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SI-results and discussion
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[bookmark: _Hlk177985798]Fig. S1. Ammonium removal efficiency (ARE), and pH changes over a 65-day operation of (a) R_Blank (< 0.2 g Na+/L salinity and < 0.008 mg N/L FNA), (b) R_FNA (> 1 mg N/L FNA), (c) R_Salt (3.3 g Na+/L salinity), and (d) R_FNA&Salt (3.3 g Na+/L salinity and > 1 mg N/L FNA).
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Fig. S2. Changes in biomass during the 65-day operation of R_Blank (< 0.2 g Na+/L salinity and < 0.008 mg N/L FNA), R_FNA (> 1 mg N/L FNA), R_Salt (3.3 g Na+/L salinity), and R_FNA&Salt (3.3 g Na+/L salinity and > 1 mg N/L FNA): (a) operational taxonomic units (OTUs) and (b) sludge concentrations. (MLNVSS: mixed liquor nonvolatile suspended solids; MLVSS: mixed liquor volatile suspended solids; R_Blank_n, R_FNA_n, R_Salt_n, and R_FNA&Salt_n indicate the sludge samples collected from the corresponding reactors on day n.).
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Fig. S3. Redundancy analysis identified the correlation between functional microbes and environmental stress. (0, 30, and 65 in the legend indicate sludge samples collected on days 0, 30, and 65, respectively).
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Fig. S4. Nitrogen loss in R_Blank (< 0.2 g Na+/L salinity and < 0.008 mg N/L FNA), R_FNA (> 1 mg N/L FNA), R_Salt (3.3 g Na+/L salinity), and R_FNA&Salt (3.3 g Na+/L salinity and > 1 mg N/L FNA) during days 60–65. The nitrogen loss was calculated based on the difference of total nitrogen concentrations in the influent and effluent.
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Fig. S5. Scanning electron microscopy image of the seed sludge.
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Fig. S6. Change in extracellular polymeric substances with operation time in R_Blank (< 0.2 g Na+/L salinity and < 0.008 mg N/L FNA), R_FNA (> 1 mg N/L FNA), R_Salt (3.3 g Na+/L salinity), and R_FNA&Salt (3.3 g Na+/L salinity and > 1 mg N/L FNA).
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Fig. S7. Variations in FNA concentrations after 1-h exposure to the salinity gradients of 1.0, 3.3, and 6.0 g Na+/L: (a) Initial FNA level and (b) FNA loss.
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Fig. S8. Electron paramagnetic resonance spectra for sludge solution at pH 6 and different salinities: (a) 1.0, (b) 3.3, and (c) 6.0 g Na+/L. (MLSS = 10 g/L, dissolved oxygen < 1.5 mg/L, temperature = 25.0 ± 2.0 oC).
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Fig. S9. Changes in (a) reactive oxygen species (ROS) level and (b) polyphosphate kinase (PPK) with response to different conditions: < 0.2 g Na+/L salinity and < 0.008 mg N/L FNA (R_Blank), > 1 mg N/L FNA (R_FNA), 3.3 g Na+/L salinity (R_Salt), and 3.3 g Na+/L salinity and > 1 mg N/L FNA (R_FNA&Salt).
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Fig. S10. Functional annotation of prokaryotic taxa based function prediction in four reactors: < 0.2 g Na+/L salinity and < 0.008 mg N/L FNA (R_Blank), > 1 mg N/L FNA (R_FNA), 3.3 g Na+/L salinity (R_Salt), and 3.3 g Na+/L salinity and > 1 mg N/L FNA (R_FNA&Salt).
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Fig. S11. Schematic of mainstream nitrogen up-concentration coupled with side-stream nitritation-based nitrogen recovery process. (Two nitrogen recovery pathways were proposed with NaNO2 and N2O as the target product, respectively. This process was developed based on our previously proposed nitrate recovery process 1).


Table S1. Concentrations of NH4+-N and salinity in typical wastewater
	Wastewater type
	NH4+-N (mg/L)
	Salinity (g/L)
	References

	Smelting wastewater
	1000–1400
	4.7–8.6 (Na+)
	Tsuneda et al.2

	Smelting wastewater
	185
	4.1 (Na+)
	Meng et al.3

	Landfill leachate
	300–8100
	1.3–13.0 (Na+), 0.6–4.2 (K+), 2.4–23.0 (Ca2+)
	Qian et al.4

	Landfill leachate
	1975
	9.4 (Na+)
	Yang et al.5

	Coke wastewater
	4150 ± 916
	1.0 ± 0.4 (Na+)
	Jesús et al.6

	Fishery processing wastewater
	288
	59.8 (Na+)
	Corsino et al.7

	Mustard tuber wastewater
	312 ± 32
	9.8–19.6 (Na+)
	Wang et al.8

	Flue gas desulfurization wastewater
	231
	1.0 (Na+), 4.9 (Mg2+), 0.8 (Ca2+)
	Cheng et al.9

	Flue gas desulfurization wastewater
	335 ± 11
	7.9 (Na+), 8.0 (Mg2+), 2.0 (Ca2+)
	Li et al.10

	Concentrated municipal wastewater
	135–208
	7.5 (Na+)
	Qin et al.11

	Concentrated municipal wastewater
	200–254
	3.1 (Na+)
	Zhao et al.12

	Real municipal wastewater
	74–1757
	3.9–11.8(Na+)
	Malovanyy et al.13




Table S2. Summary of FNA-based NOB inhibition strategies
	Strategy
	HRTa
(h)
	pH
	FNA
(mg/L)
	FAb
(mg/L)
	DOc (mg/L)
	Temp.d
(℃)
	References

	FNA + Na+
	24–36
	6.7–7.5
	0.11
	-
	1.5–2
	22 ± 2
	Zhao et al.12

	FNA + DO + Temp.
	23
	7.4 ± 0.2
	0.18
	-
	0.18
	13 ± 0.5
	Zhang et al.14

	FNA/FA + step seed
	24
	5.5
	1.6–8.9
	214–312
	1.0–1.5
	22–30
	Duan et al.15

	FNA/FA
	24
	5.5–8.9
	3.07
	210
	1.5–2
	21 ± 1
	Duan et al.16

	FNA
	24
	4.35
	2.3 ± 0.6
	-
	4
	21 ± 1
	Xue et al.17

	FNA
	36–72
	5–6
	> 2
	-
	> 4
	22–25
	Li et al.18

	FNA
	18.7
	5.5
	1.54
	-
	> 5
	22 ± 2
	Li et al.19


ahydraulic retention time. bfree ammonia. cdissolved oxygen. dtemperature.


Table S3. Variations in microbial cell size under different conditions
	Microbial shape
	Sphere (μm)
	Short rod (μm)
	Long rod (μm)

	
	Diameter
	Length
	Diameter
	Length
	Diameter

	Seed sludge
	0.31 ± 0.05
	0.89 ± 0.18
	0.33 ± 0.07
	2.71 ± 0.44
	0.22 ± 0.07

	R_Blank (Day 10)
	[bookmark: _Hlk175169838]0.79 ± 0.07
	-
	-
	-
	-

	R_ Blank (Day 50)
	0.62 ± 0.06
	-
	-
	-
	-

	R_FNA (Day 10)
	0.68 ± 0.08
	1.06 ± 0.14
	0.45 ± 0.01
	-
	-

	R_FNA (Day 50)
	0.62 ± 0.09
	1.22 ± 0.07
	0.30 ± 0.03
	-
	-

	R_ Salt (Day 10)
	1.02 ± 0.22
	1.09 ± 0.09
	0.55 ± 0.18
	-
	-

	R_ Salt (Day 50)
	0.19 ± 0.05
	0.50 ± 0.06
	0.24 ± 0.05
	-
	-

	R_FNA&Salt (Day 10)
	0.43 ± 0.09
	0.52 ± 0.05
	0.26 ± 0.04
	-
	-

	R_FNA&Salt (Day 50)
	0.32 ± 0.01
	0.97 ± 0.17
	0.25 ± 0.07
	-
	-




SI-materials and methods
Operation design. Each laboratory-scale membrane bioreactor (MBR) used in this study contained two submerged membrane modules made of polyvinylidene difluoride (Fig. S12). The average pore size of membrane was 22 μm, providing a total effective surface area of 400 cm² for each membrane. To mitigate the membrane fouling, the membrane modules were operated in an intermittent mode, i.e., 2-min relaxation after every 10-min suction. The flux was regulated at 10.4 L/m²/h. Within each reactor, an immersion agitator was installed and operated at 80 rpm to maintain activated sludge in suspension. Transmembrane pressure (TMP) was monitored via a pressure gauge. Once TMP exceeds 35 kPa, a physical cleaning followed by chemical cleaning using 0.5% (v/v) NaClO and 2.5% citric acid solution will be carried out to restore the permeability of membranes.
[image: ]
Fig. S12. Four MBRs used in this study and their schematic diagram.
Inoculums. Seeding sludge was collected from a local wastewater treatment plant (Shanghai, China) using an anaerobic/anoxic/oxic process. The influent wastewater characteristics were as follow: Chemical oxygen demand of 142.5 ± 22.3 mg/L, NH4+-N of 25.60 ± 2.33 mg/L, total nitrogen of 29.48 ± 2.18 mg/L, and total phosphorus of 2.17 ± 0.23 mg/L. Prior to inoculation, the sludge was aerated for 24 h to remove residual biodegradable organic matter.
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