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ARTICLE INFO ABSTRACT

Keywords:
Partial nitritation

Partial Nitritation/Anammox (PN/A) can achieve green, economical, and efficient biological nitrogen removal;
however, the PN process contributes significantly to nitrous oxide (N3O, the third most important greenhouse
gas) emissions. Balancing the stability of PN systems while reducing N2O emissions, particularly under varying
salinity conditions, is a key challenge in applying PN/A for high-salinity and high-ammonia wastewater treat-
ment. This study explored the long-term effects of salinity on PN performance and N2O emissions in PN systems
treating high-ammonia wastewater. The results showed that the specific ammonia oxidation rates of the control
and two salinity-acclimated PN reactors were 78.84, 75.03, and 42.60 mg N/(g VSS-h), indicating that low
salinity (2.5 g NaCl/L) had minimal effect, while high salinity (10 g NaCl/L) significantly inhibited ammonia-
oxidating bacteria and associated nitritation processes. Moreover, NoO emission factors increased from 0.08 +
0.04% to 0.24 + 0.03% as salinity rose from 0 to 10 g NaCl/L. Further analysis revealed that salinity stimulated
N2O production in both aerobic and anoxic stages. Particularly, the N2O production increased by 2.84-11.14
times in the aerated stage and by 0.61-2.04 times in the nonaerated stage (i.e. anoxic and settling stages).
Isotopic pathway analysis indicated that salinity enhanced N2O production primarily by stimulating the nitrite
reduction pathway. Additionally, the mechanism investigation examined the combined effects of salinity-
induced changes in sludge properties and microbial community on N3O emissions. These findings provide
valuable insights for applying PN systems to treat high-strength wastewater and understanding the mechanisms
of NoO emissions.

Nitrous oxide

Salinity

Ammonia-oxidizing bacteria
High-ammonia wastewater

to stay in the stage of forming nitrite (NO3), through oxidizing about 50
% of ammonia (NH{) to NOj3 solely by ammonia-oxidizing bacteria

1. Introduction

The alarming increase in global surface temperature due to green-
house gas (GHG) emissions poses a critical threat of climate change and
extreme weather (Dalpadado et al., 2024; Ghanbari et al., 2023).
Reducing carbon footprints across industries is essential, particularly in
wastewater treatment plants (WWTPs), which contribute ~1.6 % of
global GHG emissions (Gruber et al., 2022; He et al., 2023; Liu et al.,
2025). Notably, nitrous oxide (N20) released during biological nitrogen
removal (BNR) processes at WWTPs is a potent GHG with a global
warming potential 265 times that of carbon dioxide (Tong et al., 2024).
This has sparked increased interest in the production of NyO from BNR
processes (Dai et al., 2021; Gruber et al., 2021).

Currently, partial nitritation (PN) process is widely studied as a very
important BNR technology, namely controlling the nitrification process
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(AOB), which provides the substrates for subsequent anaerobic
ammonia oxidation (Anammox) process (Hausherr et al., 2022; Zhou
et al., 2024). This partial nitritation/anammox (PN/A) process can
achieve a significant saving on energy demand and reduce excess sludge
production due to the relatively slow growth rates of AOB (Laureni et al.,
2016), thus being massively applied to side-stream high-ammonia
wastewater treatment as a green, economic and efficient nitrogen
removal channel (Lackner et al., 2014). However, the PN process is also
a major contributor to N2O emission, mainly originating from the AOB
and heterotrophic denitrifying bacteria (HDN) (Wang et al., 2014). N3O
could be produced through AOB via the hydroxylamine (NH,OH)
oxidation pathway and nitrite reduction pathway. Even in the absence of
organic carbon sources, HDN still contribute to N2O production due to
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the soluble microbial products (SMPs) and extracellular polymeric
substances (EPS) secretions unavoidably as possible carbon sources (Ni
et al., 2011). How to maintain the stability of PN system while reducing
N20 emissions has become one of the hotspots in the field of wastewater
treatment.

Notably, N3O emission is stimulated by many factors (Chen et al.,
2020), and salinity is one of the key factors affecting both NH4 removal
and NO3 accumulation during nitrification or PN processes (Aslan and
Simsek, 2012; Kong et al., 2013; Wang et al., 2023a). Moreover, it was
reported that salinity promoted N»O production in mainstream BNR
process. Zhao et al. (2014) investigated the mechanism of salinity
stimulating N2O production in nitrification process treating mainstream
wastewater, and found that salinity increased N,O production directly
by altering the N2O production pathways, and indirectly by causing
reduced nitrite-oxidizing bacteria (NOB) activity and hence more NO3
accumulation. The shift in the N3O production pathway under salinity
gradient impact was also demonstrated using dual isotope labelling
approach (Zhang et al., 2024a). However, the existing studies were
limited to mainstream BNR processes with relatively low pollutant
loading rates and specific operation conditions. The N»O emission from
side-stream autotrophic PN system treating high-strength wastewater,
which had totally different dominant microorganisms, remains under-
explored under salinity stress. Therefore, the key innovation of this
study is that possible effects (i.e. NOB, NO> concentration, organic
carbon source, and etc.) on N,O production in the PN system were
reasonably excluded. Moreover, the overall NoO emission, net NoO
production during aerobic and anoxic stages, and the response of NoO
production pathways to salinity were fully revealed.

This study aimed to reveal the effects of long-term acclimation with
different salinity levels (0, 2.5, 10 g NaCl/L) on autotrophic PN system in
three laboratory-scale sequencing batch reactors (SBR) treating high-
ammonia wastewater. The mechanism of salinity acclimation
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increasing N5O emission from PN system was illuminated in depth, in
terms of the changes in BNR performance, N2O production pathway,
sludge physicochemical properties, and microbial community structure,
so as to improve the existing theories on the effects of salinity on the PN
system. In summary, this study could provide a deeper and wider un-
derstanding of the effects of salinity on N»O emission from side-stream
PN system.

2. Results and discussion
2.1. Comparisons of overall reactor performance and N2O emission

During the initial feeding (Day 0-14), all three reactors had stable
effluent with NHJ concentrations at 269 + 12 mg N/L, NO3 at 298 £ 15
mg N/L, and NO3 below 50 mg N/L (see in Fig. 1A and Fig. S1). After 14
days, when saline influent began to be pumped in PN reactors, adverse
impacts on PN performance appeared in experimental reactors, with a
slight increase of effluent NHZ concentration in R2 (2.5 gNaCl/L), and a
significant increase in R3 (10 g NaCl/L), compared to the control reactor
(R1, 0 g NaCl/L). Namely, the increasing salinities gradually decreased
PN activity, and the performance of R2 and R3 reactors became inferior
sequentially, which was consistent with previous study (Moussa et al.,
2006).

As shown in Fig. 1B, along with the increased salinity, the peak N2O
concentration of R1, R2 and R3 reached 49.52, 56.38 and 134.41 ppmv,
respectively, at around 50 min. Throughout the whole cycle, gas-phase
N>O concentration maintained the trend of R3>R2>R1, basically sug-
gesting the stimulation of salinity on N3O emission from PN systems. As
shown in Fig. 1C, the NoO emission factors (EFs) were 0.08 + 0.04%,
0.11 £ 0.01 %, and 0.24 + 0.03 % for salinities of 0, 2.5, and 10 g NaCl/
L, respectively, indicating that high salinity intensely enhanced N2O
emission by 2.95 times under long-term stimulation. N2O production
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Fig. 1. Effects of long-term salinity acclimation on overall performance and N,O emission: (A) effluent NH; concentrations; (B) Cyclic variations of gas phase N,O
concentrations; (C) N,O emission factors under cyclic operations; (D) NoO production within aerobic stage, anoxic stage and settling stage of a 6 h operation cycle.
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during different operation stages was determined in Fig. 1D. Elevated
salinity resulted in higher N2O production, with the aerobic stage
showing the highest increase, followed by the anoxic and settling stages.
As the influent salinity increased to 2.5 g NaCl/L, N2O production across
all three stages exhibited an increasing trend. Notably, the proportion of
the aerobic stage significantly elevated from 47.22 % in R1 to 68.03 % in
R2 and 78.05 % in R3, making it the predominant contributor to total
N»O production in two experimental reactors, probably due to that AOB
showed more tolerance than HDN under salinity conditions, and also
associated with a significant increase in the N,O EFs in the aerobic stage.
In addition, the non-aeration stage (i.e., anoxic and settling stages)
contributed significantly to N2O production, accounting for 52.78 %,
31.97 % and 21.95 % of total NoO production in R1, R2 and R3,
respectively. As a whole, long-term exposure to saline conditions
significantly increased NoO emissions from PN system due to the stim-
ulated N2O production via both AOB and HDN. Salinity appeared to
complicate the N,O release pathway by inducing bacterial cell death,
providing more SMPs as possible carbon sources in PN system (He et al.,
2024; Wang et al., 2014; Ye et al., 2009).

2.2. Effects of salinity on PN sludge activities and aerobic N,O production

Batch experiments were conducted to assess ammonia oxidation rate
(AOR) at various DO concentrations to further investigate the impact of
long-term salinity acclimation on ammonia oxidation activity (Fig. 2A).
It was observed that AOR tended to decline with increasing salinities, in
accordance with previous results (Wang et al., 2016). Specifically, the
AOR exhibited a slight decline from 28.38 mg N/(g VSS-h) in the control
reactor to 27.96 mg N/(g VSS-h) at a salinity of 2.5 g NaCl/L, further
dropping to 19.74 mg N/(g VSS-h) at a salinity of 10 g NaCl/L,
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representing a 30.44 % decrease compared to the control reactor.
Similar trends were noted under other DO conditions, indicating that
low salinity (2.5 g NaCl/L) had a relatively minor impact on sludge
activity, whereas high salinity conditions (10 g NaCl/L) resulted in a
significant declined AOR following long-term acclimation.

Fig. 2B presented the gas phase N»O concentration emitted from the
reactor during 1 h batch experiments conducted at a salinity of 2.5 g
NaCl/L. The PN activity was enhanced obviously by elevating DO
values, consequently leading to a soar in the NyO production. Fig. 2C
displayed the numerical variation of N,O emission factors under
different conditions. A noticeable increasing trend in N3O emission
factors from 0, 2.5 to 10 g NaCl/L under varying DO conditions was
observed. For instance, NoO emission factors increased 0.63 to 0.71
times in the low-salinity condition compared to the control group, and
more markedly by 1.23 to 1.31 times with high-salinity, indicating that
salinity significantly boosted the N2O emission potential of PN sludge.
The relative contributions of different N3O production pathways were
quantified by measuring the SP values of N2O produced in batch tests. At
DO=0.5, 1 mg Oy/L, N0 production via the NH,OH oxidation pathway
accounted for >67 % in both the control and the experimental group
with a salinity of 2.5 g NaCl/L, representing the primary contributor to
N,O production of PN sludge. Under the same DO conditions, when
salinity was increased to 10 g NaCl/L, it was observed that nitrite
reduction pathway dominated over NH,OH oxidation pathway to be the
predominant contributor to NyO production via the PN process. In
addition, at DO = 1.5 mg O/L, although the NH,OH oxidation pathway
had been the main contributor to NoO emissions in all reactors, the
promotion of the nitrite reduction pathway was still observed with
increasing salinity up to 10 g NaCl/L. In view of the fact that N,O pro-
duction was higher with elevated salinity, it could be concluded that
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salinity enhanced NO emission mainly by stimulated nitrite reduction

pathway. In summary, salinity had an inhibitory effect on AOR, but

significantly increased the N,O production capacity of PN sludge by

promoting the nitrite reduction pathway.
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2.3. Effects of salinity on the PN sludge properties

Changes in the physicochemical properties were investigated as
following. As shown in Fig. 3A, a trend of enlarged sludge particle size
could be observed with salinity increasing, and the medium particle
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diameter increased by 1.2 times (from 224 pm to 269 pm). Besides, the
specific surface areas of PN sludge decreased from 39.57 to 33.80 m?/kg.
The increased particle size and smaller specific surface area possibly
resulted in more anoxic space within the sludge, favoring the production
of more NO through the nitrite reduction pathway. As presented in
Fig. 3B, after salinity acclimation at 2.5 g NaCl/L, the released lactate
dehydrogenase (LDH) concentration increased slightly to 53.84 pmol/g
VSS compared to 52.86 pmol/g VSS in the control group, while at 10 g
NaCl/L, it further rose to 57.44 pmol/g VSS, suggesting that salinity
adversely affected cell membrane to some extent. As a result, decreased
AORs were detected in experimental reactors (Fig. 2A). Meanwhile, the
broken membrane fragments might act as available organics, thus pro-
moting N2O production under anoxic conditions (Fig. 1D).

Fig. 3C showed the alternations in the composition of tightly bound
extracellular polymeric substances (TB-EPS) secreted by the sludge after
long-term salinity acclimation. Microbes tended to secrete more EPS to
resist extreme environments (Wang et al., 2023b; 2024a), and the
stimulatory effect of salinity on EPS secretion was significantly
observed. As salinity increased, the proteins content of TB-EPS rose to
1.92 times (at 2.5 g NaCl/L) and 4.56 times (at 10 g NaCl/L) that of the
control group, and polysaccharides content increased by 1.68 and 4.12
times, respectively, which could be considered as a mitigation response
of bacteria to salinity (Corsino et al., 2017; Zhang et al., 2011). Under
salinity conditions, the value of protein/ polysaccharides increased
compared to the control, indicating that protein grew faster than poly-
saccharides, and larger ratio was favorable to promote sludge aggrega-
tion (Guo et al., 2023; Zhang et al., 2024b). The infrared spectra of
TB-EPS at different influent salinities were similar (Fig. 3D), but the
relative intensities showed almost decreasing trends, indicating that
salinity resulted in reduction of major functional groups in the TB-EPS of
PN sludge, e.g., N-H, C-O component of proteins and O-H, C-O compo-
nents of polysaccharides, which might be associated with NaCl
adsorption (Liu et al., 2023; Wang et al., 2024b). Additionally, analysis
of the curve-fitted amide I region revealed a decrease in the proportion
of p-sheet and an increase in the proportion of a-helix under salt con-
ditions (Fig. 3E). This change resulted in a higher ratio of a-helix to
(p-sheet + random coil), suggesting that prolonged salinity could lead to
a more compact protein structure in EPS (Zhang et al., 2025). Such
compactness might restrict oxygen diffusion, thereby altering the
metabolic pathway (e.g., reducing AOR) and potentially favoring N-O
production via the nitrite reduction pathway. In summary, under
salinity stimulation, bacteria tended to secret more EPS that could be
accessed as available carbon by heterotrophic bacteria, thus promoting
the growth of HDN and more N3O emission from the nitrite reduction
pathway.

2.4. Effects of salinity on the microbial community

Sludge samples were withdrawn from three reactors for high-
throughput sequencing analysis. Table S1 presented a thorough assess-
ment of the richness and diversities within the microbial communities of
the three sequencing batch reactors (SBRs). The Coverage indexes were
above 0.99 in all samples, validating the reliability of sequencing data.
The Ace, Chao, Shannon and Sobs indexes were elevated, reflecting a
significant increase in community richness under salinity acclimation
conditions, probably caused by the emerging halophilic microorganisms
or heterotrophic bacteria under long-term salinity acclimation (Yuan
et al., 2021). Venn diagram (Fig. S6) also confirmed above results by
visualizing the similarity and operational taxonomic units (OTUs) in
different environmental samples. OTUs in the salinity group increased
by 49.48 % in R2 and 68.86 % in R3, which further demonstrated that
salinity acclimation increased the species diversity of PN sludge. This
increased diversity, contrary to a few researches (He et al., 2017), might
be due to the experimental salinity being within microbial tolerance
ranges and the long acclimation period, which allowed the microbial
community to adapt and evolve toward salinity tolerance.

Water Research X 27 (2025) 100311

Fig. 4A revealed compositions of the microbial community at
phylum level. As salinity increased, the abundance of Proteobacteria
(35.9~55.6 %), including microorganisms with nitrogen removal
function in wastewater treatment, decreased significantly, indicating
that salinity had an inhibitory effect on these microorganisms,
explaining the deterioration of PN performance and a shift in the bal-
ance of NyO production pathways. The relative abundance of Dein-
ococcota (15.6~28.1 %) that are highly resistant to extreme
environmental hazards (Tian and Hua, 2010), increased with elevated
salinity, which was inferred to be the possible reason for the rise of
microbial diversity. Chloroflexi (0.56~1.16 %) plays a role in degrading
SMP in activated sludge systems, and the increase in its content implied
a risk of filamentous bacteria growing under long-term salinity stress
(Speirs et al., 2019). Microorganisms in the Actinobacteriota phylum
(0.52~0.86 %) are supposed to decompose the organic matter of dead
microorganisms. The abundances of these two phyla increased with the
elevated salinity, suggesting more dead microorganisms or microbial
secretion of organic products under salinity stress. Moreover, salinity
might result in a gradual evolution of microbial structure towards
salt-tolerant and heterotrophic bacteria, might alter the community
structure in ways that indirectly influence N3O production. Relative
abundance of bacterial community at genus level was shown in Fig. 4B.
The relative abundance of Nitrosomonas under salinity conditions was
slightly elevated in comparison to the control, and an indication of
enrichment was observed, possibly due to that Nitrosomonas generally
had a favorable adaptation to salinity in PN process (Zhao et al., 2022).
In addition, the relative abundance of NOB (e.g., Nitrospira, Nitrobacter)
in all three reactors was <0.001 %, further suggesting the strongly
suppressed NOB activities in these PN systems. Some types of HDN
might be negatively affected by salinity. For example, Arenimonas is
regarded as a typical salt-intolerant bacteria (Xing et al., 2018), exhib-
iting a significant decrease in the relative abundance even a low salinity
of 2.5 g/L. Unclassified f Comamonadaceae (Chen et al., 2022) also had a
decreased activity at 10 g NaCl/L. Nevertheless, other types of HDN
showed strong adaptability to salinity conditions. For example, the
relative abundance of Truepera, a salt-tolerant denitrifying bacteria (Shi
et al., 2022), increased from 16 % (in the control reactor) to 21.33 % in
R2, and 28.48 % in R3, which might be responsible for increased N,O
production under anoxic conditions.

3. Conclusion
The following conclusions were obtained:

(1) Long-term salinity acclimation significantly deteriorated the PN
performance. Cycle experiments showed that salinity promoted
N,O emissions from the PN sludge, and the stimulatory effect was
more pronounced with higher salinity concentrations.

Even within the autotrophic system, heterotrophic denitrification
contributed to N2O production owing to the presence of SMPs and
EPS as possible carbon sources. Since the salinity had a greatly
stronger stimulating effect on the N2O production in aerobic
nitrification process than that under anoxic conditions, aerobic
stage became the dominant contributor to N2O production under
the salinity conditions.

High salinity (10 g NaCl/L) acclimation decreased activity of PN
sludge (AOR decreasing from 28.38 to 19.74 mg N/(g VSS-h).
Analysis of isotope analyses indicated that salinity increased N,O
emission by promoting the nitrite reduction pathway.

Increased salinity stimulated the secretion of EPS, which could
provide more available carbon sources for microorganisms. Other
physicochemical properties (e.g., particle size, SVI, protein
structure in EPS, and LDH release), as well as microbial com-
munity, also changed under prolonged adaptation. These pro-
vided potential conditions for N2O emissions via nitrite reduction
pathway.
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Fig. 4. Relative abundance of bacterial community (A) at phylum level and (B) at genus level in control and experimental reactors after long-term salinity accli-

mation at different concentrations.

In summary, this study highlights the importance of controlling
salinity to optimize PN system performance and reduce N2O emissions.
Future researchers may explore effective NyO abatement strategies, such
as modification of operating parameters or enhancement of microbial
adaptations, to further reduce N,O emissions in full-scale applications.

4. Materials and methods
4.1. Reactor setup and operation

Three replicate SBRs with a valid volume of 4 L were conducted
under controlled temperature (25+1 °C) conditions. Each reactor had a
cycle time of 360 min, consisted of 25 min settling, 10 min decanting, 5
min anoxic stage I, 5 min feeding (aeration on), 120 min aerobic stage I,
35 min anoxic stage II, 5 min feeding (aeration on), 120 aerobic stage II,
35 min anoxic stage III (Wang et al., 2014). 0.5 L synthetic wastewater
was pumped into every reactor during each feeding phase, achieving a
hydraulic retention time of 24 h. The PN sludge was obtained from a
parent reactor which has been stably operated for one year, with a mixed
liquor suspended solids (MLSS) of 1300+150 mg/L in each SBR. Mini
CHEM-DO2 and pH probes were used for on-line continuous monitoring
in each reactor. The DO was maintained at 0.4~0.6 mg Oy/L through the
aerobic stage and pH ranged from 6.7~7.3 during a whole cycle. The
components per liter of synthetic influent were as follows: 2292.43 mg
NH4Cl, 3800 mg NaHCO3, 73.6 mg KoHPO4-3H20, 15 mg MgSOy4, 10 mg
CaCl, and 0.6 mL of trace element solution (see details in Text S1).

After 14 days of operation, the effluent concentrations of NHJ, NO3
and NO3 at the end of reaction were stable and similar in each SBR. In
the next period, synthetic wastewater with salinities of 0, 2.5 and 10 g
NaCl/L was added into the three parallel reactors (named as R1, R2, and
R3), respectively. According to previous studies (Aslan and Simsek,
2012; Xu et al., 2024; Yuan et al., 2021), the salinity of 2.5 g NaCl/L was
used as a gradient transition concentration; 10 g NaCl/L had a signifi-
cant effect on reactor performance, which did not exceed the tolerance
limit of AOB. And the two concentrations were therefore selected as the
salinity acclimation condition. Apart from the salinity levels, all other
conditions and operations remained the same, and the reactors were
operated continuously for over 60 days.

4.2. Experiment design

4.2.1. Cycle tests
In order to investigate the long-term effect of different salinities on
the PN performance and N2O emission of the PN sludge, three duplicate

cycle tests were implemented on day 60, 65 and 70 during one 6-h cycle.
Samples were taken at specific intervals for measuring NH4, NO3 and
NO3. The whole cycle experiment was conducted in parent reactors,
same as the daily operation (see Section 4.1). The gas phase N2O
emissions from each reactor were continuously monitored using an on-
line N,O analyzer. At points of the beginning and end of the anoxic stage
I, II, III and settling stage, liquid samples were collected to measure
dissolved N2O concentrations at different stages with a gas chromato-
graph after processing and stabilizing (see details in Text S2), thereby
calculating the NoO production during nonaerated stages.

4.2.2. Batch tests

To further analyze the long-term effect of different salinities on NyO
emission in PN sludge, a series of batch tests were performed after the
reactor had been operating for 60 days and reached a relatively stable
state. The operation was similar to previous studies (He et al., 2024). For
each batch experiment, 800 mL of sludge mixture liquid was withdrawn
from the reactor, centrifuged at 6000 r/min for 10 min to remove the
supernatant, and washed three times with tap water before the sludge
was re-suspended with 800 mL configured simulated wastewater (with
the same initial NH4 and NO5 concentrations), which was transferred to
a 1.2 L reactor for subsequent experiments at room temperature. In the
batch reactor, on-line DO and pH sensors were used to continuously
monitor DO and pH throughout the reaction. The gas flow rates of air
and argon (Ar) were adjusted by two flow controllers (Liu et al., 2025),
and the total sum was always at 1 L/min in all batches. DO value was
controlled at 0.5, 1.0, 1.5 mg Oy/L, respectively, by adjusting the flow
rate ratio of the air and Ar gases. The pH was maintained at 7.0 during
experiments by selectively adding NaHCO3 (0.5 M) or HCl (1 M) solu-
tion. The N»O concentration in the reactor headspace was determined by
an on-line NoO analyzer.

4.3. Calculations

The N2O collected during the batch experiment was measured in
ppmv, requiring unit conversion. The total N,O emissions were calcu-
lated using the following formula:

Q-My,0-P_, [Co1 +Cy
RT 2 3 At

my,o =

Where Q is the headspace pumping gas flow rate of the reactor used to
detect N3O concentration, L/min; P is atmospheric pressure, 1 atm; R is
the gas constant, 0.082 L atm K moll; Tis the temperature, K; C, is the
N2O concentration of the collected sample, ppmv; At is the time interval
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at which the data is recorded, 0.5 min.

At the end of each batch test, a 200 mL gas sample was collected from
the analyzer inlet for isotopic analysis. Isotopic techniques are essential
in identifying N2O production pathways in wastewater treatment
research (Duan et al.,, 2024), and site preference (SP) was used to
calculate isotopic variations. Based on the measured SP value, the con-
tributions of the NH,OH pathway or nitrite reduction pathway were
calculated with the following formula:

SPio:—39%

Fro = (1=Fro) = 20,3905

Where Fyp is the contribution of nitrite reduction pathway, %; Fyo is the
contribution of the NH,OH pathway, %; SP; is the SP value measured in
each set of experiments, %o; 39 %o is the SP signature value of the NH,OH
pathway to produce N3O; 14 %o is the SP signature value of N2O pro-
duced by the nitrite reduction pathway, with reference to actual
measured SP value (Duan et al., 2017).

4.4. Other analytical methods

NHj, NO3, NO3 concentrations were determined using a UV spec-
trophotometer. Sludge volume index (SVI), MLSS, and mixed liquor
volatile suspended solids (MLVSS) were measured following standard
methods (Washington and Association, 1995). The maximum specific
ammonia oxidation rate and N,O emission factor was further calculated
based on MLVSS, NHJ concentrations and total NyO emission. EPS were
categorized into soluble EPS (S-EPS), loosely bound EPS (LB-EPS), and
TB-EPS. These fractions were obtained using the heat extraction method,
and contents (proteins and polysaccharides) were quantified using the
phenol-sulfuric method and Lowry-Folin method, respectively (Wang
et al.,, 2022a). The three-dimensional excitation-emission (3D-EEM)
fluorescence spectra of different EPS fractions were investigated using a
fluorescence spectrometer (Hitachi F-2710, Japan) (Wang et al., 2024c).
And further analysis of TB-EPS was conducted using FTIR spectroscopy
(Dai et al., 2024). The particle size distribution of activated PN sludge
was determined by using a particle size analyzer (ZS3000, Malvern In-
struments, UK). The LDH release can be used to reflect sludge cell
integrity (Wang et al., 2022b), and methods for determining LDH con-
centrations are listed in the Supplementary Material (Text S3). SP
measurements were performed using a N3O isotope analyzer
(LGR914-0060). High-throughput sequencing was employed to char-
acterize bacterial community variations under different salinity accli-
mations. Sludge samples were obtained from three SBRs on day 60, and
real-time PCR assays targeting the V3-V4 region of bacterial 16S DNA
genes were conducted to measure microbial community compositions.
Ilumina Novaseq6000 was utilized for sequencing analysis.
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