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[bookmark: OLE_LINK3]Table S1 Research on the removal of water pollutants using bismuth ferrite-based composite materials
	[bookmark: OLE_LINK471]Processes
	[bookmark: OLE_LINK472]Conditions
	Pollutant
	[bookmark: OLE_LINK473]Removal Rate
	k (min−1)
	[bookmark: OLE_LINK474]Refs.

	BFO-u/PMS/US
	[catalyst]=1 g L−1
[PMS]=10 g L−1
[US power]=200 W
[pH]=6.5
	TCH (20 mg L−1)
	97.3% (10 min)
	0.352
	(Xing et al. 2021)

	Porous BFO/PMS
	[catalyst]=0.5 g L−1
[PMS]=0.25 mM
[pH]=5.6-5.8
	[bookmark: OLE_LINK455]BPAF (5 mg L−1)
	94.7% (60 min)
	0.0220
	(Wang Jingquan et al. 2020)

	2-BFO/PMS/US
	[catalyst]=1 g L−1
[PMS]=10 g L−1
[US power]=50 W
	TCH (40 mg L−1)
	100% (20 min)
	0.41
	(Ma et al. 2023)

	MOF-d BFO/PMS/Vis
	[bookmark: OLE_LINK11][catalyst]=0.1 g L−1
[PMS]=0.1 mM
[bookmark: OLE_LINK22][bookmark: OLE_LINK12][light intensity]=100 mW cm−2
[pH]=6.9
	[bookmark: OLE_LINK456]NPX (10.0 μM)
	95.5% (40 min)
	_____
	(Yao et al. 2022)

	BFO/PMS/Vis
	[bookmark: OLE_LINK14][catalyst]=0.3 g L−1
[PMS]=0.5 mM
[LED lamp]=420 nm
[pH]=7.0
	[bookmark: OLE_LINK457]DCF (0.025 mM)
	68.0% (60 min)
	[bookmark: OLE_LINK17]_____
	(Han et al. 2020)

	10% Mn-doped BFO/PMS/Vis
	[catalyst]=0.45 g L−1
[PMS]=0.1 M
[fluorescent
Lamp]=550 nm
[pH]=2.5
	BPA (50 mg L−1)
	100% (15 min)
	_____
	(Soltani et al. 2018)

	0.1BSFO/PDS
	[bookmark: OLE_LINK10][catalyst]=1 g L−1
[PDS]=1 mM
[pH]=6.05
	CIP (10 mg L−1)
	95% (60 min)
	0.0935
	(Wang et al. 2021)

	Ag0.4-BiFeO3/PS
	[bookmark: OLE_LINK13][catalyst]=0.3 g L−1
[PS]=5 mM
[pH]=4.5
	TC (10 mg L−1)
	91% (60 min)
	0.0338
	(Ouyang et al. 2020)

	BCFO-7/H2O2/Vis
	[bookmark: OLE_LINK16][catalyst]=0.5 g L−1
[H2O2]=1 mM
[Xeno power]=500 W
[pH]=3
	TC (10 mg L−1)
	97% (120 min)
	0.0243
	(Cao et al. 2024)

	B-3D3/Vis
	[catalyst]=3 g L−1
[light intensity]=70 mW cm−2

	MB (40 mg L−1)
	92% (140 min)
	_____
	(Li et al. 2019)

	Bi0.97Sm0.03FeO3/Vis
	[catalyst]=3 g L−1
[Xeno power]=300 W
[pH]=6.8
	MO (5 mg L−1)
	86.9% (120 min)
	0.01510
	(Hu et al. 2017)


[bookmark: OLE_LINK286]Abbreviations: BFO-u, ultrasound-assisted synthesis of BiFeO3; US, ultrasound; MOF, metal-organic-framework; BSFO, Bi1-xSrxFeO3; PDS, peroxydisulfate; BCFO, Ce-doped BiFeO3; Vis, visible light; B-3D3, 3D BFO/graphene composites; Bi0.97Sm0.03FeO3, Sm-doped BiFeO3 nanoparticles; TCH, Tetracycline Hydrochloride; BPAF, Bisphenol AF; NPX, Naproxen; DCF, Diclofenac; BPA, Bisphenol A; CIP, Ciprofloxacin; TC, Tetracycline; MB, Methylene Blue; MO, Methyl orange.

Table S2 Removal of ARB by PMS-based advanced oxidation processes
	Processes
	Conditions
	ARB
	ARB removal efficiency
	Refs.

	MAFs-0.1/PMS
	[catalyst]=250 mg L−1
[PMS]=0.5 g L−1
[pH]=5.5
	rifampicin resistance genes (30 mL; ~7.1×108 CFU mL−1)
	99.7% (60 min)
	(Yan, Li, et al. 2024)

	[bookmark: _Hlk193071516]Fe(VI)/PMS/HA

	[catalyst]=0.96 Mm
[HA]=0.96 mM
[PMS]=0.96 mM
[pH]=6.86
	resistance genes of TC, KM and AMP (25 mL; ~5×107 CFU mL−1)
	100% (30 min)
	(Fu et al. 2024)

	S-nZVI/PMS
	[catalyst]=28 mg L−1
[PMS]=153.7 mg L−1
	resistance genes of TC, KM and AMP (25 mL; ~1×108 CFU mL−1)
	effectively inactivated ARB within 15 min
	(Liu et al. 2022)

	FeN-RBC/PMS
	[catalyst]=50 mg L−1
[PMS]=1 mM
	resistance genes of TC (30 mL; ~108 CFU mL−1)
	96.7% (40 min)
	(Huang et al. 2024)

	MoS2@Fe3O4/PMS
	[catalyst]=200 mg L−1
[PMS]=200 mg L−1

	containing kanamycin (E. coli K-12 MG1655) and gentamycin (E. coli S17-1) resistance genes (50 mL; ~108 CFU mL−1) 
	100% (20 min)
	(Nie et al. 2023)

	Fe-Co@BC/PMS
	[catalyst]=80 mg L−1
[PMS]=0.1 mg L−1
[pH]=7
	resistance genes of TC, KM and AMP (50 mL; ~107 CFU mL−1)
	99.95 (30 min)
	(An et al. 2024)

	MM CS/PMS
	[catalyst]=100 mg L−1
[PMS]=20 mg L−1
[pH]=5
[light power]=0.12 W cm−2
	[bookmark: OLE_LINK298]resistance genes of SMX (50 mL; ~107 CFU mL−1)
	100% (30 s)
	(Tian et al. 2022)

	EC/MFBC600/PMS
	[catalyst]=0.4 g L−1
[PMS]=1 mM
[pH]=5
[light power]=0.12 W cm−2
[voltage strength] = 5  V
	resistance genes of the sulfonamide (40 mL; ~108 CFU mL−1) 
	100% (5 min)
	(Yan, Sun, et al. 2024)


[bookmark: OLE_LINK300]Abbreviations: TC, Tetracycline; KM, Kanamycin; AMP, Ampicillin; SMX, sulfamethoxazole; Sulfamethoxazole; HA, hydroxylamine; S-nZVI, sulfidated nanoscale zerovalent iron; FeN-RBC, iron and nitrogen-doped biochar; MM CS, macro-mesoporous Co3O4-SiO2; EC, electrode; MFBC, MgFe2O4-loaded biochar.

[bookmark: OLE_LINK425][bookmark: OLE_LINK262][bookmark: OLE_LINK114]Table S3 Reagent information used in this experiment
	[bookmark: OLE_LINK2][bookmark: _Hlk141210552][bookmark: _Hlk141209014][bookmark: OLE_LINK55]Name
	[bookmark: OLE_LINK93]Formula
	[bookmark: OLE_LINK91]Molecular Weight
	[bookmark: OLE_LINK92]Purity
	Manufacturer

	Iron(Ⅲ) nitrate nonahydrate
	FeN3O9·9H2O
	404.00
	98.5%, AR
	[bookmark: OLE_LINK47]Macklin Biochemical Co., Ltd.

	Bismuth nitrate pentahydrate
	Bi(NO3)3·5H2O
	485.07
	99.0%, AR
	[bookmark: OLE_LINK50]Macklin Biochemical Co., Ltd.

	2-Methoxyethanol
	C3H8O2
	76.09
	AR
	[bookmark: OLE_LINK53]Macklin Biochemical Co., Ltd.

	Ethylene glycol
	C2H6O2
	62.07
	98%, AR
	Macklin Biochemical Co., Ltd.

	Citric acid
	C6H8O7
	192.12
	[bookmark: OLE_LINK68]≥99.5%
	[bookmark: OLE_LINK72][bookmark: OLE_LINK58]Macklin Biochemical Co., Ltd.

	[bookmark: OLE_LINK51]Peroxymonosulfate
	2KHSO5·KHSO4·K2SO4
	615.50
	AR
	Macklin Biochemical Co., Ltd.

	Sodium thiosulfate pentahydrate
	[bookmark: OLE_LINK71]Na2S2O3·5H2O
	248.18
	99%, AR
	[bookmark: OLE_LINK73]Macklin Biochemical Co., Ltd.

	[bookmark: OLE_LINK39]Furfuryl alcohol
	C5H6O2
	98.10
	98%, AR
	Macklin Biochemical Co., Ltd.

	Tert-Butanol
	C4H10O
	74.12
	[bookmark: OLE_LINK77][bookmark: OLE_LINK82]≥99.5%, GR
	Macklin Biochemical Co., Ltd.

	[bookmark: OLE_LINK81]p-Benzoquinone
	C6H4O2
	108.10
	99%
	Macklin Biochemical Co., Ltd.

	Methanol
	CH4O
	32.04
	99.5%
	Macklin Biochemical Co., Ltd.

	Sodium bromide
	NaBr
	102.89
	[bookmark: OLE_LINK76]99%, AR
	[bookmark: OLE_LINK80]Macklin Biochemical Co., Ltd.

	Trisodium phosphate anhydrous
	Na3PO4
	163.94
	AR
	Macklin Biochemical Co., Ltd.

	Sodium bicarbonate
	NaHCO3
	84.01
	[bookmark: OLE_LINK79]≥99.5%
	Macklin Biochemical Co., Ltd.

	Sodium sulfate anhydrous
	Na2SO4
	142.04
	99%, AR
	[bookmark: OLE_LINK5]Macklin Biochemical Co., Ltd.

	Sodium chloride
	NaCl
	58.44
	AR
	[bookmark: OLE_LINK62][bookmark: OLE_LINK65]Dalian Meilunbio Co., Ltd.

	[bookmark: OLE_LINK4]Hydrochloric acid
	HCl
	36.46
	AR
	[bookmark: OLE_LINK369]Macklin Biochemical Co., Ltd

	Ampicillin, Sodium Salt (AMP)
	C16H18N3NaO4S
	371.40
	≥85%
	Beijing Solarbio Science & Technology Co., Ltd.

	Agar powder
	(C12H18O9)n
	——
	——
	Beijing Labgic Technology Co., Ltd.

	LB Broth
	[bookmark: OLE_LINK69]——
	——
	——
	Hangzhou Baisi Biotechnology Co., Ltd.

	Dimethyl sulfoxide
	C2H6SO
	73.13
	99%
	[bookmark: OLE_LINK370]Macklin Biochemical Co., Ltd

	Methyl phenyl sulfoxide
	C7H8OS
	140.2
	98%
	[bookmark: OLE_LINK372]Macklin Biochemical Co., Ltd

	Methyl phenyl sulfone
	C7H8O2S
	156.2
	98%
	Macklin Biochemical Co., Ltd

	Ofloxacin
	C18H20FN3O4
	361.37
	98%
	Macklin Biochemical Co., Ltd

	Enrofloxacin
	C19H22FN3O3
	359.39
	98%
	Macklin Biochemical Co., Ltd

	Sulfamethoxydiazine
	C11H12N4O3S
	280.31
	98%
	Macklin Biochemical Co., Ltd

	Sulfamethazine
	C12H14N4O2S
	278.33
	99%
	Macklin Biochemical Co., Ltd

	Sulfamethoxazole
	C10H11N3O3S
	253.28
	98%
	Macklin Biochemical Co., Ltd

	Sulfadiazine
	C10H10N4O2S
	250.28
	98%
	Macklin Biochemical Co., Ltd



[bookmark: _Hlk192785931][bookmark: OLE_LINK426][bookmark: OLE_LINK97]Text S1
2.2.1 Preparation of BC-BFO
[bookmark: OLE_LINK99][bookmark: _Hlk141371181][bookmark: OLE_LINK255][bookmark: OLE_LINK105][bookmark: OLE_LINK104][bookmark: OLE_LINK351][bookmark: OLE_LINK352]After cleaning, drying and crushing, the peanut shells were calcined in a tubular reactor (N2, 5 °C min−1) at 700 °C for 2 h to obtain peanut shell biochar (BC). Initially, a certain amount of bismuth nitrate, ferric nitrate and BC were dissolved in 60 mL ethylene glycol methyl ether and nitric acid (0.1 M) under ultrasonic treatment. Then 1.537 g citric acid and 30 mL ethylene glycol were added into the mixture, and stirred in a water bath at 60 ℃ for 1 h to form the sol. The temperature was increased to 100 ℃ until the gel was formed. Finally, the gel was dried in a muffle furnace oven at 190 ℃ for 1 h, and calcined in a tube furnace (N2, 10 °C min−1) at 600 ℃ for 2 h. Based on the BC content, the samples were named BFO (pure BiFeO3), 5% BC-BFO (mass ratio of BC and BiFeO3 was 5:95), 15% BC-BFO (mass ratio of BC and BiFeO3 was 15:85) and 30% BC-BFO (mass ratio of BC and BiFeO3 was 30:70), respectively.

[bookmark: OLE_LINK9][bookmark: OLE_LINK380]2.2.2 Characterization of prepared BC-BFO
[bookmark: _Hlk183616644][bookmark: OLE_LINK258][bookmark: OLE_LINK208][bookmark: OLE_LINK260][bookmark: OLE_LINK263][bookmark: _Hlk182326719][bookmark: OLE_LINK168][bookmark: OLE_LINK26][bookmark: OLE_LINK42][bookmark: OLE_LINK264][bookmark: OLE_LINK198][bookmark: _Hlk183617387][bookmark: OLE_LINK293][bookmark: OLE_LINK265][bookmark: OLE_LINK358][bookmark: _Hlk183616748][bookmark: OLE_LINK267][bookmark: OLE_LINK359][bookmark: OLE_LINK268][bookmark: OLE_LINK188][bookmark: _Hlk185238162][bookmark: _Hlk183616468][bookmark: OLE_LINK269][bookmark: _Hlk183617257][bookmark: OLE_LINK253][bookmark: OLE_LINK19][bookmark: OLE_LINK270][bookmark: _Hlk183617278][bookmark: _Hlk183617325][bookmark: _Hlk185238265][bookmark: OLE_LINK167]The morphology of synthesized catalysts was analyzed using scanning electron microscopy (SEM, SU8600, Japan), transmission electron microscopy (TEM, Jeol-Jem2100F, Japan) and high-resolution transmission electron microscopy (HRTEM). The crystal structure and phase purity of the prepared catalysts were characterized by X-ray diffraction (XRD, X'Pert3 Powder5, Japan). The scanning speed was 10° min−1, and the angle range was 5°~90°. The X-ray photoelectron spectra (XPS, Thermo Escalab 250Xi, USA) were applied with an Al Kα source. To compensate for the charging efforts, the binding energies were corrected by adjusting C1s peak to 284.8 eV. The N2 adsorption-desorption isotherms were measured by the Brunauer-Emmett-Teller method (BET, Asap2020, USA) and Barrett-Joyner-Halenda (BJH) to analyze the surface area. The active radicals generated in the reaction system were examined with electron paramagnetic resonance (EPR, Bruker Emxplus, USA) spectra. The surface functional groups of the materials were analyzed in the 400-4000 cm−1 range using Fourier transform infrared spectroscopy (FT-IR, Nicolet iN10, USA) with KBr as the pressed sample. Structural defects and graphitization degree of the materials were detected by a laser micro confocal Raman spectrometer (WITec alpha300R, Germany). Methyl phenyl sulfoxide (PMSO) and methyl phenyl sulfone (PMSO2) were detected by high performance liquid chromatography (HPLC, Alliance E2695, USA) to verify the presence of high valent iron in the reaction system.
[bookmark: OLE_LINK37][bookmark: OLE_LINK111][bookmark: OLE_LINK110]
[bookmark: OLE_LINK477][bookmark: OLE_LINK182]2.2.3 Antibiotic resistant bacteria (ARB) removal experiment
[bookmark: OLE_LINK41][bookmark: OLE_LINK52][bookmark: OLE_LINK54]The ARB was cultured for 12 h in LB broth at 37 ℃, 200 rpm in a shaker. After that, 0.85% NaCl was centrifuged for 10 min at 4000 rpm and rinsed twice. The catalyst was added in a beaker containing 100 mL suspension bacterial solution and stirred for 60 min with a mechanical stirrer to achieve adsorption equilibrium. Then PMS was added and 1 mL suspended bacterial solution was taken at the predetermined time point and placed in a centrifuge tube. The Na2S2O3 solution was introduced to terminate the reaction. The bacterial solution was diluted in a gradient with sterile water, and 10 μL of bacterial solution was coated in the agar plate. Finally, the agar plates were incubated for at 24 h in the incubator at 37 ℃ and the bacterial concentration of the samples was measured.

2.2.4 Antibiotic degradation experiment
[bookmark: OLE_LINK21]The prepared mixed antibiotic solution (100 mL) was dispensed into a 200 mL beaker. The predetermined amount of the catalyst was introduced into the mixed antibiotic solution and stirred with a nonmetal mechanical stirrer in darkness for 60 min to achieve adsorption equilibrium. Then, the oxidative degradation was started by the introduction of PMS. At −60, −30, 0, 30, 60, 90, and 120 min, 1 mL samples were collected from the reaction system, and the reaction was quenched by immediately adding overdosed sodium thiosulfate. Subsequently, the samples were filtered through a 0.22 µm membrane and transferred into 2 mL ampoules for further analysis. A LC-ESI-Q-TOF-MS (Liquid Chromatography-Electrospray ionization-Quadrupole-Time of Flight-Mass Spectrometer) was performed for the analysis of the residual antibiotics, and the detailed methods were based on our previous study (Gong et al. 2023).

2.2.5 Analysis of ARB inactivation mechanism
[bookmark: _Hlk184914700]2.2.5.1 Fluorescence microscopy and flow cytometry analysis
[bookmark: OLE_LINK189][bookmark: OLE_LINK89][bookmark: OLE_LINK504][bookmark: OLE_LINK219][bookmark: OLE_LINK197][bookmark: OLE_LINK44][bookmark: OLE_LINK217][bookmark: OLE_LINK386][bookmark: _Hlk185238340][bookmark: OLE_LINK272][bookmark: OLE_LINK408][bookmark: OLE_LINK277][bookmark: OLE_LINK274][bookmark: OLE_LINK307][bookmark: OLE_LINK278][bookmark: OLE_LINK164]ARB were stained with LIVE/DEAD BacLight Bacterial Viability Kits (Thermo Fisher Scientific) and the status of ARB before and after treatment was examined by fluorescence microscopy (Axio Observer, Germany). Changes in cell membrane permeability, intracellular reactive oxygen species (ROS) levels, and intracellular calcium ion concentrations were performed with LIVE/DEAD BacLight Bacterial Viability Kits, ROS assay kit (Nanjing Jiancheng Biotechnology Research Institute Co., Ltd) and Fluo-4 calcium ion assay kit (Beyotime Biotechnology Co., Ltd), respectively, and then detected using flow cytometry (CytoFLEX, China). Malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT) and total protein were assayed using an enzyme-labeled instrument (Biotek Synergy HTX, USA) according to the instructions of the MDA assay kit, the SOD assay kit, the CAT visible light kit and the total protein quantitative assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), respectively.

2.2.5.2 Observation of the cell status before and after ARB treatment
[bookmark: OLE_LINK279]ARB suspensions of approximately 108 CFU mL−1 were treated with PMS/5% BC-BFO and 1 mL samples were taken at different treatment times (−60, 0, 4 and 10 min). Samples were washed twice with 1 mL of 0.85% NaCl (8000 r min−1, centrifugation for 5 min). SYTO9 nucleic acid dye and propidium iodide (PI) were added to the samples in a ratio of 1:1 by volume and incubated for 20 min at room temperature away from light (mixing every 3-4 min by inversion). Excess dye was washed off by washing twice with 0.85% NaCl. Finally, the precipitate was suspended with 500 μL of 0.85% NaCl, pipetted into a 24-well plate, and then analysed by observation using a fluorescence microscopy.

2.2.5.3 Cell membrane permeability measurement
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK61]Flow cytometry analyses were performed as described by Li et al. (Li et al. 2024) with some modifications. ARB suspensions of approximately 108 CFU mL−1 were treated with PMS/5% BC-BFO and 1 mL samples were taken at different treatment times (−60, 0, 2, 4, 6, 8 and 10 min). Samples were washed twice with 1 mL of 0.85% NaCl (8000 r min−1, centrifugation for 5 min). 1 mL of ARB suspension and 1.5 μL PI were mixed well and incubated for 20 min at room temperature away from light (mixing was inverted every 3-4 min). The excess PI was then removed by washing 1-2 times with 0.85% NaCl. The tests were performed using a flow cytometer with excitation and emission wavelengths of 490 and 635 nm, respectively.

2.2.5.4 Analysis of intracellular reactive oxygen species (ROS) levels
[bookmark: OLE_LINK280][bookmark: OLE_LINK64]ARB suspensions of approximately 108 CFU mL−1 were treated with PMS/5% BC-BFO and 1 mL samples were taken at different treatment times (−60, 0, 2, 4, 6, 8 and 10 min). Samples were washed twice with 1 mL of 0.85% NaCl (8000 r min−1, centrifugation for 5 min). The samples were washed twice with 1 mL of 0.85% NaCl (8000 rpm, centrifugation for 5 min), mixed with 1 μL of 2,7-dichlorofluorescein diacetate (DCFH-DA), and incubated under greenhouse for 20 min protected from light. Excess dye was washed 1-2 times with 0.85% NaCl. The tests were performed using a flow cytometer with excitation and emission wavelengths of 488 and 525 nm, respectively.

2.2.5.5 Determination of intracellular Ca2+ concentration
[bookmark: OLE_LINK63]ARB suspensions of approximately 108 CFU mL−1 were treated with PMS/5% BC-BFO and 1 mL samples were taken at different treatment times (−60, 0, 2, 4, 6, 8 and 10 min). Samples were washed twice with 1 mL of 0.85% NaCl (8000 r min−1, centrifugation for 5 min). ARB was resuspended and mixed with 1 mL of Fluo-4 (prepared according to the instructions of Fluo-4 calcium ion detection reagent), and incubated for 30 min at 37 ℃ away from light. The tests were performed using a flow cytometer with excitation and emission wavelengths of 490 and 525 nm, respectively.
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[bookmark: OLE_LINK276][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Fig. S1 N2 adsorption-desorption and pore size distribution of as-prepared composites. (a) BC, (b) BFO, (c) 5% BC-BFO, (d) 15% BC-BFO, (e) 30% BC-BFO

Text S2
The degradation efficiency of trace antibiotics in water by the PMS/5% BC-BFO system was further investigated. As shown in Fig. S2a, the degradation rates of ofloxacin, enrofloxacin, sulfamethoxydiazine, sulfamethazine, sulfamethoxazole, and sulfadiazine by the PMS/5% BC-BFO system were 51.1%, 37.5%, 43.1%, 63.7%, 34.5%, and 51.2%, respectively. The reaction rate constants of the antibiotics followed the order: k (sulfamethazine) > k (sulfadiazine) > k (ofloxacin) > k (sulfamethoxydiazine) > k (sulfamethoxazole) > k (enrofloxacin) (Fig. S2b).

[image: ] [image: ]
[bookmark: OLE_LINK357]Fig. S2 The degradation efficiency of PMS/5% BC-BFO on different antibiotics.
Experiment conditions: [5% BC-BFO] = 0.5 g L−1, [PMS] = 0.2 mM, [ofloxacin] = [enrofloxacin] = [sulfamethoxydiazine] = [sulfamethazine] = [sulfamethoxazole] = [sulfadiazine] = 1 mg L−1
[bookmark: OLE_LINK366]
[bookmark: OLE_LINK295][bookmark: _Hlk184982714]Text S3
3.3.1.1 Changes in membrane permeability of ARB
[bookmark: OLE_LINK281][bookmark: OLE_LINK275][bookmark: _Hlk179619643]The damage to the membrane structure of ARB cells could also demonstrate the inactivation of ARB. As shown in Fig. 5 (a), live cells with intact cell membranes (control group) exhibited green fluorescence in the image. And the cells after 60 mins of adsorption by catalyst 5% BC-BFO also showed green fluorescence Fig. 5 (b), indicating that the adsorption of the catalyst had no effect on the inactivation of ARB, which was consistent with the results of ARB inactivation rate. After 4 min of reaction with the addition of PMS, red fluorescence appeared as shown in Fig. 5 (c), indicating that the cell membrane of some ARB was damaged. As the treatment time was extended to 10 min, red fluorescence accounted for the majority, indicating the high inactivation rate of ARB Fig. 5 (d). In addition, the cell membrane permeability of ARB was also impaired in PMS/BC and PMS/BFO reaction systems after 10 min of reaction according to the yellow and red fluorescence, while the percentage of red fluorescence was lower than that in 5% BC-BFO/PMS system Fig. 5 (e-f).
[bookmark: OLE_LINK30][bookmark: OLE_LINK567][bookmark: _Hlk184982776][bookmark: OLE_LINK191]PI cannot pass through live cell membranes, but can penetrate damaged cell membranes, stain DNA, and excite red fluorescence. Changes in membrane permeability of ARB cells after treatment with PMS/5% BC-BFO system were detected by PI single staining. As shown in Fig. 6 (a1-a8), the flow cytometry histogram was divided into two regions. The M1 region indicates that the ARB population was not stained by PI and the cell membrane was intact. While the M2 region demonstrates that the ARB population was stained by PI and the cell membrane was damaged (Li et al. 2024). It can be observed that the M2 region of the untreated ARB is 4.34% Fig. 6 (a1), which could be attributed to mechanical damage incurred during the experimental procedure (Jing et al. 2022). With the extension of processing time, the M2 region significantly increased to 46.00% Fig. 6 (a7), and the proportion of membrane permeable cells increased, indicating that the cell membrane of ARB was damaged.

[bookmark: _Hlk184982824]3.3.1.2 Oxidative stress response caused by inactivation of ARB
[bookmark: OLE_LINK615][bookmark: OLE_LINK625][bookmark: OLE_LINK249][bookmark: OLE_LINK214]Calcium is an important second messenger closely related to the regulation of cell membrane integrity, antimicrobial resistance, morphological state transition, and bacterial stress response (He et al. 2021; Li et al. 2018). The intact cell membrane of ARB established a permeation barrier for the entry of calcium ions, thereby maintaining low levels of cytoplasmic calcium ions. As shown in Fig. 6 (b), after treatment with PMS/5% BC-BFO system, the intracellular calcium ion concentration increased with the increase of treatment time. The fluorescence intensity of calcium ion was enhanced from 24.57 to 615.27, with around 25-fold increase before and after the treatment. The calcium ion influx, was further promoted by the reaction system 5% BC-BFO/PMS, and the calcium homeostasis of ARB was disrupted. The excess of calcium ions would lead to the cytotoxicity and cell death of ARB eventually.
[bookmark: OLE_LINK581][bookmark: OLE_LINK303]Low concentrations of intracellular ROS typically originated from by-products of aerobic cell metabolism and played pivotal roles in microbial signal transduction and the maintenance of intracellular stability within biological cells (Liu et al. 2021). However, when the amount of intracellular ROS increased to a certain extent beyond the cell's clearance capacity, it will induce oxidative damage to the cell (Kong et al. 2019). Therefore, it was necessary to analyze the changes in intracellular ROS levels in ARB cells after treatment with PMS/5% BC-BFO system. DCFH-DA was currently the most commonly used and sensitive fluorescent probe for intracellular ROS detection. It could freely penetrate the cell membrane, allowing the probe to label intracellular ROS and achieve the goal of monitoring intracellular ROS levels. As shown in Fig. 6 (b), with the extension of treatment time, the fluorescence intensity of DCFH-DA significantly increased, indicating an increase in the amount of ROS in ARB treated with PMS/5% BC-BFO system. The accumulation of intracellular ROS might cause oxidative damage to intracellular proteins and membrane lipids, thereby hindering normal metabolic activity of cells (Farrugia et al. 2012).
[bookmark: OLE_LINK273][bookmark: OLE_LINK271][bookmark: OLE_LINK306][bookmark: OLE_LINK349][bookmark: OLE_LINK364][bookmark: OLE_LINK439]MDA is usually an important product in the oxidation of unsaturated fatty acids in cell membranes, and its content reflected the degree of lipid peroxidation in cell membranes (Yun et al. 2016). As the proportion of unsaturated fatty acids decreased, cell membrane fluidity weakened and permeability increased (Denich et al. 2003). As shown in Fig. 6 (c), the MDA content increased from 0.09 nmol mL−1 to 0.72 nmol mL−1 as the treatment time of the PMS/5% BC-BFO system was prolonged to 10 min, which was an 8-fold difference before and after treatment. The formation and increase of MDA further confirmed the enhanced membrane permeability and membrane damage. Excessive ROS was detrimental to ARB, and to reduce the oxidative stress caused by ROS, multiple antioxidant enzymes played a key role (Shao et al. 2009). SOD and CAT are effective in scavenging excess ROS and maintaining the balance of ROS metabolism, and their activities are often used to test the resistance of microorganisms to external oxidative damage (Knight et al. 2001; Upreti et al. 2018). It was reported that when unsaturated fatty acids in the cell membrane were oxidized, ROS were produced, and the SOD and CAT activities were elevated (Upreti et al. 2018; Wang et al. 2019). The SOD and CAT activities of untreated ARB were 0.31 U mL−1 and 1.22 U mL−1, respectively, and increased to 0.72 U mL−1 and 2.89 U mL−1, respectively, after treatment for 10 min in PMS/5% BC-BFO system Fig. 6 (c). In addition, ROS attack can lead to protein rupture and ion release (Sun et al. 2014), as shown in Fig. 6 (c), where total protein leakage increased from 0.81 mg mL−1 to 4.32 mg mL−1.
[bookmark: _Hlk191998918]
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Fig. S3 Toxicity experiment of the quencher itself. Experiment conditions: [FFA] = 15 mM, [MeOH] = 15 mM, [TBA] = 15 mM, [DMSO] = [PMSO] = 10 mM, [p-BQ] = 0.50 mM.
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[bookmark: OLE_LINK427][bookmark: OLE_LINK556]Fig. S4 Standard curves for PMSO and PMSO2.

[bookmark: OLE_LINK29][bookmark: OLE_LINK25]Text S4
[bookmark: OLE_LINK181][bookmark: OLE_LINK18][bookmark: OLE_LINK31][bookmark: OLE_LINK24][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK173][bookmark: OLE_LINK172][bookmark: OLE_LINK180]As shown in Fig. 9 (a1), in the PMS/5% BC-BFO system, the ARB removal efficiency increased as the concentration of PMS increased. When the concentration of PMS was 0.005 mM, PMS/5% BC-BFO had no significant effect on ARB inactivation. When the initial PMS concentration was increased from 0.01 mM to 0.05 mM, the ARB removal efficiency increased from 0.57 log to 2.24 log within 10 min. And the ARB removal efficiency increased to 3.61 log as the PMS concentration further increased to 0.1 mM. This is due to the fact that as the PMS concentration increased, there was an increased opportunity for PMS to diffuse on the surface of 5% BC-BFO, which may lead to increased activation of HSO5− and more radicals (Han et al. 2020). In addition, it may also be attributed to the higher ARB removal by the direct oxidation of PMS at higher concentration.
[bookmark: OLE_LINK186][bookmark: OLE_LINK157][bookmark: OLE_LINK218][bookmark: OLE_LINK176][bookmark: OLE_LINK178]Fig. 9 (b1-b2) showed that the dosage of 5% BC-BFO catalyst increased from 0.1 g L−1 to 0.5 g L−1 enhanced the removal efficiency of ARB from 1.26 log to 1.92 log, and the k value increased from 0.2167 to 0.4401 min−1. These results indicated a significant relationship between the removal efficiency of ARB and the dosage of 5% BC-BFO, which may be due to an increase in the active sites for activating PMS. As 5% BC-BFO dosage increasing, more active sites of 5% BC-BFO participated in PMS activation to generate more radicals (i.e., SO4•− and •OH) (Khataee et al. 2015). However, as the catalyst increased from 0.5 g L−1 to 0.9 g L−1, the removal efficiency and k value of ARB only slightly improved. This may be attributed to the limited PMS dosage of 0.03 mM, which was sufficient with the active sites of 0.5 g L−1 5% BC-BFO. Moreover, overdose of 5% BC-BFO may bring about the consequence that SO4•− was captured on its surface, thereby inhibiting the removal efficiency of ARB (Monteagudo et al. 2015). Therefore, 0.5 g L−1 was selected as the optimal catalyst dosage and used in the subsequent experiments.
[bookmark: OLE_LINK184][bookmark: OLE_LINK334][bookmark: OLE_LINK185][bookmark: OLE_LINK250][bookmark: OLE_LINK226][bookmark: OLE_LINK251]Fig. 9 (c1) showed the removal of ARB at different initial concentrations by the PMS/5% BC-BFO system. When the initial ARB concentration was 7.17 log CFU mL−1, 3.73 log of ARB can be removed in 10 min. But when the concentration of ARB increased to 9.06 log CFU mL−1, only 0.79 log of ARB was removed after 10 min of reaction. In Fig. 9 (c2), it can also be seen that when the initial concentrations of ARB were 7.17, 8.03, and 9.06 log CFU mL−1, the pseudo-first-order kinetic values for the removal of ARB by the PMS/5% BC-BFO system were 0.8978, 0.4401, and 0.1984 min−1, respectively. The results showed that the higher the concentration of ARB, the lower the removal efficiency of PMS/5% BC-BFO system for ARB. This may be because increasing the initial ARB concentration would lower the probability of the reaction between ARB and the generated radicals, which was one of the characteristics of advanced oxidation processes (Daneshvar et al. 2008).
[bookmark: OLE_LINK152][bookmark: OLE_LINK199]Fig. 9 (d1-d2) showed the removal of ARB by the PMS/5% BC-BFO system at initial pH values ranging from 5 to 9. It was found that acidic conditions favored ARB inactivation and the inactivation efficiency decreased significantly with increasing pH value. Under acidic conditions, Fe2+ could rapidly activate PMS to produce more active substances and promote ARB removal (Eqs. S1-S2) (Dong et al. 2020; Wang et al. 2024). However, with increasing pH, the proportion of free ferrous ions decreased and was converted to iron ligand complexes (FeOH+, Fe(OH)2 (aq), Fe(OH)3−) that did not participate in the ARB inactivation process (Hu et al. 2020). In addition, under alkaline conditions, OH− in solution accelerates the transfer of SO4•− to •OH (Eqs. S3-S6) (Gong et al. 2017; Wang et al. 2011). 
Fe2+ + SO5•− + H+ → Fe3+ + HSO5−                                                             (S1)
Fe2+ + HSO5− → Fe3+ + SO4•− + OH−                                                              (S2)
[bookmark: OLE_LINK221][bookmark: OLE_LINK236][bookmark: OLE_LINK224][bookmark: OLE_LINK232][bookmark: OLE_LINK247][bookmark: OLE_LINK223][bookmark: OLE_LINK234][bookmark: OLE_LINK237][bookmark: OLE_LINK136]HSO5− + OH− → HO2− + SO42− + H+                                                               (S3)
[bookmark: OLE_LINK238][bookmark: OLE_LINK211][bookmark: OLE_LINK239][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK220][bookmark: OLE_LINK225][bookmark: OLE_LINK209][bookmark: OLE_LINK227][bookmark: OLE_LINK240][bookmark: OLE_LINK257][bookmark: OLE_LINK228][bookmark: OLE_LINK241][bookmark: OLE_LINK248]HO2− + HSO5− → SO4•− + •O2−/•HO2 + OH−                                                        (S4)
[bookmark: OLE_LINK229][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK233][bookmark: OLE_LINK187][bookmark: OLE_LINK245][bookmark: OLE_LINK244][bookmark: OLE_LINK246]•HO2 + •HO2 → H2O2 + O2                                                                         (S5)
[bookmark: OLE_LINK210]SO4•− + OH− → SO42− + •OH                                                                      (S6)
[bookmark: OLE_LINK266][bookmark: OLE_LINK294][bookmark: OLE_LINK259][bookmark: OLE_LINK252][bookmark: OLE_LINK254][bookmark: OLE_LINK363][bookmark: OLE_LINK362][bookmark: OLE_LINK361]Fig. 9 (e1-e2) showed the effects of different anions and humic acids (HA) on the removal of ARB by PMS/5% BC-BFO system. As shown in Fig. 9 (e1), the addition of PO43−, NO3−, HCO3− and HA significantly inhibited the removal of ARB (P < 0.05). This is because the addition of anions competes with ARB for radicals, thereby inhibiting ARB inactivation (Eqs. S7-S12) (Black et al. 1970; Cao et al. 2024; Ma et al. 2018; Wang Jianlong et al. 2020; Zuo et al. 1999). HA may cover the active sites on the catalyst and quench SO4•− and •OH, thereby greatly reducing the removal efficiency of ARB (Dong et al. 2020; Liang et al. 2023). In addition, the addition of Br− and SO42− had no significant effect on the removal of ARB (P > 0.05).
PO43− + SO4•−→ PO4•2− + SO42−                                                                    (S7)
[bookmark: OLE_LINK261]PO43− + •OH → PO4•2− + OH−                                                                      (S8)
[bookmark: OLE_LINK256]NO3− + SO4•−→ NO3• + SO42−                                                                     (S9)
NO3− + •OH → NO3• + OH−                                                                       (S10)
HCO3− + SO4•−→ HCO3• + SO42−                                                                  (S11)
HCO3−+ •OH → CO3•−+ OH−                                                                     (S12)

[bookmark: OLE_LINK452][bookmark: OLE_LINK503][bookmark: OLE_LINK20]Table S4 Quality parameters of aquaculture wastewater samples
	[bookmark: OLE_LINK1]Parameters
	Value

	pH
	7.86

	NO3−-N (mg L−1)
	2.83

	NO2−-N (mg L−1)
	3.85

	NH4+-N (mg L−1)
	6.51

	TN (mg L−1)
	13.50

	PO43−-P (mg L−1)
	0.37

	TP (mg L−1)
	0.43

	Salinity (‰)
	13.00

	Total dissolved solids (mg L−1)
	3770

	Chemical oxygen demand (mg L−1)
	46.81



Table S5 Metal ion leaching after first reuse of 5% BC-BFO catalyst
	Metal ion
	[bookmark: OLE_LINK287]Metal leaching concentration (μg L−1)

	Fe
	11.23

	Bi
	1.18
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