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Two membrane bioreactors (MBRs) with different operation conditions were employed to investigate the
role of dissolved organic matter (DOM) in membrane fouling. DOM characteristics and their correlations
with membrane fouling in the MBR systems were studied by using three-dimensional excitation-emission
matrix (EEM) fluorescence technology, gel filtration chromatography (GFC) analysis, and column chro-
matographic method for DOM fractionation, etc. The three-dimensional EEM fluorescence spectroscopy
analysis indicated that the fluorescence intensity of protein-like peaks in DOM samples collected from
the MBR zones showed positive correlations with membrane fouling. The fluorescence spectra of mem-
brane foulants also exhibited two protein-like peaks, confirming that proteins played an important role
in membrane fouling. The DOM samples collected from MBR zones were fractionated into four com-
ponents, i.e., hydrophobic (HPO), transphilic (TPI), charged hydrophilic (HPI-C) and neutral hydrophilic
fractions (HPI-N). It was found that HPI-N was the most abundant fraction in all the samples, accounting
for 42.0-48.9% of the total DOM. Test results also showed that HPI-N had the highest fouling poten-
tial, which could be attributed to the high molecular weight (MW) distribution and the high membrane
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1. Introduction

Membrane bioreactor (MBR) has been used for decades in
wastewater treatment and reclamation as a modification of the
conventional activated sludge (CAS) process, which separates the
effluent and activated sludge by filtration instead of sedimentation.
MBR process offers the extra advantages over conventional treat-
ment technology such as a smaller footprint, less sludge production,
better effluent quality, etc. [1-3]. However, membrane fouling
remains the primary obstacle limiting the widespread application
of MBRs [4,5].

Dissolved organic matter (DOM) is ubiquitous in surface water
and sewage, and have been a major concern in water and wastew-
ater treatment systems. DOM was widely reported to be the main
cause of membrane fouling in drinking water treatment by micro-
filtration (MF) and ultrafiltration (UF) of surface waters [6-9]. In
biological wastewater treatment, DOM, of which the majority is
soluble microbial products (SMP), affects both the kinetic activ-
ity and flocculating properties of activated sludge [4]. Along with
the increase of MBR applications in wastewater treatment, the
influence of dissolved organic fractions in mixed liquors on MBR
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performance has attracted more attention recently [3,10,11]. Since
the concentration of sludge in MBR systems is several magnitude
orders higher than DOM, it was considered to be a key factor
influencing membrane fouling [12,13]. However, the relative con-
tribution of DOM to membrane fouling has been reported in the
range of 26-52%[2,14,15]. DOM originated from biological wastew-
ater treatment process may include organic compounds of different
groups, such as carbohydrates, proteins and more biologically resis-
tant components known as fulvic and humic acid materials [16,17].
Several researchers have reported that polysaccharide-like sub-
stances contributed to fouling more significantly than protein-like
substances [11,18], while Hernandez Rojas et al. [19] found that
the concentration of proteins in SMP showed significant influences
on membrane fouling in terms of the specific resistances increase.
With a smaller molecular weight (MW), humic acid substances con-
tained in the liquid phase could not be retained by the membrane,
and therefore may not significantly participate in MBR fouling [20].
However, the importance of humic acid substances to membrane
fouling has also been reported recently. Liang and Song [3] found
that aquatic humic acid substances were the major component of
DOM responsible for membrane fouling in MBRs. Those controver-
sial reports make it hard to understand the DOM characteristics,
in particular the characteristics of fractional DOM components.
Researches on the correlations of DOM fractions with membrane
fouling have been carried out in drinking water treatment [6,7];
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however, the information about the influence of fractional DOM on
membrane fouling in MBRs for wastewater treatment is still lim-
ited. Therefore, it is very essential to study the different roles that
the various DOM fractions play in MBR fouling and to achieve a
better understanding of DOM properties in MBRs.

The purpose of this study is, therefore, to obtain more detailed
characteristics of DOM and their corresponding role in mem-
brane fouling in MBR systems. DOM samples collected from
MBRs under different operating conditions were characterized by
three-dimensional excitation-emission matrix (EEM) fluorescence
spectroscopy and gel filtration chromatography (GFC). In particular,
DOM samples were fractionated into four components on the basis
of hydrophobic/hydrophilic property and charge by column chro-
matographic method, and the characteristics of the each fractional
DOM component were further examined and analyzed.

2. Materials and methods
2.1. Experimental setup and operation conditions

Two identical pilot-scale MBRs each with an effective volume
of 58.6 L were used in this study (Fig. 1). Each MBR consisted of
four zones, i.e., anaerobic zone (8.0L), anoxic zone (15.3L), alter-
able zone (7.3 L) and MBR zone (28.0 L). The MBR zone was installed
with two 0.2 wm polyvinylidene fluoride (PVDF) flat-sheet mem-
brane modules (SHZZ-MF, Zizheng Environmental Inc., Shanghai,
China). The effective filtration area of each module was 0.175 m2.
Aeration was provided at the bottom of the MBR zone in order
to supply oxygen for microorganisms and to induce a cross-flow
velocity along membrane surfaces for membrane fouling control.
The dissolved oxygen (DO) concentration in the MBR zone and other
zones were kept in the range of 1-3 mg/L and <0.2 mg/L, respec-
tively. An aeration diffuser together with a stirrer was located at
the alterable zone to achieve different operation modes. The first
operation mode could be obtained by turning off the aeration and
switching on the stirrer of the alterable zone, and the second oper-
ation mode was achieved when the aeration on and the stirrer off.
Mixed liquors of the MBR zone and the alterable zone were recycled
to the anoxic zone (recirculation I) and the anaerobic zone (recir-
culation II), respectively. Different operation runs were obtained
by changing the sludge retention time (SRT), hydraulic retention
time (HRT), aeration mode and recycle rate. The detailed operating
conditions of the four runs are summarized in Table 1. A tempera-
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Fig. 1. Flow diagram of the MBR setup.

Table 1

Operation conditions of four MBR runs.
Run 1 2 3 4
SRT (d) 60 60 60 40
HRT (h) 10.2 10.2 8.2 10.2
Rate of recirculation I 3 3 2 2
Rate of recirculation II 1 1 0.5 0.5
3Aeration mode 1 1 2 1
Temperature in MBR phase (°C) 7.3-26.1 18.2-22 9.4-238 9.5-23.8
MLSS in MBR phase (g/L) 3.7-7.6 4.5-59 73-11.0 4.5-8.1

2 1 and 2 means that the alterable zone was operated under the first operation
mode and the second operation mode, respectively.

ture controller was set in the MBR in Run 2 to provide a constant
operation temperature of 20+ 2°C, while other runs were oper-
ated under temperature seasonal change. A pump was used to
withdraw the effluents through the membrane at a filtration-to-
idle ratio of 8 min/2 min. The MBRs were operated under constant
flux mode, and the trans-membrane pressure (TMP) was moni-
tored with a pressure gauge. Chemical cleaning-in-place procedure
(0.5% (v/v) NaClO solution, 2 h duration) would be carried out if the
TMP reached about 30 kPa during the operation. The influent to the
experimental setup was municipal wastewater, and the character-
istics of the wastewater are as follows: COD 297.6+ 113.0 mg/L,
TN 48.94+ 10.4 mg/L, NH3-N 30.8 £ 8.4 mg/L and TP 5.32 + 1.4 mg/L
(number of measurements: n=39).

2.2. Collection and pre-treatment of membrane foulants

The fouled membrane modules were taken out from the biore-
actor at the end of each operation cycle when the TMP reached
about 30kPa. The gel layer on the membrane surfaces was care-
fully scraped off by a plastic sheet and simultaneously flushed
with deionized (DI) water. The collected sample was placed on
a magnetic blender (Model JB-2, Leici Instrument Inc., Shanghai,
China) and well mixed. The DOM sample of membrane foulants was
obtained by filtering the mixed liquor through a 0.45 wm polyether-
sulfone (PES) membrane filter (Gelman Supor 450, Pall Corporation,
USA).

2.3. DOM fractionation method

DOM samples of the influent wastewater and the mixed liquors
of MBR zones were obtained by filtering those samples through
a 0.45 pm PES membrane filter (Gelman Supor 450, Pall Corpora-
tion, USA). The effluent water was also filtered through the PES
membrane filter to obtain the effluent DOM. The fractionation pro-
cedure was carried out according to the method described by Park
et al. [21] and Dong et al. [6]. All the DOM samples were adjusted
to pH 2, and adsorbed by DAX-8 (Supelco Company, PA, USA) and
XAD-4 resins (Amberlite, Rohm & Hass Company, PA, USA) sequen-
tially. The hydrophobic (HPO) and transphilic (TPI) fractions were
obtained by eluting the DAX-8 and XAD-4 resins with 0.1 M NaOH
solution, respectively. The effluent of XAD-4 was adjusted to pH
8 and fed onto Amberlite IRA-958 resin (Amberlite, Rohm & Hass
Company, PA, USA), which retained the charged hydrophilic (HPI-
C) fraction. This fraction was eluted with a NaOH/NaCl mixture. The
remaining neutral hydrophilic (HPI-N) fraction was not adsorbed
by any of the resins.

2.4. Fouling potential test

Fouling potential was measured with a dead-end filtration appa-
ratus as described by Shen et al. [22]. The DOC concentration of
the fractionated components was adjusted to 5 mg/L with milli-Q
water (Milli-Q Gradient, MILLIPORE, USA) and the pH was adjusted
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to 7 with hydrochloric acid and NaOH solution before the fouling
potential tests. The membrane employed in the fouling potential
tests was the same as the membrane used in the MBR runs. Each
of the new membrane was soaked in DI water for 24 h and further
cleaned through filtering 300 mL DI water to remove any impurities
prior to measuring the fouling potential of the samples. The TMP
was kept at 30kPa by a vacuum pump during the test. Filtration
resistance caused by DOM (R¢) was calculated according to Eq. (1).

Rt = R¢ + Rm (1)

where R; is total membrane resistance (m~1), Ry, intrinsic resis-
tance of the new membrane (m~!). Rf and Ry, were calculated by
the following equation:

TMP
J="x (2)
where p is the permeate water viscosity (Pa s),J the membrane flux
(m3/(m? h)) and R the filtration resistance (m~1).

The filtrated volume and filtration time were recorded in order
to calculate J according to Eq. (3). Ry and R; were obtained by

filtrating DI water and the DOM samples, respectively.

AV
J: m (3)

where AV is the filtration volume (m?3), At the filtration time (s)
and A the membrane area (m?2).

2.5. Analytical methods

Measurements of chemical oxygen demand (COD), total nitro-
gen (TN), total phosphorus (TP) and ammonia (NH3-N) in the
influents and membrane effluents, mixed liquor suspended solids
(MLSS) in the system were performed according to the Chinese
NEPA standard methods [23]. The DO concentration in the reac-
tor was measured by a dissolved oxygen meter (Model YSI 58,
YSI Research Inc., OH, USA). The dissolved organic carbon (DOC)
was analyzed by a total organic carbon (TOC) analyzer (LiquiTOC
trace, ELEMENTAR, Germany). Carbohydrate concentration was
measured according to the phenol-sulfuric acid method [24] with
glucose as the standard reference, whereas the modified Lowry
method [25] was used for protein determination with bovine serum
albumin (BSA) as the standard reference.

The three-dimensional EEM fluorescence spectra were mea-
sured using a luminescence spectrometry (F-4500 FL spectropho-
tometer, HITACHI, Japan). The EEM spectra were collected with
the scanning emission spectra from 200nm to 500 nm at 5nm
increments by varying the excitation wavelengths from 200 nm
to 400 nm at 5nm sampling intervals. The excitation and emis-
sion slits were maintained at 10 nm and the scanning speed was
set at 1200 nm/min for this study. The EEM spectra are plotted as
the elliptical shape of contours. The X-axis represents the emission
spectra while the Y-axis indicates the excitation wavelength, and
the third dimension, i.e., the contour line, is shown to express the
fluorescence intensity at an interval of 5.

The MW distribution of the DOM samples were measured by
GFC analyzer, which consisted of a TSK G4000SW type gel col-
umn (TOSOH Corporation, Japan) and a liquid chromatography
spectrometer (LC-10ATVP, SHIMADZU, Japan). Polyethylene gly-
cols (PEGs) (CAS number: 25322-68-32, Merck Chemicals Inc.,
Germany) were used as standards for calibration. The elution at
different time intervals was collected by an automatic fraction col-
lector and automatically analyzed by using a UV spectroscope and
a dissolved organic carbon (DOC) analyzer to obtain a MW distri-
bution curve.

Table 2

Effluent water characteristics of MBR runs (mg/L)?.
Run CoD TN NH3-N TP
1 21.5+9.0 13.3+5.0 0.93+2.30 22+03
2 23.8+6.6 11.3+£3.8 090+1.23 3.1+09
3 22.1+164 14.2+43 0.54+1.7 23+1.1
4 22.4+34.2 (10-56) 11.1+6.4 0.78+1.6 2.0+1.1

2 Values are given as mean value + standard deviation; number of measurements:
n=15(Run 1 and run 2), n=24 (Run 3 and Run 4).

3. Results and discussion
3.1. MBR process performance

Table 2 summarizes the average effluent water characteristics
of the four runs. It can be seen that the removal of COD, TN and
NH3-N was quite successful in all the four runs, and the TP was
reduced by 42-59%. It should be noted that Run 1 and Run 2 were
operated under the same conditions except temperature. The aver-
age temperature in MBR zone of Run 1 was only 11.9°C while it
was kept at 204+2°C in Run 2 by using a temperature controller.
The effluent TN concentration of Run 2 was lower than that of Run
1, which confirmed that temperature influenced the removal effi-
ciency of nitrogen. It was reported that nitrification activity could
be depressed under low temperature operation in the nitrogen
removal process [26]. However, effluent NH3;-N was not varied
significantly under low temperature in our study, while higher
concentration of nitrate of Run 1 was detected compared to Run
2, indicating that the restriction step of the nitrogen removal was
denitrification at low temperature. The TP removal was not obvi-
ously improved either by the temperature increase in Run 2 or the
decrease of SRT in Run 4, which might be due to the fact that the
SRT of 40 d was still too long for biological removal of TP.

The variations of TMP during the MBR runs are shown in Fig. 2.
The fouling rate was determined by the TMP increase rate per
unit time. In order to compare the overall fouling behaviour of the
four runs, the TMP increase rate in a run was averaged among all
the cycles during the experiment. The order of fouling rate was
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Fig. 2. Variations of TMP during the experiments.
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Fig. 3. Variations of EEM fluorescence spectra of DOM in MBR process (Run 1).

Run 3 (0.77 kPa/d)<Run 4 (1.40kPa/d) <Run 1 (1.46 kPa/d) <Run 2
(2.13 kPa/d). Run 3 demonstrated best filtration performance while
membrane fouling occurred most rapidly in Run 2 even though it
was operated under higher temperature. This could be owing to
the different DOM characteristics under different operation condi-
tions, which will be discussed in detail in the following sections.
It is worth noting that temperature did have an influence on TMP
variations and thus membrane fouling rate. The temperature also
affected the DOM variations. In this study, we operated the MBRs at
various temperature and operational conditions in order to observe
the correlations between variation of TMP and the variation of
DOM. The variation of temperature between runs was designed by
us, i.e., Run 2 was controlled by a temperature controller, and other
runs were operated naturally (the seasonal temperature change
will induce the temperature variations in the MBR). Other factors
might also influence the membrane fouling rate, e.g., the various

MLSS concentration. The difference of the MLSS concentration in
the four runs could also contribute the difference of DOM in the four
runs. It is also reported that DOM plays an important role in mem-
brane fouling of MBRs under sub-critical flux operation compared
to MLSS [3,4].

3.2. Three-dimensional EEM fluorescence spectroscopy

The typical three-dimensional EEM fluorescence spectra of DOM
samples during the treatment process in Run 1 are illustrated in
Fig. 3, including DOM of the anaerobic, anoxic, alterable and MBR
zone together with the influent and effluent DOM (similar EEM
spectra were obtained in other three runs and not shown here). Two
main fluorescence peaks could be identified from the EEM fluores-
cence spectra of all the DOM samples. Peak A was detected at the
excitation/emission wavelengths (Ex/Em ) of 235-240/340-355 nm,
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Fig. 4. (a) Fluorescence intensity of DOM MBR phase of different runs (n=2) and (b) concentration of carbohydrate and protein in DOM (n=6).

while Peak B was located at the Ex/Eyn of 280-285/320-335 nm.
The two peaks have been ascribed to protein-like substances in
which the fluorescence was associated with the tyrosine (Peak A)
and tryptophan (Peak B), respectively [27,28]. A minor peak (Peak
C) with Ex/Ep, at 310-315/400-420 nm was also observed for most
of the samples. This peak has been reported to be associated with
humic acid-like substances [28,29].

Contour lines in the spectra are illustrated to indicate the
fluorescence intensity, and thicker contour lines indicate higher
fluorescence intensity. The fluorescence intensity of Peak A and B
inDOM of the anaerobic zone was much lower than that of the influ-
ent DOM, while the changes were not significant from the anaerobic
zone to the MBR zone. The fluorescence intensity of Peak A and
Peak B was reduced slightly after membrane filtration, suggesting
that the membrane could retain, to some extent, protein-like sub-
stances. However, the intensity of Peak C, related to humic acid-like
substances with low biodegradability, was stable in the treatment
process.

Location of the peak was another parameter indicating the
characteristics of the DOM. The location of Peak A was gradually
red-shifted by 5-10 nm during the treatment process. Compared to
the influent DOM, Peak B of DOM in the anaerobic zone was blue-
shifted by 15 nm along the excitation axis, while no change of the
location was observed in DOM of the subsequent biological treat-
ment zones and the effluent DOM. A slight red shift along emission
axis of Peak C was also observed. A red shift is related to the pres-
ence of carbonyl-containing substituents, hydroxyl, alkoxyl, amino
groups and carboxyl constituents [29,30], while a blue shift is asso-
ciated with decomposition of condensed aromatic moieties and the
break-up of the large molecules into smaller fragments, such as a
decrease in the number of aromatic rings, a reduction of conjugated
bonds in a chain structure, a conversion of a linear ring system to a
non-linear system or an elimination of particular functional groups
including carbonyl, hydroxyl and amine [31,32]. The shifts of Peak
A and Peak B locations indicated that besides the concentration,
the structure of protein-like substances also changed in the MBR
systems. The protein-like substances in the influent wastewater,
which might exist as large aromatic molecules, were degraded into
small molecules, corresponding to the blue shift of Peak A and the
red shift of Peak B.

The fluorescence intensity of three peaks of DOM in the MBR
zone of the four runs was compared (Fig. 4(a)). It could be observed
that the fluorescence intensity of Peak A and Peak B was positively
related to the membrane fouling rate, i.e., Run 3 (0.77 kPa/d) < Run
4 (1.40kPa/d)<Run 1 (1.46 kPa/d)<Run 2 (2.13 kPa/d). It indicated
that protein-like substances in DOM played an important role in
membrane fouling. The fluorescence intensity of Peak C, which was
much lower than that of Peak A and Peak B, also had a similar trend
with the fouling rate, suggesting that humic acid-like substances
also contributed to membrane fouling. It should be pointed out

that other factors, e.g., MLSS, temperature, etc., could also influ-
ence the membrane fouling rate. As discussed earlier, the DOM may
play a more important role in MBRs under sub-critical flux oper-
ation compared to MLSS [3,12]. The fluorescent intensity of peaks
in DOM obtained in our study could indicate the membrane foul-
ing behaviour in MBRs, which also supported that the DOM had
significant correlations with membrane fouling.

Many reports considered that carbohydrates were a more
important factor causing membrane fouling than protein and
humic acid-like substances [11,18]. Herzberg et al. also reported
that the carbohydrates induced more severe fouling of reverse
osmosis (RO) membranes compared to proteins [33]. However, the
concentration of carbohydrates determined by the phenol-sulfuric
acid method [24], as shown in Fig. 4(b), had no obvious correla-
tions with fouling rate (Run 3 <Run 4 <Run 1 <Run 2) in this study.
The concentration of proteins in four runs correlated to fluores-
cence intensity and membrane fouling rate except the relationship
between Run 3 and Run 4. The differences between our study and
other researchers’ reports could be due to the various influent
wastewater and membrane materials employed during the exper-
iments. Other operational parameters could also exert influences
on DOM characteristics, e.g., shear stress was found to induce the
increase of proteins in an MBR but without obvious influences on
carbohydrates in the mixed liquor [34]. The modification of mem-
branes could also vary the contribution of proteins to membrane
fouling and was beneficial to control membrane fouling of proteins
and other polymeric substances [35].

250 300 350 400 450 500
Em (nm)

Fig. 5. EEM fluorescence spectra of dissolved membrane foulants.
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Fig. 6. Fractional components of DOM in MBR phase of different runs.

The EEM fluorescence spectra of dissolved membrane foulants
in Run 1 are shown in Fig. 5 (similar EEM profiles of membrane
foulants were obtained in other three runs and not shown here).
Compared to the fluorescence spectra of DOM in the MBR zone,
Peak A exhibited a blue shift by 10-15nm and Peak B was red-
shifted along emission axis by 10 nm, indicating that the protein
structure of DOM in foulants was different from that of the DOM in
the MBR zone. Peak C was found to be almost neglected in the mem-
brane foulants, implying that humic acid-like substances caused
membrane fouling mainly by adsorbing into membrane pores (pore
blocking) rather than by accumulating onto the membrane surface
to form a fouling layer.

3.3. DOM fractionation

The concentrations of DOM fractions, in terms of DOC, are shown
in Fig. 6. For all the DOM samples collected from MBR zones in
the four runs, HPI-N component was found to be the most abun-
dant fraction, accounting for 42.0-48.9% of the total DOM. The HPO
fraction was the second largest portion, accounting for 19.7-24.2%,
which was less than the reported results of 43.8-65.7% in MBR
systems treating synthetic municipal wastewater [3]. This could
be attributed to the different wastewater used in our study (real
municipal wastewater) and their study (synthetic wastewater).

More detailed research was carried out in order to obtain a better
understanding of the characteristics of each DOM fraction, includ-
ing the fouling potential of fractional components (Fig. 7(a)) and
MW distribution (Fig. 7(b)). The order of the fractional compo-
nent fouling potential in terms of increase of filtration resistance
was found to be HPI-N>HPO > TPI > HPI-C. The fractional compo-
nent HPI-N in DOM had strongest fouling potential in the MBRs,
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Fig. 8. Variations of DOM fractions in MBR systems.

which is in good agreement with the findings that were obtained in
microfiltration of natural organic matter (NOM) in surface waters
[36]. HPO component, predominantly humic acids, was reported
as a major fouling factor in membrane filtration systems for sur-
face water treatment as well [7,8]. In our study, HPO fraction also
demonstrated significant fouling propensity in the MBR systems.
It could be observed that HPI-N component had higher content of
much larger MW organic molecules compared with other fractional
components. MW of the HPI-N component mostly (about 99%) dis-
tributed in the range of over 10,000 Da, while the most of HPI-C
had a MW lower than 1000 Da. The MW of HPO fraction was a little
larger than that of TPI fraction, and the two components had the
most abundant MW distribution between 1000 and 10,000 Da. The
high fouling potential of HPI-N fraction could be attributed to large
MW and the neutral characteristics that made it easy to foul and
adsorb on membrane surfaces [36]. The MW of HPO and TPI frac-
tion was found to be larger than that of HPI-C component in the
MBR systems in our study, and these findings are consistent with
the reported research on NOM fractional components in surface
water treatment [9,37]. HPO and TPI fractions, which had larger
MW distribution compared to HPI-C, demonstrated higher fouling
potential than HPI-C (see Fig. 7(a)).

It has been reported that the rejection or retention of organic
matter by membranes plays an important role in membrane fouling
in ultrafiltration process for surface water treatment [37]. In order
to better understand DOM rejection characteristics and related
fouling mechanisms in MBR systems, the variations of fractional
DOM concentration during the treatment process were analyzed
and shown in Fig. 8. It could be observed that fractional DOM
was reduced gradually from the influent DOM to DOM in MBR
phase to the effluent DOM in the MBR systems, which indicated

Molecular weight (Da)

Fig. 7. (a) Filtration resistance variations of DOM fractions and (b) MW distribution curves of DOM fractional components.
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Fig. 9. EEM fluorescence spectra of different DOM fractions.

that the fractional DOM was firstly degraded by microorganisms
and then rejected by fine pores of membranes. The HPI-N fraction
with a reduction rate of 45.5% showed the highest biodegrad-
ability among the DOM fractions, followed by HPO (reduction
rate 32.3%), HPI-C and TPI. Membrane rejection of HPI-N was
also more remarkable compared with other fractions, which was
mainly due to HPI-N’s high MW distribution. It is worth noting
that although the membrane rejection rate of HPI-C was higher
than HPO and TPI fractions, the HPI-C fraction had the lowest
fouling potential (see Fig. 7(a)). This might be attributed to the
charge repulsion between the charged DOM and the charged foul-
ing layer formed on membrane surfaces, which needs further
investigating.

EEM fluorescence spectra (Fig. 9) of fractional DOM were ana-
lyzed in our study in order to clarify the compounds present in
the various DOM fractions. A fluorescence peak (Peak D), which
was reported to be associated with fulvic acid-like substances [29],
was detected at the Ex/En of 245/400-435nm in the HPO and
HPI-N fractions. Aromatic protein-like substances (Peak A), trypto-
phan protein-like substances (Peak B), humic acid-like substances
(Peak C) and fulvic acid-like substances (Peak D) were present in
HPO fraction, while there was a lack of Peak A in the EEM spec-
tra of HPI-N fraction. Only two main peaks (Peak A and Peak B)
were observed in the EEM spectra of TPI and HPI-C fractions, and
fluorescence intensity of Peak B was larger than that of Peak A, sug-
gesting that tryptophan protein-like substances were dominant in
the two fractions compared with aromatic protein-like substances.
The interactions among a mixture of the various compound types
and combined effects of the compounds in HPO and HPI-N fractions
might explain why the two fractions had higher fouling potential
than TPI and HPI-C fractions, which is consistent with the research
carried out by Gray et al. [38] in the microfiltration process for
surface water treatment.

4. Conclusions

DOM characteristics and their role in membrane fouling in
MBR systems were studied by using three-dimensional EEM flu-
orescence technology, GFC analysis, and column chromatographic
method for DOM fractionation, etc. Based on this study, the follow-
ing conclusions could be drawn.

(1) Three obvious fluorescence peaks were detected in the DOM
of the MBR systems. Two main peaks were associated with
protein-like substance and the third was attributed to humic
acid-like substance. The fluorescence intensity of Peak A and
Peak B was reduced by the biological treatment and membrane
rejection, while Peak C was relatively stable in the process.

(2) The fluorescence intensity of protein-like peaks in DOM col-
lected from MBR zones of four runs was found to be positively
related to the membrane fouling rate. The protein concentra-
tion measured by traditional methods confirmed the important
role of protein in membrane fouling, while the concentration of
carbohydrate showed no obvious trend with membrane fouling
rate. Moreover, Peak A and Peak B were also detected in fluo-
rescence spectra of membrane foulants, indicating protein-like
substance accumulated on the membrane surfaces to induce
membrane fouling.

(3) DOM samples were fractionated into four components, i.e.,
HPO, TPI, HPI-C and HPI-N, on the basis of hydrophobic-
ity/hydrophilicity and charge. HPI-N and HPO components
were found to have higher fouling potential than the other two
fractions. HPI-N, which was the most abundant fraction in all
the samples, showed the largest MW distribution and fouling
rate. Meanwhile, HPI-N showed the highest biodegradability
and membrane rejection rate, which correlated with its high
fouling potential.
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