank. On the basis of the MBR system, the MBR
system is equipped with a collection sensor and mixer for
process variables to ensure the full mixing of the mixture full
mixing of the mixture. Acknowledgment.

The data of water treatment can be obtained by connecting
the intelligent detection system with sensors. The intelligent
detection system consists of four parts: data acquisition
module, real-time data transmission module, online
prediction module and real-time display module. The data
acquisition module is used to obtain the value of process
variables from the sensor. The real-time data transmission
module is used to transfer data from the sensor to the local
programmable logic controller (PLC). Due to its small size
and convenient installation, the protocol converter is used as
the communication channel of the data transmission module.
The online prediction module aims to predict the pollution
through the membrane flux based on soft computing [12-15].
The real-time display module has an extremely effective role,
allowing the system administrator to monitor the membrane
pollution status online and take appropriate actions.

3.2. PLSR parameter selection

PLSR (Partial Least Squares Regression) is a linear
regression modeling method, which can make a richer and
more detailed interpretation of the model [16] This paper
selects PLSR method to screen variables, with the purpose of
selecting the factors that have the strongest impact on the
output parameters and screening out the factors that have the
smallest impact on the output parameters, so as to reduce the
dimension of the data set, reduce the calculation amount and
improve the accuracy of membrane pollution detection[16-
18].

(1) preprocess the analysis variables to obtain the
standardized order of magnitude.
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In formula (3-1), and are the eigenvectors of the largest
eigenvalues of the symmetric matrices X and Y, and the first
pair of principal components of X and Y are calculated
according to the eigenvectors of the largest eigenvalues.
Regression modeling of principal components of X and Y
according to formula (3-2)

(2) The linear regression equation is constructed after the
internal relationship is established through PLSR.

The linear regression equation between and is shown in
equations (3-3) and (3-4), where is the regression coefficient
between and.
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(3) The predicted fitting value of the new sample is
obtained, and the number of extracted components is
determined by the cross-degree criterion.

vy = xb% + ¢

(5)
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The prediction fitting value formula of the new sample j
M) based on all samples is shown in formula (3-5),
where is the process vector of sample j, is the regression
coefficient variable, and is the offset. The final number of
extracted components is determined by the cross-validity
criterion according to Formula (3-6), where h is the extracted
fraction. When<0.075, the model meets the accuracy
requirements, the algorithm will be stopped.

(6)

4. Conclusion

Membrane bioreactor has been widely used to treat
wastewater from wastewater treatment plants [19]. In the
application of sewage treatment, rapid and accurate
membrane flux prediction can monitor the situation of sewage
treatment in real time, monitor the change of MBR in advance,
and timely replace or clean the membrane when the
membrane flux decreases, which can better predict the
performance of MBR sewage treatment [20]. The intelligent
detection system used in this paper can monitor the conditions
of various parameters in MBR in real time, and can predict
the situation of membrane pollution in advance. In addition,
the system is cheap, with light calculation burden, and can be
widely used
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