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Analytical methods
HPLC-UV

The disappearance of cefazolin was monitored using an HPLC-UV system (YL9300 HPLC). The column used was a RP-C18 LichroCART (Merck, 125 mm × 4 mm × 5 μm) and the disappearance of cefazolin was followed at 273 nm, using an eluent composed of 13% acetonitrile and 87% phosphoric acid (5 mM) at a flow rate of 1 mL min(1. The retention time of cefazolin under the reported conditions was 10.3 min.

LC-MS

The separation and identification of intermediates were performed with a Shimadzu UFLC chromatograph combined with a QTRAP LC-MS/MS 3200 system from SCIEX (Framingham, MA, USA). A Synergi 4µm Fusion RP column (Phenomenex, 50 x 2 mm) was employed, with a mobile phase composed of 0.05% formic acid (eluent A) and acetonitrile (eluent B). The gradient elution was as follows: 0–15 min, from 5 to 20% B; 15-17 min, 20% B; 17-17.5 min, from 20 down to 5% B; 17.5-20 min, 5% B. The column oven temperature was set to 40 °C. An injection volume of 10 µL was used for all the samples. Electrospray ionization (ESI) was applied in positive ion mode (50–600 m/z range), and the source parameters were as follows: ionization voltage 2000 eV, ion source temperature 550°C, curtain gas 20 psi and collision gas set to medium. The ion-spray gas 1 and gas 2 were set at 60 psi and 70 psi, respectively. 

The chemical structures of the intermediates were tentatively identified on the basis of their MS2 spectra, collected in enhanced product ions (EPI) mode. EPI was triggered by enhanced mass resolution (EMS) and enhanced resolutions (ER) steps, according to the information dependent acquisition (IDA) mode with a threshold of 500,000 cps and collision energy (CE) of 10 eV.

Ion chromatography

Anions were determined with a Dionex DX 500 instrument, equipped with a Dionex IonPac® AS9-HC column (250 mm x 4 mm i.d.), GP40 pump, ED40 electrochemical detector, and an Anion Self-Regenerating Suppressor-Ultra (ARSR®-ULTRA, 4-mm). Elution was performed in isocratic conditions with an aqueous solution of K2CO3 9.0·10(3 M, at 0.90 mL min(1 flow rate. In those conditions we observed retention times of 5.2 min for chlorite, 6.5 min for chloride, 7.7 min for creatine, 9.2 min for chlorate, 9.9 min for nitrate, 14.8 min for phosphate, 16.7 min for sulfate and 22.4 min for oxalate, respectively.

H2O2 determination (UV-Vis spectroscopy)

Hydrogen peroxide was determined spectrophotometrically, using the peroxidase-4-aminoantipyrine method (Frew et al., 1983). The color-forming reagent was prepared by dissolving 0.10 g 4-aminoantipyrine (reagent grade, Sigma-Aldrich), 0.23 g phenol (>90%, Sigma-Aldrich), 1 mg horseradish peroxidase (Sigma), 0.71 g NaH2PO4 and 0.28 g Na2HPO4 in 100 mL water. Sample aliquots for H2O2 monitoring (1 mL) were withdrawn from the electrochemical cell. Then, in 5 mL volumetric flasks we placed 300 µL of sample, 2 mL of reagent and water to volume. The colored adduct between oxidized phenol and 4-aminoantipyrine was detected at 505 nm, using a Varian Cary 100 Scan double-beam, UV-Vis spectrophotometer, and Hellma quartz cuvettes with 1.000 cm path length.

TOC and TN analysis

The measurement of total organic carbon (TOC) and total nitrogen (TN) was carried out with a Shimadzu TOC-VCSH instrument. The TOC analyzer, which operates with the catalytic combustion method, was equipped with an ASI-V autosampler. The TNM-1 module for the measurement of total nitrogen exploited the chemoluminescence reaction between NO and O3.

Toxicity measurement

The toxicity of the samples collected at different irradiation times was evaluated with a Microtox® Model 500 Toxicity Analyzer (Milan, Italy). Acute toxicity was evaluated with a bioluminescence inhibition assay, using the marine luminescent bacterium Vibrio fischeri and monitoring changes in the natural emission of the bacteria when challenged with toxic compounds (Nohava et al., 1995). Freeze-dried bacteria, reconstitution solution, diluent (2% NaCl) and an adjustment solution (non-toxic 22% sodium chloride) were obtained from Azur (Milan, Italy). Samples were tested in a medium containing 2% sodium chloride, and luminescence was recorded after 5, 15 and 30 min of incubation at 15 °C. Because no substantial differences were found between the three contact times, hereinafter only the results related to 5 min contact will be reported. Inhibition of luminescence, compared to a toxic-free control to give the percentage inhibition, was calculated following the established protocol and using the Microtox® calculation program. The rationale for this set of experiments is that antibiotics can kill bacteria, including Vibrio fischeri, and the comparison between the initial CFZ solution and the electrodegraded mixtures can give some initial, approximated insight into the disappearance of the antibiotic potential during treatment. Of course these results are only indicative, and a possible decrease of bacterial toxicity during treatment would not necessarily imply that the electrodegraded mixtures are unable to trigger the development of antibiotic resistance.

Table S1. Composition of the synthetic urine used in the present work (pH 6).

	Compound
	Concentration (g L(1)

	NaCl
	2.925

	CaCl2·2H2O
	1.103

	KCl
	1.6

	NH4Cl
	1

	Na2SO4
	2.25

	KH2PO4
	1.4

	Creatinine
	1.1

	Urea
	25


Table S2 Main results of the CFZ galvanostatic electrochemical degradations: current density, CFZ abatement rate, equilibrium working electrode (WE) potential, equilibrium cell potential, energy efficiency per order (EEO), and faradaic efficiency (lower limit, obtained by assuming bi-electronic oxidation) for the different electrochemical treatments carried out in the present work. PB (phosphate buffer) means inorganic phosphate. The reproducibility of repeated experiments was around 10% for all the reported variables.
	Electrolyte
	Current density

(mA cm(2)
	Rate

(µM min(1)
	WE Potential 

(V vs Ag/AgCl)
	Cell Potential (V)
	EEO
(kWh m(3)
	Faradaic Efficiency

	pH 7, PB 10 mM
	0.5
	0.557
	1.75
	2.8
	0.81
	6.8%

	pH 7

PB 10 mM + Cl( 100 mM
	0.5
	0.781
	1.73
	2.5
	0.35
	9.5%

	pH 5, PB 10 mM
	0.5
	0.576
	1.89
	3.2
	0.64
	7.4%

	pH 9, PB 10 mM
	0.5
	0.622
	1.75
	2.7
	0.53
	8.0%

	pH 6, PB 10 mM
	0.5
	0.646
	1.910
	3.0
	0.57
	8.3%

	pH 6, PB 20 mM
	0.5
	0.813
	1.83
	2.8
	0.38
	10.5%

	pH 6

PB 20 mM + Cl( 140 mM
	0.5
	0.731
	1.76
	2.6
	0.37
	8.9%

	pH 6

PB 20 mM + SO42( 15 mM
	0.5
	0.673
	1.83
	3.1
	0.47
	8.2%

	pH 6, PB 20 mM + Cl( 140 mM + SO42( 15 mM
	0.5
	0.865
	1.78
	2.4
	0.28
	10.6%

	pH 6

PB 20 mM + ClO4( 162 mM
	0.5
	0.723
	1.81
	2.6
	0.36
	8.8%

	pH 6

PB 20 mM + urea 330 mM
	0.5
	0.806
	1.92
	3.2
	0.42
	9.9%

	pH 6, PB 20 mM + Cl( 140 mM + urea 330 mM
	0.5
	0.812
	1.85
	2.7
	0.36
	9.9%

	pH 6, PB 20 mM + Cl( 140 mM + oxalate 0.25 mM + citrate 3 mM
	0.5
	0.533
	1.85
	2.6
	0.47
	6.5%

	pH 6, PB 20 mM 

+ citrate 3 mM
	0.5
	0.827
	1.79
	2.8
	0.42
	10.1%

	pH 6, PB 20 mM 

+ oxalate 0.25 mM
	0.5
	0.606
	1.82
	2.9
	0.51
	7.4%

	pH 6, PB 20 mM

+ creatinine 9.7 mM
	0.5
	0.926
	1.82
	3.3
	0.41
	11.3%

	pH 6

PB 20 mM + NH4NO3 19 mM
	0.5
	0.977
	1.79
	3.1
	0.35
	11.9%

	pH 6, synthetic urine
	0.5
	0.755
	1.78
	2.6
	0.32
	9.2%

	pH 6, synthetic urine 

(Cefazolin 10 µM)
	0.5
	0.101
	1.73
	2.6
	0.26
	1.2%

	pH 6, synthetic urine 

(Cefazolin 1 mM)
	0.5
	4.26
	1.76
	2.6
	0.62
	52.0%

	pH 6, synthetic urine
	5
	1.56
	2.15
	4.7
	3.77
	1.9%

	pH 6, synthetic urine
	50
	6.81
	3.36
	7.4
	15.12
	0.8%

	pH 6, synthetic urine
	150
	41.5
	5.67
	13.0
	15.33
	1.7%


Table S3 Mean (n=40) composition of urine in healthy subjects, as reported by Marangella et al. (1985).

	pH
	6.15

	Urea (mM)
	330

	Ca (mM)
	3.7

	Mg (mM)
	2.8

	Na (mM)
	147

	K (mM)
	46.2

	NH4+ (mM)
	22.6

	C2O42- (mM)
	0.25

	Citrate (mM)
	3.1

	P (mM)
	19.1

	SO42- (mM)
	15.2

	I- (mM)
	0.23
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Fig. S1 Time trends for the hydrolysis of 100 µM cefazolin at room temperature under magnetic stirring.
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Fig. S2 Time trends of EEO for the electrochemical treatment of cefazolin (100 µM) added with phosphate buffer (PB) 10 mM in different conditions: a) pH 7; b) pH 7 + Cl( 100 mM; c) pH 5; d) pH 9; e) pH 6.
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Fig. S3 Time trends of EEO for the electrochemical treatment of cefazolin (100 µM) at pH 6 in different conditions: a) PB 20 mM; b) PB 20 mM + Cl( 140 mM; c) PB 20 mM + Cl( 140 mM + SO42( 15 mM; d) PB 20 mM + Cl( 140 mM + urea 330 mM; e) synthetic urine.
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Fig. S4 Time trends of EEO for the electrochemical treatment of cefazolin at pH 6 in different conditions (if not specified, C0 = 100 µM): a) PB 20 mM + Cl( 140 mM + oxalate 0.25 mM + citrate 3 mM; b) synthetic urine; c) PB 20 mM + ClO4( 162 mM; d) synthetic urine (C0 = 10 µM); e) PB 20 mM + Cl( 140 mM + oxalate 0.25 mM; f) PB 20 mM + Cl( 140 mM + citrate 3 mM; g) synthetic urine (C0 = 1 mM).
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Fig. S5 Time trends of EEO for the electrochemical treatment of cefazolin (100 µM) in synthetic urine with different current densities: a) i = 5 mA; b) i = 50 mA; c) i = 150 mA.
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Fig. S6 Time evolution of the electrochemical degradation of 100 µM CFZ with I = 0.5 mA cm(2 at pH 6, in the presence of: (a) 20 mM PB (as reference), and in the same conditions but (i) with the addition of 40 mM Cl( and 330 mM urea, and (ii) in synthetic urine (see Table 1 for its chemical composition); (b) 20 mM PB (as reference), and in the same conditions but with the addition of, separately, chloride, sulfate, urea, creatinine and ammonium nitrate (see Table S1 for the respective concentration values). (c) 20 mM PB, and in the same conditions but with the addition of 3 mM citric acid and of 0.25 mM oxalic acid (both separately and together, and in the latter case also in the presence of 140 mM Cl().
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Fig. S7 Total organic carbon (TOC) and total nitrogen (TN) as a function of electrolysis time. Dashed lines represent –from top to bottom – the theoretical total organic carbon content, the theoretical total nitrogen and the detectable nitrogen in the cefazolin solution treated. The corrected theoretical TN accounts for the fact that N-containing moieties with contiguous N atoms cannot be detected through the high temperature catalytic oxidation, as demonstrated by Minella et al. (2016). Experimental conditions: current density 0.5 mA cm-2, [cefazolin] = 100 μM, electrolyte: PB 20 mM at pH 6.
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Fig. S8 Measurement of the EC50 value of cefazolin, by means of the inhibition of Vibrio fischeri bacteria (Microtox® test). The EC50 is the concentration value of cefazolin that causes 50% inhibition.
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Fig. S9 Left Y-axis: time trend of Vibrio fischeri inhibition (Microtox® test) measured upon electrochemical degradation of 100 (mol L(1 CFZ (PB and synthetic urine, pH 7, 0.5 mA cm-2). Right Y-axis: time  trend of H2O2 concentration in the same conditions.
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