
International Journal of Oceanography & Aquaculture
ISSN: 2577-4050MEDWIN PUBLISHERS

Committed to Create Value for Researchers

A Review on Reverse Osmosis Membrane Fouling Diagnosis Int J Oceanogr Aquac

A Review on Reverse Osmosis Membrane Fouling Diagnosis

Mu Liu* 
Green Tech Environmental Co., Ltd, China
 
*Corresponding author: Mu Liu, Green Tech Environmental Co., Ltd, Beijing 100102, China, 
Email: 13426315106@163.com 

Mini Review 
Volume 7 Issue 2

Received Date: May 11, 2023

Published Date: May 19, 2023 

DOI: 10.23880/ijoac-16000238

Abstract 

During long-term operation, reverse osmosis (RO) membrane fouling is an inevitable occurrence that leads to a decline in 
membrane performance. When the water quality fails to meet specific application requirements, it becomes necessary to 
replace the deteriorated membranes. Membrane autopsy is widely recognized as the most direct and effective method for 
studying and identifying membrane fouling. By analyzing the results of membrane autopsy and membrane fouling diagnosis, 
valuable insights can be gained to optimize the operation of the membrane system, maintain the membrane elements through 
regular routines, and restore membrane performance. However, the current practice of membrane autopsy and the study 
of membrane fouling diagnosis lack a systematic and comprehensive approach. This paper aims to address these gaps by 
introducing various analytical methods for membrane fouling, discussing the existing challenges in practical applications, and 
reviewing the diagnosis of fouling composition. These findings are expected to shed light on understanding the mechanisms 
and control methods of membrane fouling, and ultimately enhance the operation of membrane systems.
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Abbreviations: RO: Reverse Osmosis; LOI: Loss On 
Ignition; SEM: Scanning Electron Microscope; EDS: Energy 
Dispersive Spectroscopy; AFM: Atomic Force Microscopy; 
FTIR: Fourier Transform Infrared Spectroscopy; ATR-FTIR: 
Attenuated Total Reflection-Fourier Transform Infrared 
Spectroscopy; XPS: X-Ray Photoelectron Spectroscopy; 
NMR: Nuclear Magnetic Resonance; CA: Contact Angle; 
RBS: Rutherford Backscattering Spectrometry; GC-MS: 
Gas Chromatography-Mass Spectrometry; CLSM: Confocal 
Laser Scanning Microscope; IC: Ion Chromatography; DOC: 
Dissolved Organic Carbon.

Introduction

Reverse osmosis (RO) membrane technology, as a 
commonly used technology in water treatment processes, 
has been increasingly applied in fields such as desalination of 

brackish water, seawater desalination, industrial wastewater 
treatment, and municipal wastewater treatment. However, 
during the long-term operation of the membrane, the surface 
will inevitably be contaminated by substances such as 
colloids, microorganisms, impurity particles, and insoluble 
salts [1-3]. Membrane fouling is the main influencing factor 
for the decline of membrane performance, therefore, the 
prediction and diagnosis of membrane fouling is the key to 
understanding the degree of membrane fouling, studying the 
mechanism of membrane fouling formation, and preventing 
membrane fouling.

Membrane dissection is an effective method for 
understanding the degree of membrane fouling and analyzing 
the causes of membrane fouling. Although this method 
requires destructive disassembly of membrane components, 
it can provide a more accurate and comprehensive analysis of 
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membrane fouling. Membrane dissection analysis is currently 
the most intuitive and effective method for studying and 
determining membrane fouling [4,5]. After offline detection, 
membrane dissection, and other characterization tests of 
membrane components, the membrane fouling diagnosis 
conclusions obtained from the dissection results can be used 
to evaluate the membrane fouling status and the degree of 
membrane performance loss, thereby providing effective 
basis for daily maintenance of membrane components, 
optimization of membrane system operation, and membrane 
performance repair [5,6]. Therefore, this review first 
classifies and summarizes the commonly used membrane 
pollution diagnosis and analysis methods and their functions. 
And it also summarizes the diagnosis of membrane pollution 
components, in order to provide reference for the research 
of membrane pollution mechanism, membrane pollution 
prevention and control, and the improvement of membrane 
system operation.

Diagnostic and Analytical Methods for 
Membrane Fouling

The process of diagnosing membrane components 
mainly includes the selection, detection, and analysis, 
specifically referring to five steps: selection of dissecting 
objects, physical appearance inspection, pre-dissecting 
testing, membrane dissection and internal detection, 
membrane fouling characterization and diagnostic analysis. 

Figure 1 is the flow chart of membrane dissection analysis.

Figure 1: Flow chart of membrane component dissection 
analysis.

To determine the type of fouling of membrane 
components, it is necessary to conduct experimental testing 
and structural characterization analysis on the contaminated 
membranes and pollutants collected after dissection, and it 
usually need to combine the results of influent water quality 
testing [7-10]. According to the characteristics of different 
membrane fouling diagnosis and analysis methods, Table 1 
categorizes and summarizes the different methods and their 
effects by experimental testing, structural characterization, 
and water sample analysis.

Method Name Function

experimental testing

loss on ignition (LOI) Determine the proportion of organic and inorganic pollution based 
on the weight changes before and after burning

acid/alkali test Qualitative analysis of carbonate inorganic or organic pollution

Fujiwara test Determine whether the surface of the contaminated film has been 
oxidized by chlorine or other halogens

structural 
characterization

scanning electron microscope 
(SEM)

Observing the surface morphology and structure of pollutants and 
contaminated membranes

energy dispersive 
spectroscopy (EDS)

Analyze the composition and distribution of pollutants and elements 
on the surface of polluted membranes, and determine the inorganic 

pollution elements

atomic force microscopy 
(AFM)

Observing the surface morphology of the contaminated membrane, 
determining the roughness of the membrane surface and one of the 

factors affecting the membrane’s anti fouling performance
Fourier transform infrared 

spectroscopy (FTIR)
Determine the chemical structure and composition of pollutants, and 

determine the composition of organic pollutants
attenuated total reflection-
fourier transform infrared 
spectroscopy (ATR-FTIR)

Determine the surface functional groups and chemical structure 
composition of the contaminated film

https://medwinpublishers.com/IJOAC/
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X-ray photoelectron 
spectroscopy (XPS)

Analyze the elemental ratio and chemical functional group 
composition structure of pollutants and polluted membrane surfaces

nuclear magnetic resonance 
(NMR)

Characterization of pollutants and surface chemical structure 
composition of contaminated membranes

contact angle (CA)
Determining the hydrophilicity and hydrophobicity of contaminated 
membranes, one of the factors affecting the membrane’s anti fouling 

performance

zeta potential
Measure the surface charge characteristics of the contaminated 
film, one of the factors affecting the anti-fouling performance of 

membranes
Rutherford backscattering 

spectrometry (RBS)
Analyzing pollutants and the elements and chemical structures on the 

surface of contaminated membranes
gas chromatography-mass 

spectrometry (GC-MS) Analyzing the organic pollution components of pollutants

confocal laser scanning 
microscope (CLSM)

Analysis of organic pollution and its distribution on the surface of 
contaminated membranes

pyro sequencing Characterization of microbial pollutant components
16S rDNA sequencing Characterization of microbial community structure

water sample 
analysis

inductively coupled 
plasma-optical emission 

spectrometry/mass 
spectrometry (ICP-OES/MS)

Analyzing the cationic components of inorganic pollutants in water 
samples 

ion chromatography (IC) Analyzing the anionic components of inorganic pollutants in water 
samples

three-dimensional excitation 
emission matrix fluorescence 

spectroscopy (3D-EEM)

Analysis of organic and biological pollutant components in water 
samples

liquid chromatography-
organic carbon detection 

(LC-OCD)

Analyze the composition of organic pollutants in water samples and 
detect the presence of inorganic colloids

dissolved organic carbon 
(DOC) Analyze the total amount of organic matter in the water sample

Table 1: Common diagnostic and analytical methods for membrane fouling.

LOI, SEM, EDS, ATR-FTIR, ICP-MS/OES, IC and so on, are 
the most common diagnostic analysis methods for membrane 
fouling [11-14]. The corresponding types of membrane 
fouling can be determined based on different experimental 
phenomena and characterization results. AFM, XPS, NMR, 
contact angle, zeta potential, and so on, are used as auxiliary 
analysis methods to further understand the structure and 
characteristics of pollutants and polluted film surface [15-
17]. RBS, CLSM, 3DEEM and LC-OCD are methods used for 
membrane pollution diagnosis [18-21], and their test results 

can more accurately determine the type of membrane 
pollution.

A RO membrane fouling diagnosis process is designed 
based on the dissection analysis process and contamination 
diagnosis method. Select the membrane components at the 
inlet and concentrates ends of the first and third sections for 
dissection and analysis. The diagnosis process of membrane 
fouling is as follows Table 2.
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Step Analytical Methods Results

1 Visual appearance 
inspection

2 Standard performance 
testing

Detect the desalination rate and production water flow rate of membrane components. 
The water production and desalination rate of a membrane element are normal. 

However, the water production of the three stage membrane element has severely 
decreased (-54%), and the desalination rate is normal.

3
Destructive disassembly; 
Pollutant detection and 

collection

4 Pollutant detection (SEM; 
FTIR)

Table 2: The diagnosis process of membrane fouling.

Diagnosis of Membrane Fouling Components

Membrane pollution mainly includes four types, 
namely inorganic pollution, organic pollution, biological 
pollution, and colloidal particle pollution [22-25]. Water 
sample detection analysis can determine the pollution 
components and their concentrations in water, and can also 
predict the risk of membrane fouling based on test results. 
However, the water sample detection results cannot truly 
reflect the pollution situation on the membrane surface. 
Membrane dissection analysis can provide effective basis 
for the diagnosis of membrane pollution components 
and degree. Therefore, researchers often use membrane 
dissection analysis to conduct different characterization 
tests on pollutants and contaminated membranes. And then 
determine the specific types and components of membrane 
fouling combined with water sample detection results.

Inorganic Pollution

Inorganic pollution is mainly caused by the gradual 
accumulation of inorganic salts present in water on the 
membrane surface, resulting in the formation of inorganic 
scale. The scaling process of inorganic salts is complex, and 
there are often coprecipitation and interaction of various 
inorganic salts [26,27]. SEM, EDS, XRD and other structural 
characterization methods, as well as acid drop testing on 
the membrane surface, are commonly used for inorganic 

pollution diagnosis. Ruiz-García, et al. [28] conducted a 
dissection analysis of RO membrane components used for 
desalination of brackish water for 11 years. The dissection 
objects were selected from four different positions of 
membrane components, including the first and second 
stages of the reverse osmosis system’s first and last 
branches. Brown sediment can be seen intuitively on the 
first membrane of the first section. Coarse yellow scale can 
be seen on the last membrane of the second section. After 
SEM-EDS characterization and acid dripping analysis on 
the membrane surface, it is concluded that the membrane 
pollutants are mainly inorganic pollution containing calcium 
carbonate and aluminate.

XPS is a commonly used analytical method to characterize 
the elemental composition and chemical structure of 
membrane surfaces, but it can only detect the top of the 
membrane cortex, with a detection depth generally only of 
7nm. RBS can also be used to analyze the composition and 
structure of membrane surface elements, and the detection 
depth of RBS is about 2 µm, which is deeper than the depth 
that XPS can detect. Therefore, RBS can also be used to detect 
the thickness of contaminated layers. Gorzalski, et al. [29] 
used RBS to study the surface pollutants of membranes and 
conducted a dissection analysis of nanofiltration membrane 
components used for 2.5 years of operation in silicon-
containing groundwater treatment. The dissection objects 
were selected as the first and last membrane components of 
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the first and second stage nanofiltration systems. Through 
characterization analysis such as SEM, XPS, RBS, and so on, 
it was found that the membrane pollutants were mainly 
inorganic pollutants containing Fe, Ca, Si, Al, and S elements. 
The Si and Al contents of the first stage membrane element 
were higher, while the Ca pollution of the second stage 
membrane element was heavier.

Organic Pollution

Organic pollution is mainly caused by humus, protein, 
polysaccharide and other organic substances in water. 
The elemental detection results of EDS can determine 
whether the pollutant is organic pollution. Farhat, et al. [30] 
conducted dissection analysis on membrane components for 
brackish water treatment. It found that there were a large 
number of brown pollutants on the surface of the membrane 
components. EDS characterization was performed on the 
contaminated membrane and the pollutants deposited on 
the membrane surface, respectively. The results showed that 
the main elemental composition of the pollutants were C, O, 
and N, indicating that the membrane pollution was mainly 
organic pollution. Although EDS results can be determined 
as organic pollution, they cannot diagnose the type of organic 
pollution.

IR and ATR-FTIR are important characterization 
methods for diagnosing organic pollution types. Researchers 
can judge the corresponding organic compounds based on 
the peak positions of different substances. Zheng, et al. [31] 
carried out an autopsy analysis on the RO membrane used 
for wastewater reuse in fossil-fuel power station. The object 
of the autopsy was the first membrane element of a section 
of RO system used in June, which was heavily polluted. It 
was observed that the collected pollutants were light brown 
loose structure with fishy smell.

In addition to the characterization of pollutants and 
fouling membranes, the results of water sample analysis 
can also diagnose the types of organic pollution. Jeong, et 
al. [32] conducted a dissection analysis of RO membrane 
components used for seawater desalination for 8 years. Three 
different positions of membrane components were selected 
for dissection, located in the front, middle, and rear of the 
primary RO system. A uniform layer of brown sediment can 
be seen on the surface of the contaminated film, with heavy 
pollution on the concentrated water side and inlet side, and 
the least pollution near the production side. According to the 
analysis of water sample test results characterized by LC-
OCD and 3D-EEM, the organic pollutants of the membrane 
are mainly humus substances and small molecule neutral 
substances.

Tang, et al. [33] carried out an autopsy analysis on 
the RO membrane element used for urban sewage reuse 

treatment for two months. The element is located in the first 
section of the RO system. Through LOI, FTIR, DOC, EEM, resin 
separation and other analysis, it was found that most of the 
membrane pollutants were microbial and humus organic 
pollutants containing unsaturated carbon or aromatic rings.

Biological Pollution

Biological pollution mainly refers to membrane 
fouling caused by the adhesion of microorganisms and 
their metabolites on the membrane surface. Although pre-
treatment can effectively remove microorganisms, residual 
microorganisms reproduce rapidly. Biological pollution is 
the most difficult to control membrane fouling in RO systems. 
Moreover, high environmental temperatures can also lead 
to rapid microbial growth, resulting in more significant 
biological pollution of the membrane system in summer 
compared to other seasons.

Xu, et al. [34] conducted a dissection analysis of 
nanofiltration membrane components used for municipal 
wastewater treatment for 3 months, and selected 
membrane components from the first and second stage 
systems for dissection. The microbial community structure 
on the membrane surface was analyzed by 16SrDNA 
high-throughput sequencing. The results showed that 
the dominant bacteria on the membrane surface were 
Proteobacteria and Bacteroides. The microbial community 
diversity of the primary membrane element was higher than 
that of the secondary membrane element, indicating that the 
biological pollution of the primary system was serious.

Colloidal Particle Pollution

Colloidal particle pollution is mainly caused by colloidal 
substances generated in water and particles such as 
deposited clay and sludge, which can easily cause membrane, 
pore blockage and form a filter cake layer. The pollution 
density index (SDI) is commonly used in RO systems to 
determine the degree of colloidal particle pollution in the 
influent of the system, and ultrafiltration is used to pre-treat 
the RO system influent. However, smaller colloidal particles 
cannot be intercepted by ultrafiltration, and these pollutants 
are often adsorbed by the first membrane after entering the 
RO membrane system. Therefore, colloidal particle pollution 
in the membrane system often occurs at the inlet of the first 
membrane element.

Ho, et al. [35] carried out an autopsy analysis on the RO 
membrane of Singapore New Water Plant which has been 
operating for 8 months. It was observed by SEM that there 
was a thick polluted filter cake layer on the surface of the 
polluted membrane. Combined with the characterization 
results of EDS and LC-OCD, it was further proved that the 
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membrane pollutant was mainly calcium phosphate colloidal 
particles.

Collaborative Pollution

The formation of membrane fouling is closely related 
to the water quality conditions of the influent. Therefore, 
for wastewater treatment membranes with complex water 
quality components, membrane fouling usually manifests 
as the synergistic effect of multiple pollutants. Li, et al. 
[36] conducted an autopsy analysis of the first and second 
stage RO membrane components of the brackish water RO 
device in the coal chemical wastewater treatment system. 
For each membrane component sample, randomly select a 
membrane bag and distribute it according to the “nine grid” 
pattern. Membrane samples were cut into 10 cm×10 cm and 
for further analysis. The characterization results of SEM-
EDS, XPS, ATR-FTIR, and 3D-EEM indicated that from the 
first section to the second section along the inflow direction, 
organic pollution was severe throughout the entire process, 
inorganic pollution gradually intensifies, and microbial 
pollution showed a continuous decreasing trend. The 
organic pollutants were mainly proteins, while the inorganic 
pollutants were precipitates formed by Ca, Fe, and Si.

Chon, et al. [37] conducted an autopsy analysis of 
nan filtration membrane elements used for surface water 
treatment as drinking water. The first membrane element 
of the two-stage nan filtration system was selected as the 
dissection object. Combined with IC, ICP, 3D-EEM, SEM-
EDS, ATR-FTIR, zeta potential, contact angle and other 
characterization analysis, the membrane pollutants are 
mainly inorganic pollutants containing Al, Ca, Cu, Fe, Mn, 
Mg, Zn, B, Si elements and organic pollutants containing 
hydrophilic polysaccharides, proteins and hydrophobic 
humus. Sharma, et al. [38] conducted membrane fouling 
analysis on a disc tube RO membrane used for distillery 
lees water treatment for 6 months. From the surface of the 
membrane, it can be seen that the membrane has undergone 
severe fading and has a layer of light red pollutants. Through 
SEM-EDS and AFM analysis of the contaminated membrane, 
combined with FTIR and XRD analysis of pollutants on the 
membrane, it was found that membrane fouling is mainly 
caused by colloidal particles, organic compounds containing 
polysaccharides and amines, and multivalent ions containing 
Ca2+, Mg2+, Fe2+, and SO42-.

Conclusion

LOI, SEM, EDS, ATR-FTIR, ICP, and IC are the most common 
diagnostic analysis methods for organic and inorganic 
pollution. CLSM, Pyrosequencing analysis, 16SrDNA high-
throughput sequencing analysis are common diagnostic 
analysis methods for biological pollution. Combined with 

AFM, XPS, NMR, contact angle, zeta potential and other 
auxiliary characterization, the surface structural composition 
and performance changes of pollutants and contaminated 
films can be further analyzed. RBS, 3D-EEM, LC-OCD and 
other characterization methods have been commonly used 
in the diagnosis and analysis of membrane fouling in recent 
years, and their test results can more accurately determine 
the type of membrane fouling. However, the current practical 
application of membrane dissection analysis will omit most 
of the steps, making the research process not systematic and 
comprehensive. Further improvement is needed to maximize 
the significance and value of membrane dissection analysis.
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