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[bookmark: _GoBack]Text S1.Chemicals and reagents.
Potassium ferrate (K2FeO4, purity ≥ 95%) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS, C₁₈H₂₄N₆O₆S₄, purity ≥ 99%) were purchased from Shanghai Aladdin Reagent Co., Ltd., China. Fluconazole (C₁₃H₁₂F₂N₆O), tebuconazole (C₁₆H₂₂ClN₃O), phenyl methyl sulfoxide (PMSO, C₇H₈OS), sodium dihydrogen phosphate (NaH₂PO₄), disodium hydrogen phosphate (Na₂HPO₄), hydroxylamine hydrochloride (NH₂OH·HCl), acetonitrile (C₂H₃N), formic acid (CH₂O₂), and methanol (CH₄O) were purchased from Shanghai Macklin Biochemical Technology Co., Ltd., China. Acetonitrile, formic acid, and methanol were of chromatographic grade, whereas the other reagents purchased from this supplier were of analytical grade. Escherichia coli (E. coli, lyophilized powder; strain CMCC 44102) was used in the experiments. tert-Butanol (TBA, C₄H₁₀O), furfural (C₅H₆O₂), sodium chloride (NaCl), sodium hydroxide (NaOH), hydrogen chloride (HCl), 4-oxo-2,2,6,6-tetramethylpiperidin-1-oxyl (4-oxo-TEMPO, C₉H₁₆NO₂), and 5,5-dimethyl-1-pyrroline N-oxide (DMPO, C₆H₁₁NO) were purchased from Tianjin Xinbote Chemical Co., Ltd., China, and were of analytical grade. All chemicals and reagents were used as received without further purification.
Text S2. Analytical methods and quality assurance
S2.1 Determination of FLZ and TEB concentrations
The concentrations of fluconazole (FLZ) and tebuconazole (TEB) were determined by UV–visible spectrophotometry. Stock solutions of FLZ and TEB were prepared and serially diluted with deionised water to obtain standard working solutions. Full-wavelength scans were first performed over 200–800 nm using deionised water as the reference to identify the characteristic absorption wavelengths. The absorbance of FLZ and TEB was subsequently measured at 261 nm and 326 nm, respectively.
Calibration curves were established by plotting absorbance against the corresponding standard concentrations. Prior to analysis, all samples were filtered through a 0.22 μm membrane and diluted, when necessary, to ensure that the concentrations fell within the linear range of the calibration curves. The concentrations of FLZ and TEB in the samples were then calculated from the corresponding calibration curves
 S2.2 Determination of Fe(VI) 
The Fe(VI) concentration was determined using the 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) method. Fe(VI) rapidly reacts with ABTS to form a stable green radical cation (ABTS•⁺), which has a characteristic absorbance at 415 nm. Briefly, 5 mL of acetate/phosphate buffer solution (0.6 mol L⁻¹ acetate and 0.2 mol L⁻¹ phosphate, pH 4.2) and 1 mL of ABTS solution (1.82 mmol L⁻¹) were added to a 25 mL volumetric flask. The Fe(VI) sample was then added, and the mixture was diluted to 25 mL. After thorough mixing, the absorbance was measured at 415 nm with blank correction. The Fe(VI) concentration was calculated using the Beer–Lambert law according to Eq. (2-1):

S2.3 Determination of dissolved ozone
Dissolved ozone concentration was determined using the indigo spectrophotometric method. Under acidic conditions, ozone rapidly oxidizes indigo, resulting in decolorization proportional to the amount of dissolved ozone. Water samples were collected immediately after ozonation and analyzed without prolonged storage to minimize ozone decomposition. The decrease in indigo absorbance was used to determine the dissolved ozone concentration according to the corresponding calibration relationship.
Unless otherwise specified, the dissolved O₃ concentration used in the oxidation experiments was 10 mg L⁻¹.Analysis of transformation products of triazole pollutants
S2.4 Total organic carbon analysis
Total organic carbon (TOC) was measured using an LB-800 TOC analyzer. After sampling, residual oxidants were immediately quenched, and the samples were subsequently filtered before TOC determination. Each sample was analyzed under identical instrumental conditions.
TOC removal efficiency was calculated as:
TOC removal(%)=
where TOC0 and TO0Ct represent the TOC concentrations before and after treatment, respectively.
S2.5 UHPLC–MS analysis of transformation products
Transformation products of FLZ and TEB were analysed by UHPLC–MS to elucidate degradation pathways during Fe(VI) oxidation. Samples were collected at 5, 10, and 30 min, immediately quenched with hydroxylamine hydrochloride, filtered through a 0.22 μm organic membrane, and extracted three times with dichloromethane. The combined organic extracts were dehydrated with 2 g of anhydrous sodium sulfate and concentrated to 4 mL by rotary evaporation prior to UHPLC–MS analysis.
UHPLC–MS analysis was performed on a Dionex Ultimate 3000 UHPLC system equipped with a Zorbax Eclipse Plus C18 column (100 mm × 2.1 mm, 1.8 μm). The column temperature, flow rate, and injection volume were 35 °C, 0.3 mL min⁻¹, and 10 μL, respectively. The mobile phases were 5 mM ammonium formate with 0.1% formic acid in water (A) and methanol (B). Gradient elution was used with run times of 25 min for FLZ and 30 min for TEB. Mass spectra were acquired in positive electrospray ionisation mode (ESI⁺) over an m/z range of 10–500. Transformation products were tentatively identified based on mass-to-charge ratios and fragmentation information.
Text S3. EPR and scavenger experiments
S3.1 EPR measurements 
Reactive oxygen species generated in the Fe(VI)–O3 system were characterized using electron paramagnetic resonance (EPR) spectroscopy. DMPO was used as the spin-trapping agent for •OH and •O2⁻, whereas TEMP was used as the spin-trapping probe for ¹O₂. Reaction samples were mixed with the corresponding spin-trapping reagent and immediately transferred into quartz capillaries for EPR measurement.
EPR spectra were recorded under the following conditions: center field, 3510 G; sweep width, 100 G; microwave power, 19.72 mW; microwave attenuation, 15 dB; microwave frequency, 9.83 GHz; sweep time, 46.08 s; modulation amplitude, 1 G; modulation frequency, 100 kHz; and number of scans, 10.
S3.2 Scavenger experiments
Radical-scavenging experiments were conducted to evaluate the apparent contributions of different reactive oxygen species to FLZ and TEB degradation. Tert-butanol (TBA), p-benzoquinone (p-BQ), and L-histidine (L-His) were used as scavengers for •OH, •O2⁻, and 1O2, respectively. The concentrations of TBA, p-BQ, and L-His were 1 g L⁻1, 10 mg L⁻1, and 10 mg L⁻1, respectively. All other experimental conditions were identical to those used in the staged Fe(VI)–O3 degradation experiments.
Because radical scavengers are not completely species-selective and may additionally interfere with Fe(VI) transformation and ozone decomposition, the calculated values were interpreted as semi-quantitative apparent contributions rather than absolute reaction fractions.
Text S4. DFT calculations and Fukui function analysis
Density functional theory (DFT) calculations were performed to investigate the electronic structures and potential reactive sites of FLZ and TEB. Initial molecular geometries were constructed using GaussView and fully optimized using Gaussian 16 at the B3LYP/6-31G(d,p) level of theory. Vibrational frequency calculations were subsequently performed at the same theoretical level to confirm that the optimized structures corresponded to true minima on the potential-energy surface, as evidenced by the absence of imaginary frequencies.
Molecular electrostatic potential (MEP), highest occupied molecular orbital (HOMO), and lowest unoccupied molecular orbital (LUMO) distributions were analyzed to characterize the electronic properties of FLZ and TEB. Condensed Fukui functions were further calculated to identify atomic sites susceptible to nucleophilic, electrophilic, and radical attack.
Using atomic electron populations Pk​, the condensed Fukui functions were defined as:



where N, N+1, and N−1 represent the neutral, anionic, and cationic states, respectively.
The condensed dual descriptor (CDD) was calculated as:


Positive and negative CDD values indicate different local tendencies toward nucleophilic and electrophilic attack, respectively. These electronic descriptors were jointly interpreted with the experimentally detected transformation products to propose preferential degradation pathways.
Text S5. Ecotoxicity assessment
S5.1 ECOSAR analysis
Potential aquatic toxicity of FLZ, TEB, and their proposed transformation products was estimated using ECOSAR v2.0. Acute and chronic toxicity endpoints were predicted for fish, Daphnia, and green algae. The assessed endpoints included LC50, EC50, and chronic values (ChV), depending on the organism and corresponding ECOSAR output.
ECOSAR predictions were used as screening-level indicators of potential ecological risk rather than as direct measures of effluent toxicity. Because structure-based predictions do not explicitly account for mixture effects among parent contaminants and transformation products, the predicted results were interpreted together with experimental bioassays.
S5.2 E. coli toxicity assay
The LB agar medium was prepared by dissolving 1.8 g of casein tryptone, 0.9 g of yeast extract, and 1.8 g of NaCl in 180 mL of ultrapure water. After thorough mixing, 2.736 g of agar was added, and the resulting medium was autoclaved at 120 °C for 20 min. After cooling to an appropriate temperature, the medium was aseptically dispensed into sterile Petri dishes at a volume of 18 mL per dish to prepare the LB agar plates.
Subsequently, E. coli was inoculated into 5 mL of LB broth and incubated at 37 °C with shaking at 180 rpm for 12 h until the bacterial cells reached the logarithmic growth phase. After cultivation, a 1 mL aliquot of the bacterial suspension was subjected to a series of tenfold dilutions for the subsequent exposure experiments. The bacterial suspensions were separately exposed to 1 mL of the catalytic-system-treated solutions, the FLZ stock solution, or the TEB stock solution. After treatment, 100 μL aliquots of the bacterial suspensions were evenly spread onto the surfaces of the LB agar plates. The plates were then incubated at 37 °C for 24 h, after which the colonies were counted and the viable bacterial concentrations were expressed as colony-forming units per milliliter (CFU/mL).
S5.3 Wheat seed germination toxicity experiments.
Following dehulling, the wheat seeds were first treated with a 50% H₂SO₄ solution to soften the seed coat and subsequently disinfected with a 10% H₂O₂ solution for 10 min. The seeds were then thoroughly rinsed with deionized water and dried at room temperature prior to use. Two layers of sterile filter paper were placed at the bottom of each Petri dish to provide a uniform substrate for seed growth. Using sterile forceps, twenty treated wheat seeds were evenly distributed in each Petri dish, with sufficient spacing maintained between individual seeds to minimize mutual interference.
Subsequently, 10 mL of the FLZ or TEB stock solution, or the corresponding solution obtained from the different catalytic treatment systems, was added to each Petri dish. An equivalent volume of deionized water was added to the control group. Each treatment was performed in triplicate to ensure the reliability and statistical significance of the experimental results. Throughout the incubation period, the Petri dishes were maintained at a constant temperature of 25 °C and exposed to 16 h of natural daylight per day to provide the photoperiod and energy required for seed germination and early growth.
S5.4 Zebrafish embryonic developmental toxicity experiments.
Reaction solutions obtained from the different treatment systems were collected and filtered through sterile 0.45 μm membrane filters prior to use. Healthy zebrafish embryos at 24 h post-fertilization (hpf) were exposed to the respective sample solutions. The embryos were maintained under standard culture conditions at 28 ± 0.5 °C with a photoperiod of 14 h light and 10 h darkness. An appropriate number of embryos was assigned to each treatment group, and a control group exposed to deionized water under otherwise identical conditions was included. Embryonic development was observed and recorded every 24 h using a stereomicroscope to evaluate the developmental toxicity of the different reaction solutions.




