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Text S1: LC-MS analysis

The identification of SMX degradation products was performed by an ultra-high performance
liquid chromatography coupled to high-resolution mass spectrometry performed on an Orbitrap
Q-Exactive (Thermo scientific). The column was a Phenomenex Kinetex C18 (1.7 um x 100 A; 100
x 2.1 mm) and the temperature was fixed at 30°C. The initial mixture of eluents was 5%
acetonitrile and 95% water acidified with 0.1% formic acid, followed by a linear gradient to 99%
acetonitrile within 8.5 min and held for 1 min. The flow rate was 0.45 mL min-! and the injection
volume was 5 L. lonization was set to 3.2 kV (ESI+) and 3.0 kV (ESI).

Text S2: Scavenging experiments

To determine the suitable concentration of scavengers for the selected reactive oxygen species
(ROS), second-order rate constants between targeted RS and the scavenger (kgs,scav.) and targeted
ROS and SMX (krssmx) were considered (Table S1). The amount of the selected ROS which is
scavenged (Q in %) is calculated based on the following equation:

Q _ Cscav. * KRS scav.
Cscav.’KRS,scav.t CsMx KRS, sMXx



where cscov. and csux are the initial concentrations of the scavenger and SMX, respectively. In our
work, we have used 5 mM TBA, 20 mM IPA and 5 mM FFA, thus scavenging 91% of "OH, 85%-
96% of *OH and SO4", and 99% of 10,. It is worth noting FFA can also quench significantly *OH
and SOz*, so FFA is used in combination with IPA.

Text S3: Optimization of AA and PS concentrations

The effects of AA and PS concentrations on SMX degradation were investigated both in the dark
and under UVA radiation (Fig. S2). As the AA concentration increased from 0.10 — 0.25 mM, the
removal efficiency of SMX increased also, before to decrease in the range 0.25 — 1.00 mM. The
effect of light is significant as the SMX degradation reached 60% after 3 h under UVA light
compared to 30% in the dark. Since AA is an reducing agent, it is helping in the (re)generation of
Fe(ll) from Fe(lll), thus increasing the efficiency of Fenton-based processes. However, an excess
of AA can lead to decrease of the degradation performance as this antioxidant can scavenge
generated ROS. On the other hand, a constant increase of the PS concentration (from 0.5 mM to
5.0 mM) leads to higher performance in SMX degradation. There is also a positive impact of the
UVA light as PS can be activated by both photocatalysis or Fenton-based processes. Since high PS
concentration cannot be considered economically viable for potential applications, we consider
concentrations of 0.25 mM AA and 2.0 mM PS in the rest of the present study.

The effect of AA and PS were investigated both in dark and UVA irradiation. Figure S2a shows the
degradation of SMX with varying concentration of AA with PS kept constant (2 mM). It is worth
noting that the degradation of SMX the removal efficiency increases with increasing
concentration and decreases as the concentration increased to 0.5 mM. Although ascorbic acid
(AA) acts as a reducing agent that accelerates the Fenton reaction by enhancing the redox cycle,
it is also a strong antioxidant that can scavenge reactive radicals, which may lead to consumption
of radicals. Experiment using different PS concentration from 0.5 to 5.0 mM shows that
increasing in degradation efficiency of SMX as the concentration of PS which is in converse with
the addition of AA (Figure S2b).

Text S4: Identification of SMX degradation products by LC-MS

SMX has a peak at [M+H]* = 254.0589 with sodium adduct [M+Na]* = 276.0407 and [M-H]- =
252.0437. The product P1 was generated by oxidation of the double bond on the aromatic ring.
P2 and P3 were identified as products of the sulphonamide bond cleavage by hydroxyl radical



leading to the formation the 3-amino-5-methylisoxazole and sulfanilic acid (Fig. S5). Products P4,

P5 derived from P1 isoxazole ring opening and further oxidation of aromatic ring.

Table S1: Ascorbic acid based heterogenous Fenton systems

Catalyst Oxidant Pollutant (conc.) AA conc. Performance Performance Refs

(dosage) (conc.) without AA (%) with AA (%)

Iron silicate | S,0572 Sulfamethazine 0.5mM ~20 90 1

(0.3 g/L) (1.0 mM) (2.5 mg/L)

Fe@Fe,03 H,0, Alachlor (74 uM) 1.0 mM ~10 100 2

(0.1g/L) (1.0 mM)

Fes0q H,0, (1.0 | Alachlor (20 mg/L) 0.5mM ~10 75 3

(1g/L) mM)

Silicate-iron H,0, p-nitrophenol 1.0 mM ~15 89 4
(2.5 mM) (100 mg/L)

Fe3* H20; Alachlor 0.2 mM ~40 100 5

(0.2 mM) (2.0 mM) (100 pM)

Fe,V40i3 S;082 (0.5 | Sulfamethoxazole 0.25 mM 17 55 This work

(0.5g/L) mM) (40 puM)

Table S2: Second order rate constants of SMX and scavengers with different reactive oxygen

species (ROS).

Chemicals k.oy [Ms7] kso:,' [M1s?] k, 0, [M1s?] Reference
Sulfamethoxazole 6.98 x 10° 2.98x10° 1.34 x 10° 7
Tert-butanol 6.0x10% 8.4x10° - 89
Isopropyl alcohol 8.2x10’ 1.9x108 - L0
Furfuryl alcohol 1.5x10%° - 1.2x108 n




Table S3: EDX analysis of FVO.

at.%
| 4.63
| 33.64
4272
|

C
0]
%

Fe 19.01

Table S4: The elemental concentration of FVO determined by XPS analysis (expressed in at. %).

Fe "4 (0] C N Feadc Vadc  Oadc Fervo Vrvo Okrvo
FVO 8.7 18.6 48.8 22.7 1.0 11.4 24.4 64.2 12.0 25.8 62.2

Table S5: Comparison of Iron vanadate catalyst performance to this work

Catalyst (dosage) Oxidant Pollutant (conc.) Conditions Deg. Perf. | RSE Refs

(conc.) (%) values
FeVOs HSOs Oxytetracycline pH 6, dark, 40min 100 0.108 12
(0.8 g/L) (1.0mM) | (20mg/L)
Fe203/V20s/BC HSOs Tetracycline pH 3, light, 120min 99.58 0.0002 .
0.2g/L) (100mM) | (10 mg/L)
FeVOa-1.1H20 HSOs Methylene blue pH 4, light, 60min 98 0.0098 “
(0.5g/L) (2 mM) (20 uM)
Self-doped FeVOs HSOs Sulfamethoxazole pH 5.41, light, 60 min 96.6 0.0477 ’
0.5g/L) 0.4mM) | (0.02mM)
a-Fe203/V20s/M0S;, | - Tetracycline pH 7.4, dark, 120min 86 - 16
(1g/L) hydrochloride,

(20.79 uM)

MoS2/FeVO4 H202 Tetracycline pH 4, light, 60 min 72 0.0016 7
(1g/L) (98 mM) (50mg/L)
FeaV4Ors H20- Acid Orange Il pH 6, light, 30min 68.7 - 8
(0.5g/L) (15 mM)
FeaVaOis HSOs Sulfamethoxazole light, 180min 55 0.323 This work
(0.5g/L) (0.5 mM) (40 uM)




Table S6: SMX and degradation products detected by LC-MS

Compound Rt Exp Theor Amu Exp Théor Am Molecular Proposed
(min) [M+H]* [M+H]* [M-HJ [M-HJ mu formula Structure
SMX 2.80 254.0589 | 254.0594 0.45 252.0443 | 252.0437 | 0.56 | CioH11N30sS | ™
276.0407
[M+Naj*
P1 2.64 270.0535 | 270.0543 0.78 268.0396 | 268.0387 | 0.94 | C10H11N3O4S
P2 1.83 172.0064 | 172.0063 | 0.08 CsH7NO3sS
P3 0.84 99.0556 99.0553 0.31 C4HsN20
P4 1.08 272.0693 | 272.0700 0.63 C10H13N304S
P5 0.90 288.0643 | 288.0649 0.59 C10H13N30sS

Table S7: The elemental concentration of FVO after the experiment determined by XPS analysis
(expressed in at. %).

C F Fe K N (o S v Feaqdc Vadc  Oadc
FVO 163 6.7 4.1 4.8 33 475 3.7 13.7 6.3 21.0 72.7
after
use

Table S8: Physicochemical characteristics of tertiary effluents collected at WWTP Bratislava-
Petrzalka on 10/10/2023 (data provided by BVS a.s. company - Bratislava Water Company).

Test Quantity

Chemical oxygen demand 26 mg Lt
Biological oxygen demand 3.0mglL?
Non-dissolved matter at 105 °C 10.0 mg L?
Total inorganic nitrogen 9.31mglLt




Total phosphor 0.55mg L?
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Fig. S1. Survey spectrum and high resolution XPS spectra of FVO demonstrating the
presence of C.
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Fig. S2. Effect of AA and PS concentrations on degradation of SMX under dark and light after 3
h reaction (fixed amount of 0.25 mM AA in Fig. S2a and 0.5 mM PS in Fig. S2b)



HoN

o]
HaN S//
o N—C, O// ~0oH
S// M CH 3S-N bond clea 4thage P2
7 NH
c o
-
SMX N CH
| s
l hydroxylation HoN
HoN
—0
o NH OH 7 Nf P3
HO & M " Va 7
SN N CHj g M
o]
P5

Fig. S3. Proposed degradation pathway of SMX.
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Fig. S4. Consumption of PS over 300min of the degradation of SMX under UVA exposure
Co(PS) 0.5mM.
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Fig. S5. Iron (ll) in the ternary system in dark and upon UVA exposure.
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Fig. S6. XRD of FVO before and after use for degradation of SMX.
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