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a b s t r a c t
The influences of the carbon/nitrogen ratio (C/N) on extracellular polymeric substances (EPS) of 
activated sludge were investigated in four laboratory-scale sequencing batch reactors using three- 
dimensional excitation–emission matrix (3D-EEM) with fluorescence regional integration (FRI). 
When the C/N ratio increased from 0 to 15, the polysaccharide (PS), protein (PN), and nuclei acid 
(NA) contents of tightly bound EPS (TB-EPS) increased, the PS, PN, and NA contents in LB-EPS 
at the C/N ratio of 0 obviously higher than the C/N ratio of 5, 10, and 15. According to FRI, the 
C/N ratio had a significant impact on Regions III, IV, and V of EPS, Region V (34%~63%) was the 
dominant fraction in both types of EPS fractions and TB-EPS and LB-EPS contained similar func-
tional groups, furthermore, the percent fluorescence response (Pi,n) of humic acid in TB-EPS was 
dramatically lower than LB-EPS. Meanwhile, a significant decrease of soluble microbial by-product 
of EPS after nitrification was obtained.
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1. Introduction

The activated sludge process is one of the major biolog-
ical wastewater treatment techniques. An undisputed fact 
that extracellular polymeric substances (EPS) of activated 
sludge flocs play an important role in the performance of 
wastewater treatment, and EPS commonly occur in both 
the interior and on the surface of sludge, originate from 
metabolism or lysis of microorganisms and the wastewater 
itself. EPS are important constituents of activated sludge 
and are composed of loosely bound EPS (LB-EPS) and 
tightly bound EPS (TB-EPS) [1,2], and have been reported 

that the main components of EPS are polysaccharides (PS), 
proteins (PN), the lesser amounts of humic acid and nuclei 
acid (NA) [1–4]. Of these, PS were mainly observed in EPS 
produced from pure cultures, whereas PN were found 
in higher quantities in the EPS of sludge at many waste-
water treatment plants [5]. The character and content of 
EPS are susceptible to the operational and environmental 
conditions [6,7]. If certain culture conditions of pH, tem-
perature and carbon and nitrogen sources are induced, 
then the structure and key component of two kinds of EPS 
get altered accordingly, LB-EPS and TB-EPS may express 
different characterizations when the reactors changed the 
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operational and environmental conditions, resulting in 
increased or decreased content of the total amount of EPS. 
Nutritional parameters, such as C/N ratio, affect the micro-
bial physiology, thus impact the character and content of 
EPS of the sludge.

Many previous studies have shown that the C/N ratio 
has an important impact on the LB-EPS content and the 
PS and PN contents in LB-EPS. For example, Ye et al. [8] 
found that the C/N ratio had no effect on EPS and TB-EPS, 
but had a significant impact on LB-EPS and its PN and 
PS components. Furthermore, Wang et al. [9] found that 
the LB-EPS content changed dramatically when the C/N 
ratio was increased from 6 to 20. However, other studies 
have found that the C/N ratio has an important influence 
on the TB-EPS content. For example, when the C/N ratio 
was increased from 3.4 to 13.6, a gradual increase in the 
TB-EPS content was observed [10].

As the EPS may affect the physicochemical proper-
ties, structural integrity of microbial aggregates and the 
biodegradability of sludge, it is very essential to further 
explore compositional and structural characteristics of 
EPS. A combination of three-dimensional excitation–emis-
sion matrix (3D-EEM) spectra and fluorescence regional 
integration (FRI) is useful for characterizing organic mat-
ter (including EPS) in wastewater [3,11,12]. 3D-EEM flu-
orescence spectra have been used to test the fluorescent 
features of organic compounds such as protein, humic, 
and fulvic acids [13–15], and 3D-EEM spectra have shown 
the distribution of biodegradable and non-biodegrad-
able materials within EPS [16,17]. Guo et al. [17] assessed 
sludge hydrolysis using 3D-EEM coupled with FRI to 
evaluate the compositional characteristics of EPS and dis-
solved organic matter in disintegrating waste sludge, and 
the use of FRI in the study by Wei et al. [18] further sug-
gested that Region IV (Table 1) was the main fraction in 
both types of EPS fractions in two column-type sequencing 
batch reactors with alternative anoxic/aerobic phases. Sun 
et al. [19] also utilized 3D-EEM to evaluate the biodegrad-
able and non- biodegradable components of EPS in waste 
sludge at different heat pretreatment temperatures.

Although many researchers have studied the effects of 
C/N ratio on EPS properties of activated sludge, their stud-
ies were fairly short term and lacked the characterization 
of influent and effluent EPS by a 3D-EEM technique, and 
could not investigate the steady change of EPS under cer-
tain culture condition for a long period and give spectral 
information regarding the chemical compositions of EPS 

by using 3D-EEM. The aims of this study (running 281 d) 
were to characterize the chemical compositions (LB-EPS, 
TB-EPS, polysaccharides, proteins, and nucleic acid con-
tents in EPS) in activated sludge flocs from laboratory-scale 
sequencing batch reactors (SBRs) under different C/N 
ratio (0, 5, 10, and 15), and assess the structural variations 
of influent and effluent EPS in nitrifying sludge using 
3D-EEM coupled with FRI.

2. Materials and methods

2.1. Activated sludge systems

Four SBRs were applied with inner and outer diame-
ters of 14 and 15 cm, respectively, and effective volumes 
of 5 L. A temperature control system was used to maintain 
a constant temperature of 25°C ± 1°C within each reactor. 
Each reactor had three sidewall ports in which sensors were 
inserted to monitor dissolved oxygen (DO), pH, and the 
oxidation–reduction potential. The synthetic wastewater 
employed was composed of NH4Cl, KH2PO4, C2H5OH, and 
microelements [20]. Inoculated sludge was obtained from 
an aeration basin at Lanzhou Municipal Wastewater Plant 
in Gansu Province, China, which mainly treats domestic 
wastewater (60%–70%) and brewery wastewater (30%–40%). 
The initial mixed liquor suspended solid (MLSS) in the SBR 
was 3,100 mg/L. The inoculated sludge was domesticated 
for 20 d, and then divided between the four SBR. The C/N 
ratio was calculated as the ratio of chemical oxygen demand 
(COD) to total nitrogen (TN) measured in mg/L, and the 
C/N ratio in the four reactors was 0, 5, 10, and 15, respec-
tively. The reactors were then referred to as R0, R5, R10, and 
R15. R15 represented a carbon-excess case; R5 and R10 both 
represented the condition of conventional activated sludge 
treating municipal wastewater, while R0 represented a car-
bon-limited case. The synthetic wastewater in R5, R10, and 
R15 contained 99.9% ethanol (300 mg/L) and in R0 contained 
ethanol 0, NH4Cl (20–60 mg/L), K2HPO4 (6 mg/L).

2.2. Analytical methods

2.2.1. Conventional analytical methods

NH+
4–N, NO–

3–N, NO–
2–N, COD, MLSS, and MLVSS 

were examined according to the Standard Methods [21]. 
DO, pH, and temperature (T) were continuously monitored 
using a pH/oxi 3620 analyzer (WTW Company, Germany).

2.2.2. Extraction of EPS and determination 
of EPS components

The sludge was fully mixed prior to commencing the 
extraction procedure. Slurry-water mixture at 4°C was cen-
trifuged at 2,100×g for 10 min to separate solids from the 
supernatant. The supernatant was then filtered through a 
0.45 μm microporous membrane, and the collected super-
natant was regarded as the LB-EPS of the sludge sample. 
The residual sludge was resuspended in a Ringer solution, 
and the mixture was heated at 80°C for 60 min. Finally, the 
mixture at 4°C was centrifuged at a force of 12,000×g for 
10 min to separate the solids from the supernatant, and the 
supernatant was then filtered through a 0.45 μm microporous 

Table 1
Excitation and emitting (ex/em) wavelengths of fluorescence 
region

Region Substance ex/em wavelengths 
(nm)

I Tyrosine-like protein 200–250/280–330
II Tryptophan-like protein 200–250/330–380
III Fulvic acid-like organics 200–250/380–500
IV Soluble microbial by-product 250–400/280–380
V Humic acid-like organics 250–400/380–500
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membrane. The collected supernatant was subsequently 
regarded as the TB-EPS of the sludge sample. The sum of 
LB-EPS and TB-EPS thus represented the total EPS, and the 
quantity of polymers extracted was related to the SS content 
of the sludge.

PN was determined using the Coomassie brilliant 
blue method, and bovine serum albumin was used as the 
standard material. PS was determined using the phenol–
sulfuric acid method, and glucose was used as the stan-
dard material. Furthermore, NA was determined using the 
ultraviolet absorption method [22].

2.2.3. 3D-EEM fluorescence spectroscopy and FRI analysis

The extracted EPS filtrate was measured by EEM fluores-
cence spectroscopy in a 1 cm quartz cuvette using an FP-6500 
spectrofluorometer (Tokyo, Japan) at 25°C. Each EEM plot 
was generated by scanning excitation wavelengths from 220 
to 400 nm at 5 nm steps and emitting fluorescence between 
250 and 500 nm at 1 nm steps, with a scanning speed of 
2,000 nm/min. To partially account for Rayleigh scattering, 
the fluorometer’s response to a blank solution was subtracted 
from the fluorescence spectra recorded for samples [23]. 
Raman scattering was regulated using interpolation [24].

The FRI technique was adopted for EEM spectral data 
analysis [23,25]. EEM peaks were divided into five regions 
(Table 1). The FRI technique was developed to integrate 
the area beneath the EEM spectra. The volume beneath 
Region I of the EEM was Φi, and the normalized ex/em area 
volumes (Φi,n, ΦT,n) were calculated using Eqs. (1) and (2):

Φ Φ ∆ ∆i n i i i I, = = ( )∑∑MF MF ex em ex em
emex

λ λ λ λ  (1)

Φ ΦT n i n, ,= ∑  (2)

where λex is the excitation wavelength interval (taken as 
5 nm), λem is the emission wavelength interval (taken as 
1 nm), and I (λexλem) is the fluorescence intensity (au) at 
each excitation–emission wavelength pair. Furthermore, 
MFi is the multiplication factor, which is equal to the inverse 
of the fractional projected excitation–emission area.

The percentage fluorescence response (Pi,n, %) was 
calculated using Eq. (3) as follows:

Pi n
i n

T n
,

,

,

%= ×
Φ

Φ
100  (3)

3. Results and discussion 

3.1. Effect of C/N ratio on EPS, TB-EPS, and LB-EPS

A comparison among the EPS, TB-EPS, and LB-EPS con-
tents of the different reactors (with different C/N ratios) is 
shown in Fig. 1. The LB-EPS contents of all sludge samples 
were low (2–5 mg/g SS), but the TB-EPS contents showed 
to be much higher (14–46 mg/g SS). The contents of EPS 
and TB-EPS all increased remarkably from 18 and 14 to 
40.7 and 37.5, when the C/N ratio increased from 0 to 5, 
and increased slightly from 42.9 and 40.3 to 48.9 and 45.8, 

when the C/N ratio increased from 10 to 15, which indi-
cates that the C/N ratio was positively correlated with the 
EPS and TB-EPS contents (Fig. 1b). Owing to the dominant 
component of TB-EPS in the total EPS and its changed 
under different C/N ratios, the sum of EPS changed 
remarkably. The findings were consistent with the results 
of the previous studies [10]. In addition, the C/N ratio had 
no significant impact on LB-EPS in this study (Fig. 1b), 
although other researchers have found that the C/N ratio 
has a significant effect on LB-EPS and its components. 
Such as, Wang et al. [9] determined that the PN content 
and the PN/PS ratio in LB-EPS increased with a decrease 
in the C/N ratio, whereas the PS content in LB-EPS 
decreased, and Ye et al. [8] found that the PS content in 
LB-EPS increased but the PN content decreased when the 
C/N ratio increased. In this study, due to low content of 
LB-EPS (Fig. 1c), LB-EPS change slightly under different 
C/N ratios (Fig. 1b). Therefore, further investigations of 
effect of C/N ratio on constituents and structural charac-
teristics of LB-EPS using 3D-EEM in the following sections.

3.2. Effect of C/N ratio on EPS, TB-EPS, and LB-EPS components

The effect of the C/N ratio on PN, PS, and NA in EPS, 
TB-EPS, and LB-EPS can be seen in Fig. 2 and Table 2. 
There was an upward trend in the PN, PS, and NA con-
tents of EPS and TB-EPS with an increase in the C/N ratio 
(Figs. 2a and b, Table 2). When the C/N ratio increased from 
0 to 5, from 5 to 10 and from 10 to 15, the polysaccharide, 
protein, and nucleic acid contents in TB-EPS, respectively, 
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Fig. 1. (a) Effect of C/N ratio of the effluent on the total amount of 
EPS, TB-EPS and LB-EPS and (b) correlation between C/N ratio and 
contents of EPS, TB-EPS and LB-EPS.
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increased by approximately 150%, 4%, and 11%; 325%, 14%, 
and 26% and 175%, 30%, and 11%, resulting in increased 
content of EPS. These results show that the C/N ratio has a 
significant effect on the components in EPS and TB-EPS and 
that the C/N ratio is positively correlated with their PN, PS, 
and NA contents. The influence of the C/N ratio on PS in 
TB-EPS was particularly obvious, similar results have been 
reported in other studies [10]. On the other hand, as the C/N 
ratio increased from 0 to 5, the change extent of PS, PN, and 
NA contents was obviously higher than the variations of 
components in TB-EPS when the C/N ratio increased from 
5 to 15. It clearly appears that carbon source was the domi-
nant member of the change of EPS under different C/N ratio, 
at the high C/N ratio, microorganisms can utilize the excess 

carbon in the synthesis of cells and also in PS production 
[22,26]. Meanwhile, the nitrogen was used in the synthesis 
of proteins and nucleic acid by microorganisms and the 
synthesis of protein and nucleic acids requires energy, thus 
the high C/N ratio promoted the metabolization of PN and 
NA by microorganisms. Simultaneously, Chen et al. [27] 
reported that the PN content was affected by nitrogen 
(NH4Cl) and the PN content was inversely proportional to 
nitrogen content in activated sludge. In addition, the com-
ponents of LB-EPS in the C/N ratio of 0, respectively, were 
(116, 161, and 145, PS)%, (156, 146, and 108, PN)% and (172, 
155, and 129, NA)% higher than the C/N ratio of 5, 10, and 
15 (Fig. 2c, Table 2). The results showed that microorganisms 
living in bad surrounding (at the low C/N ratio, C/N = 0) 
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Table 2
Components of EPS and their proportions in EPS (mg/gSS)

Systems Components in 
EPS

Components in 
TB-EPS

Components in 
LB-EPS

Proportion of 
components in 

EPS (%)

Proportion of 
components in 

TB-EPS (%)

Proportion of 
components in 

LB-EPS (%)

PS PN NA PS PN NA PS PN NA PS PN NA PS PN NA PS PN NA

R0 14.4 2.1 1.5 11.6 1.2 1.2 2.9 0.92 0.31 79 11 10 83 9 8 70 22 8
R5 31.5 5.7 3.5 29.1 5.1 3.3 2.5 0.59 0.18 79 12 9 77 14 9 76 18 6
R10 32.0 6.4 4.5 30.2 5.8 4.3 1.8 0.63 0.20 76 13 11 77 14 11 69 23 8
R15 35.7 8.2 5.0 33.7 7.3 4.8 2.0 0.85 0.24 75 15 10 74 16 10 65 27 8
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secreted more polysaccharide, protein, and nucleic acid 
contents on the outer layer of sludge floc, besides, the poly-
saccharide slightly increased and the protein and nucleic 
acid contents decreased when the C/N ratio increased from 
5 to 15, resulting in slightly changed content of LB-EPS 
as the C/N ratio increased from 5 to 15. However, some 
researchers believed that the C/N ratio had no effect on the 
contents of PN and PS in EPS and TB-EPS, but an obvious 
effect on the contents of PN and PS in LB-EPS. Ye et al. [8] 
and Wang et al. [9] considered that the C/N ratio was neg-
atively correlated with the PN and PS contents in LB-EPS.

As shown in Fig. 2d and Table 2, under the four C/N 
ratios, PS, PN, and NA, respectively, accounted for 
65%~83%, 9%~27%, and 8%~11% of EPS, TB-EPS, and 
LB-EPS. Therefore, PS was the dominant component in 
EPS, TB-EPS, and LB-EPS, followed by PN, and the NA 
was least, similar results were reported in other studies 
[8,28]. Nevertheless, some researchers [29–31] found that 
the PN was the dominant component in EPS, besides Ton-
That et al. [31] stated that the PN was the principal com-
ponent in EPS and the production of PN was not hugely 
affected by the type of substrates used for microbial growth.

 

 

Fig. 3. EEM spectra of LB-EPS (LI-0, LI-5, LI-10, and LI-15: the influent LB-EPS of the C/N ratio of 0, 5, 10, and 15; LE-0, LE-5, LE-10, 
and LE-15: LB-EPS of the C/N ratio of 0, 5, 10, and 15 after nitrification).
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3.3. FRI analysis of LB-EPS and TB-EPS

3.3.1. FRI technique assessment of LB-EPS

The FRI technique was used in accordance with 
methods referred to in published literature [32,33] and the 
total and regional fluorescence intensities for each sam-
ple were calculated. The 3D-EEM fluorescence spectra of 
LB-EPS and TB-EPS are shown in Figs. 3 and 5, LB-EPS 
and TB-EPS could be used as carbon and energy source 
for microorganisms [2]; meanwhile, the protein-like sub-
stance tyrosine and tryptophan, fulvic acid–like and solu-
ble microbial by-product substances in LB-EPS and TB-EPS 
could be biodegraded [17]. Therefore, in sedimentation 
period, the protein-like substance tyrosine and tryptophan, 
fulvic acid–like and soluble microbial by-product sub-
stances were biodegraded, resulting in no evident peaks 
of the influent LB-EPS and TB-EPS. To better understand 
the 3D-EEM fluorescence features of LB-EPS and TB-EPS, 
the FRI technique was used to quantitatively assess 
changes in the five ex/em regions (Figs. 4 and 6).

As shown in Figs. 4 and 6, the highest contributions of 
the percentage fluorescence response in the influent and 
effluent EPS (LB-EPS and TB-EPS) of the SBR in the four 
C/N ratio systems were 34%–63% and 30%–49% in Region V 
(humic acid–like organics) and Region IV (soluble microbial 
by-product), respectively, followed by the Region III (ful-
vic acid–like substances) of 5%–13%, the Region II (trypto-
phan-like) of 1%–4% and Region I (tyrosine-like) of 0.2%–
1.6%, the findings were consistent with the results of the 
previous study [17]. However, Wei et al. [18] believed that 
Region IV (soluble microbial by-product-like) expressed 
the highest percentage in both LB-EPS and TB-EPS.

As shown in Figs. 3 and 4, the values of Pi,n in the influ-
ent LB-EPS under the four C/N ratio systems, R0, R5, R10, and 
R15, were 0.75%, 0.94%, 1%, and 1.06%; 1.32%, 2.14%, 2.13%, 
and 2.17%; 6.21%, 6.36%, 6.72%, and 8.98%; 38.36%, 42.3%, 
44.16%, and 37.4%; and 53.36%, 48.26%, 45.99%, and 50.39%, 
respectively, for Regions I, II, III, IV, and V, respectively. 

When the C/N ratio increased from 0 to 15, there were cer-
tain differences of Pi,n in the influent LB-EPS, and the Pi,n of 
Regions I and II (low fluorescence intensity) was not signifi-
cantly different while that in Regions III, IV, and V was obvi-
ously different.

With an increase in the C/N ratio from 0 to 15, a sig-
nificant increase in the fluorescence intensity was observed 
after nitrification. The normalized ex/em area volumes of 
Regions I, II, III, and IV in LB-EPS decreased after nitrifica-
tion (Table 3), and the volume of Region V increased from 
16,060; 41,080; 39,060; and 30,670 (au·nm2) to 20,340; 43,770; 
60,470; and 36,320 (au·nm2) during nitrification. In addi-
tion, the changes (difference between effluent and influent 
in LB-EPS) of Pi,n in R0, R5, R10, and R15 were –0.2%, –0.71%, 
–0.42%, and –0.13%; –0.21%, –0.97%, –0.85%, and –0.3%; 
–0.7%, –0.36%, –1.51%, and –1.11%; and –8.57%, –12.5%, 
–14.6%, and –3.6%, respectively, presented in the Regions I, 
II, III, and IV. This result shows that the protein-like sub-
stance tyrosine and tryptophan, fulvic acid–like and soluble 
microbial by-product substances were biodegraded after 
nitrification, in particular, soluble microbial was high bio-
degradation rate (3%~14%). The changes of Pi,n in Region V 
were 9.74%, 14.54%, 17.38%, and 5.14%, which implies that 
non-biodegraded humic acid was accumulated [34] and 
that this had a negative effect on further utilizing the waste 
sludge [17].

3.3.2. FRI technique assessment of TB-EPS

As shown in Figs. 5 and 6, the Pi,n of the influent TB-EPS 
of the SBR in R0, R5, R10, and R15 were 1.4%, 1.6%, 1.4%, and 
1.6%; 3.6%, 3.9%, 3.9%, and 3.6%; 13.5%, 9.1%, 10.6%, and 
11.8%; 42.3%, 44.5%, 42.2%, and 49%; and 39.2%, 40.9%, 
41.9%, and 34%, respectively, presented in Regions I, II, III, IV, 
and V. When the C/N ratio increased from 0 to 15, the change 
in the Pi,n of influent TB-EPS was similar to that of LB-EPS.

The normalized ex/em area volumes of Regions I, II, 
III, and IV in TB-EPS decreased after nitrification (Table 3), 
and the volume of Region V increased from 32,150; 30,820; 
34,010; and 17,050 (au nm2) to 42,260; 32,910; 34,370; and 
26,610 (au nm2)·during nitrification. And the changes (dif-
ference between effluent and influent in TB-EPS) of Pi,n in 
R0, R5, R10, and R15 were –0.3%, –0.2%, –0.2%, and –0.8%; 
–0.1%, –0.6%, –0.2%, and –0.8%; –3.4%, –1%, –0.9%, and 
–3.2%; and –8.3%, –5.1%, –3.1%, and –9.2%, respectively, 
presented in the Regions I, II, III, and IV. It was also sug-
gested that the protein-like substance tyrosine and tryp-
tophan, fulvic acid–like and soluble microbial by-product 
substances in TB-EPS were biodegraded after nitrifica-
tion, especially soluble microbial was high biodegradation 
rate (3%~9%). The change of Pi,n in Region V was (12.1, 
6.9, 4.4, and 14)%, which suggests that humic acid was 
accumulated in TB-EPS at different C/N ratios.

Based on the above, the TB-EPS variations (differ-
ence between effluent and influent of TB-EPS) of Pi,n of 
Regions I, II, III, IV, and V in R0 (carbon-limited case) and 
R15 (carbon-excessed case) were higher than R5 and R10 (the 
conditions of conventional activated sludge treating munici-
pal wastewater); however, the LB-EPS variations (the differ-
ence value between effluent and influent of LB-EPS) of Pi,n 
of Regions I, II, III, IV, and V in R0 and R15 were lower than 
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R5 and R10 (Figs. 3 and 4). It suggests that the major changes 
of the protein-like substance tyrosine and tryptophan, ful-
vic acid–like, soluble microbial and humic acid located in 
inner layer of sludge floc (TB-EPS) during nitrification at 
carbon-limited and carbon-excessed case, and the significant 

changes of the organic compounds existed in outer layer of 
sludge floc (LB-EPS) under the conditions of conventional 
activated sludge treating municipal wastewater. Therefore, 
it is believed that diverse microbial species under different 
C/N ratio conditions cause variations in biodegradation and 

 

 

Fig. 5. EEM spectra of TB-EPS (TI-0, TI-5, TI-10, and TI-15: the influent TB-EPS of the C/N ratio of 0, 5, 10, and 15; TE-0, TE-5, TE-10, 
and TE-15: TB-EPS of the C/N ratio of 0, 5, 10, and 15 after nitrification).
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accumulation of microbial by-product substances during 
nitrification. However, it is necessary to analyze the detailed 
transformation of EPS during nitrification in SBRs.

In addition, the Pi,n values of Regions I, II, III, IV, and 
V in TB-EPS, respectively, were 0.8%~1.6%, 2.8%~3.9%, 
8%~13.5%, 34%~49%, and 34%~51%, and the Pi,n val-
ues of Regions I, II, III, IV, and V in LB-EPS, respectively, 
were 0.23%~1.0%, 1.1%~2.1%, 5%~9%, 29%~44%, and 
45%~63%. The percentage of protein-like substances 
tyrosine and tryptophan and fulvic acid–like and sol-
uble microbial substances were dramatically higher in 
TB-EPS than in LB-EPS, but the Pi,n value of humic acid in 
TB-EPS was considerably lower than that in LB-EPS.

4. Conclusions

This paper has presented a comparative study of influ-
ent and effluent EPS in SBR and its chemical constituents 
using 3D-EEM with FRI at different C/N ratio, the following 
conclusions may be drawn from this study as follows: 

• With an increase in the C/N ratio from 0 to 15, there was 
an increase in the production of EPS, TB-EPS, and com-
ponents in TB-EPS, but the PS, PN, and NA contents of 
LB-EPS at the C/N ratio of 0 were higher than those in 
other reactors of R5, R10, and R15. Meanwhile, PS was the 
dominant component in EPS, TB-EPS, and LB-EPS under 
different C/N ratio.

• The highest Pi,n of humic acid–like organics (34%~63%) 
and the Pi,n of tyrosine-like (0.2%~1.6%) was the lowest in 
both types of EPS fractions. 

• The protein-like substance tyrosine and tryptophan, 
fulvic acid–like, and soluble microbial by-product sub-
stances were biodegraded and non-biodegraded humic 
acid was accumulated in TB-EPS and LB-EPS after 
nitrification.

• The Pi,n value of humic acid in TB-EPS was dramatically 
lower than that in LB-EPS.
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