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Table S1. Analytical determinations.
	Parameter (units)
	Analytical method

	Conductivity (µS cm-1)
	Conductivity was determined by Hanna Instruments HI9828 multiparameter.

	pH and temperature (oC)
	pH and temperature were measured by a Hanna Instruments HI-2020 edge® hybrid.

	Turbidity
	Turbidity was measured by a Hanna Instruments HI 88703 turbidimeter.

	Total dissolved carbon (g m-3)*
	Total dissolved carbon and dissolved inorganic carbon were determined by NDIR spectrometry in a TC-TOC analyzer equipped with ASI-V autosampler (Shimadzu, model TOC-VCSN). Dissolved organic carbon was given by the difference between these two parameters. 

	Dissolved organic carbon (g m-3)*
	

	Dissolved inorganic carbon (g m-3)*
	

	Chemical oxygen demand (g m-3)
	Chemical oxygen demand (COD) was determined by the dichromate closed reflux method according to the SMEWW - 5220 D test [1], digested in a WTW CR4200 thermoreactor, followed by photometric measuring (Merck Spectroquant® Prove 300 UV/Vis spectrophotometer).

	Absorbance at 254 nm (UVA)*
	The ultraviolet absorbance (UVA) was determined with a Merck Spectroquant® Prove 300 UV/Vis spectrophotometer.

	Total suspended solids (g m-3)
	Total suspended solids (TSS) were determined according to the SMEWW 2540 D test [1], by filtration through a weighted standard glass-fiber filter and drying of the solid residue at 105 °C up to constant weight.

	Sodium, Na+ (g m-3)*
	Dissolved inorganic anions were analyzed by ion chromatography (Dionex ICS-2100 LC) equipped with an IonPac® AS11-HC 250 mm × 4 mm column (T = 30 ºC) and a self-regenerating anion suppressor (ASRS® 300, 4 mm) under an isocratic elution of 30 mM KOH at a flow rate of 1.5 mL min-1. Dissolved inorganic cations were also evaluated by ion chromatography in a Dionex DX-120 LC coupled with an IonPac® CS12A 250 mm × 4 mm column at ambient temperature and a CSRS® Ultra II cation self-regenerating suppressor (4 mm) under an isocratic elution of 20 mM methanesulfonic acid at a flow rate of 1.0 mL min-1.

	Ammonium, NH4+ (g m-3)*
	

	Potassium, K+ (g m-3)*
	

	Magnesium, Mg2+ (g m-3)*
	

	Calcium, Ca2+ (g m-3)*
	

	Chloride, Cl− (g m-3)*
	

	Sulfate, SO42− (g m-3)*
	

	Nitrite, NO2- (g m-3)*
	

	Nitrate, NO3- (g m-3)*
	

	Phosphate, PO43− (g m-3)*
	


* Samples were filtrated using 0.45 µm Nylon filters from VWR before analysis.

Table S2. Limit of quantification (LOQ) for 19 target CECs spiked to SW, UWW1, and UWW2 water matrices according to LC-MS/MS method performance.
	Contaminant
	SW
	UWW1
	UWW2

	
	LOQ
	LOQ
	LOQ

	
	µg dm-3
	µg dm-3
	µg dm-3

	Carbamazepine
	CBZ
	0.02
	0.03
	0.1

	17β-Estradiol
	E2
	2.10
	3.10
	2.5

	17α-Ethynylestradiol
	EE2
	1.50
	2.30
	2.0

	Diclofenac
	DCF
	0.18
	0.19
	1.0

	Losartan
	LSTN
	0.15
	0.26
	0.1

	Bisoprolol
	BSPL
	0.04
	0.11
	0.05

	Atenolol
	ATNL
	0.15
	0.24
	0.1

	Acesulfame
	AC-K
	0.50
	0.68
	3.0

	Valsartan
	VSTN
	0.28
	0.44
	0.1

	Irbesartan
	ISTN
	0.05
	0.08
	0.1

	Diuron
	DRN
	0.07
	0.07
	0.1

	Diethyltoluamide
	DEET
	0.03
	0.03
	0.0

	Carbamazepine 10.11-epoxide
	CBZ-E
	0.02
	0.02
	0.2

	Saccharin
	SAC
	1.00
	1.10
	0.1

	Melamine
	MAL
	0.58
	0.75
	0.5

	Pentadecafluorooctanoic acid
	PFOA
	0.02
	0.02
	0.1

	Perfluorobutane sulfonate
	PFBS
	0.09
	0.09
	0.2

	Heptafluorobutyric acid
	PFBA
	0.14
	0.14
	0.10

	Trifluoromethanesulfonic acid
	TFMS
	1.00
	1.20
	0.5




Table S3. Concentration of CECs analyzed in raw wastewater, treated wastewater (WWTPII effluent), MBR inlet, and MBR outlet (post-MBR treatment – UWW2) based on screening campaign; and respective removal rate obtained. 
	Contaminant
	LOQ
	Raw WW
	Treated WW
	WWTPII removal
	MBR Inlet
	MBR Outletα
	MBR removal

	
	µg dm-3
	µg dm-3
	µg dm-3
	%
	µg dm-3
	µg dm-3
	%

	Pharmaceuticals
	
	
	
	
	
	
	
	

	Amantadine*
	AMT
	0.0003
	0.53
	0.34
	36%
	0.32
	0.33
	0%

	Amisulpride*
	ASPD
	0.0025
	0.55
	0.39
	28%
	0.42
	0.40
	4%

	Atenolol*
	ATNL
	0.0068
	0.06
	0.04
	20%
	n.d
	0.04
	-

	Bisoprolol
	BSPL
	0.05
	n.a
	n.a
	-
	n.a
	0.33
	-

	Carbamazepine*
	CBZ
	0.0005
	0.27
	0.21
	22%
	0.19
	0.38
	0%

	Diclofenac
	DCF
	1.00
	n.a
	n.a
	-
	n.a
	2.35
	-

	Flecainide*
	FLE
	0.0041
	0.18
	0.14
	18%
	0.18
	0.13
	28%

	Irbesartan*
	ISTN
	0.0025
	6.61
	4.18
	37%
	8.08
	3.57
	56%

	Lamotrigine*
	LAM
	0.0126
	0.64
	0.55
	13%
	0.55
	0.61
	0%

	Losartan
	LSTN
	0.10
	n.a
	n.a
	-
	n.a
	n.d
	-

	Metformin*
	MET
	0.08
	66.8
	6.16
	91%
	1.70
	1.85
	0%

	Sulpiride*
	SPD
	0.0009
	0.23
	0.07
	68%
	0.10
	0.07
	27%

	Tramadol*
	TRA
	0.0023
	0.56
	0.59
	0%
	0.61
	0.55
	10%

	Tiapride*
	TPD
	0.0007
	0.83
	0.74
	10%
	0.96
	0.66
	32%

	Valsartan
	VSTN
	0.10
	n.a
	n.a
	-
	n.a
	n.d
	-

	Venlafaxine*
	VEN
	0.0027
	1.13
	0.94
	17%
	1.04
	0.71
	31%

	Endocrine disrupting compounds
	
	
	
	
	
	
	
	

	17α-Ethynylestradiol
	EE2
	2.00
	n.a
	n.a
	-
	n.a
	n.d
	-

	17β-Estradiol
	E2
	2.50
	n.a
	n.a
	-
	n.a
	n.d
	-

	Pharmaceutical metabolites
	
	
	
	
	
	
	
	

	Carbamazepine 10,11-epoxide
	CBZ-E
	0.20
	n.a
	n.a
	-
	n.a
	0.24
	-

	O-desmethylvenlafaxine*
	ODV
	0.0075
	3.25
	3.28
	0%
	3.18
	2.53
	20%

	Biocides — pesticides
	
	
	
	
	
	
	
	

	Diethyltoluamide*
	DEET
	0.0037
	0.52
	0.42
	19%
	0.23
	0.42
	0%

	Diuron*
	DRN
	0.0018
	0.02
	0.03
	0%
	0.04
	0.02
	40%

	Terbutryn*
	TBT
	0.0023
	0.12
	0.05
	61%
	0.06
	0.04
	27%

	Food additives
	
	
	
	
	
	
	
	

	Acesulfame K*
	AC-K
	0.0017
	58.3
	0.27
	>99%
	0.04
	2.25
	0%

	Caffeine*
	CAFF
	0.0003
	19.0
	0.07
	>99%
	0.11
	0.09
	20%

	Saccharin
	SAC
	0.10
	n.a
	n.a
	-
	n.a
	8.40
	-

	Other common chemicals Industrial chemical

	Melamine
	MEL
	0.50
	n.a
	n.a
	-
	n.a
	5.77
	-

	Tris (2-chloroisopropyl) phosphate*
	TCPP
	0.0340
	1.60
	0.46
	71%
	0.37
	0.86
	0%

	Short-chain perfluoroalkyl substances (PFAS)

	Heptafluorobutyric acid
	PFBA
	0.10
	n.a
	n.a
	-
	n.a
	0.16
	-

	Pentadecafluorooctanoic acid
	PFOA
	0.10
	n.a
	n.a
	-
	n.a
	n.d
	-

	Perfluorobutane sulfonate
	PFBS
	0.20
	n.a
	n.a
	-
	n.a
	n.d
	-

	Trifluoromethanesulfonic acid
	TFMS
	0.50
	n.a
	n.a
	-
	n.a
	n.d
	-


* CECs measured according to the method proposed in Montes et al. [2]. LOQ – Limit of quantification; α Refers to UWW2 (post-MBR effluent). n.a – not analyzed; n.d – not detected. 

Table S4.  Target CECs for contamination/quantification in this work: acronym, molecular weight (MW), CAS number, and reactivity of the moieties with O3 (at circumneutral pH). 
	Contaminant
	CAS number
	MW
(g mol-1)
	Reactive moieties
	Reactivity with O3

	Pharmaceuticals

	Amantadine
	AMT
	768-94-5
	151.2
	Primary amine
	Resistant

	Amisulpride
	ASPD
	71675-85-9
	369.5
	Tertiary amine
	Reactive

	Atenolol†
	ATNL
	29122-68-7
	266.3
	Secondary amine
	Moderate

	Bisoprolol†
	BSPL
	66722-44-9
	325.4
	Aromatic ring
	Reactive

	Carbamazepine†
	CBZ
	298-46-4
	236.3
	Olefin, amide, benzene ring
	Reactive

	Diclofenac†
	DCF
	15307-86-5
	296.2
	Aniline
	Reactive

	Flecainide
	FLE
	54143-55-4
	414.1
	Secondary amine
	Reactive

	Irbesartan†
	ISTN
	138402-11-6
	428.5
	None
	Resistant

	Lamotrigine
	LAM
	84057-84-1
	255.0
	None
	Resistant

	Losartan†
	LSTN
	124750-99-8
	422.9
	Imidazole, benzene ring
	Reactive

	Metformin
	MET
	657-24-9
	129.2
	None
	Resistant

	Sulpiride
	SPD
	15676-16-1
	341.1
	Tertiary amine
	Reactive

	Tramadol
	TRA
	27203-92-5
	263.4
	Tertiary amine
	Moderate

	Tiapride
	TPD
	51012-32-9
	328.4
	None
	Resistant

	Valsartan†
	VSTN
	137862-53-4
	435.5
	None
	Resistant

	Venlafaxine
	VEN
	93413-69-5
	277.4
	Tertiary amine
	Moderate

	Endocrine disrupting compounds

	17α-Ethynylestradiol†
	EE2
	57-63-6
	296.4
	Phenol
	Reactive

	17β-Estradiol†
	E2
	50-28-2
	272.4
	Phenol
	Reactive

	Pharmaceutical metabolites

	Carbamazepine 10,11-epoxide†
	CBZ-E
	36507-30-9
	252.3
	None
	Resistant

	O-desmethylvenlafaxine
	ODV
	93413-62-8
	263.4
	Tertiary amine, phenol
	Reactive

	Biocides — pesticides

	Diethyltoluamide†
	DEET
	134-62-3
	191.3
	None
	Resistant

	Diuron†
	DRN
	330-54-1
	233.1
	Benzene ring
	Resistant

	Terbutryn
	TBT
	886-50-0
	241.4
	None
	Resistant

	Food additives

	Acesulfame K†
	AC-K
	33665-90-6
	163.1
	None
	Resistant

	Caffeine
	CAFF
	58-08-2
	194.2
	Olefine
	Moderate

	Saccharin†
	SAC
	81-07-2
	183.2
	None
	Resistant

	Other common chemicals Industrial chemical

	Melamine†
	MEL
	108-78-1
	126.1
	None
	Resistant

	Tris (2-chloroisopropyl) phosphate
	TCPP
	13674-84-5
	327.6
	None
	Resistant

	Short-chain perfluoroalkyl substances (PFAS)

	Heptafluorobutyric acid†
	PFBA
	375-22-4
	214.0
	None
	Resistant

	Pentadecafluorooctanoic acid†
	PFOA
	335-67-1
	414.1
	None
	Resistant

	Perfluorobutane sulfonate†
	PFBS
	45187-15-3
	299.1
	None
	Resistant

	Trifluoromethanesulfonic acid†
	TFMS
	1493-13-6
	150.1
	None
	Resistant


† CECs selected for contamination of water matrices (SW, UWW1, and UWW2).

Chapter S1. Determination of second-order rate constant for the reaction of SAC with O3
The apparent second-order rate constants at pH 2 and 7 for SAC were determined under pseudo-first-order conditions with an excess of ozone and by measuring the abatement of the target compound according to the absolute method [3]. The experiments were performed in ultrapure water using tert-butanol (t-BuOH, 5×10-3 M) as the ●OH radical scavenger. The solutions were adjusted to the desired pH (2 and 7) with phosphate buffer (2×10-2 and 5×10-1 M, respectively). The O3 reactions were carried out in a 1.0 dm3 borosilicate glass reactor, operated in semi-batch mode. O3 was continuously bubbled into ultrapure water (UPW) through a diffuser placed at the bottom of the reactor. The inlet O3 concentration and gas flowrate were kept constant at 20 g Nm-3 and 15 Ndm3 h-1, respectively. Once O3 saturation in the water was reached ( = ~1.0×10-4 M), SAC (C0 = 2.7×10-6 M) was added. The solution inside the reactor was maintained homogeneously stirred by a magnetic stir bar. Samples were withdrawn at regular time (t) intervals, and the dissolved O3 concentration ([O3]) and the residual concentrations of SAC were monitored. 
SAC concentration was quantified with an Agilent 1100 series HPLC and performed on a reverse phase C18 analytical column (Phenomenex 3 × 150 mm, 5 µm). The mobile phase was a mixture of 98% of UPW (with phosphate buffer pH 7; 0.05%) and 2% of acetonitrile, eluted isocratically at a flowrate of 1 mL min−1. The detection wavelength was set at 220 nm and the injection volume at 100 μL. The LOQ of SAC was 6.5×10-8 M with this method. [O3] was determined by the indigo method at 600 nm [4].
The data were evaluated based on Eq. (S1), where kO3-SAC is the rate constants for SAC. 
	
	[bookmark: _Ref169814037](S1)


Considering that O3 dissolved in the solution was applied in excess compared to SAC (about 33-fold excess), a plot of the logarithm of the relative SAC concentration  versus the O3 exposure gave a linear function, of which the slope corresponds to the kO3-SAC at the given pH (Figure S1). As such, the measured apparent second-order rate constants at pH 2 and 7 were (2.4±0.1)×10-2 M-1 s-1 and (4.0±0.1)×10-1 M-1 s-1, respectively.
	[image: ]
[bookmark: _Ref169814611]Figure S1. Plot of the logarithm of the SAC concentration (–ln (C/C0)) as a function of the O3 exposure (∫[O3]dt) for (a) pH = 2.0 and (b) pH = 7.0.




Chapter S2. Immediate ozone demand (IOD)
In wastewater effluents, many compounds, organic or inorganic, dissolved or suspended, may react with ozone with kinetic rate constants that span over a large range of values. As such, two parameters represent the ozone demand: (i) the immediate ozone demand (IOD), corresponding to the amount of ozone to apply before detecting ozone dissolved in the effluent. It reflects very fast reactions of the organic compounds (e.g., DOM) with ozone; and (ii) the decay kinetic constant (kd) due to overall ozone consumption by moderate or slow reactions, which is, in this case, a first-order rate constant [5,6]. According to Eq. (S2), a plot of [O3]L versus TOD yields a straight line with the horizontal axis, resulting in the value of IOD, whereas the slope allows calculating kd [7]:
	
	[bookmark: _Ref165742728](S2)


in which τ is the system residence time (55 s). Figure S2a shows the evolution of the [O3]L as a function of the TOD during ozonation of UWW2 (without spiked CECs). The IOD corresponds to a TOD value of 8.4 g m-3 and kd of  (9±5)×10-3 s-1. Similar ozone demand values were found in other studies of ozonation of UWW matrices [5,8]. Additionally, Figure S2b illustrates changes in the ozone transfer efficiencies during the ozonation tests. It is possible to observe that a high ozone transfer yield occurs until the IOD. Afterward, a minimal stabilization stage was expected, corresponding to a low ozone transfer yield and the simultaneous increase of the dissolved ozone concentration.
	[image: ]
[bookmark: _Ref159680370]Figure S2. (a) Ozone residual concentration ([O3]L) versus transferred ozone dose (TOD); and (b) TOD and ozone transfer yield (ƞ) as a function of the applied ozone dose (AOD) during the ozonation of wastewater collected after MBR treatment (UWW2 without spiked CECs).
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