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Text S1. Comprehensive testing of degradation

The 20 mg L! TC solutions were prepared to simulate a contaminant system and were
posed to achieve a homogeneous mixture. In each experiment, 10 mg of persulfate
(PMS) oxidant was added to 50 mL of the simulated composite pollutant solution and
sonicated to ensure uniform dissolution (initial 1-minute ultrasonic treatment followed
by mechanical stirring). Subsequently, the prepared catalyst sample was uniformly
dispersed in the solution at a concentration of 0.2 g L-! to initiate both degradation and
adsorption processes, which were accompanied by continuous mechanical stirring at
400 rpm. At specified time intervals, aliquots of the reaction solution were withdrawn
from the reactor, immediately filtered through a 0.45 pm nylon membrane, and
analyzed for dynamic concentration monitoring of TC using ultraviolet-visible (UV-
Vis) spectrophotometry, high-performance liquid chromatography (HPLC), and

inductively coupled plasma mass spectrometry (ICP-MS).

Text S2. The parameters of HPLC used for TC degradation

Chromatographic column: Phenomenex Gemini C18 column (250 mm x 4.6 mm, 5 pm)
Mobile phase: A mixture of 0.1% formic acid aqueous solution (A) and acetonitrile (B)
Elution program: Isocratic elution, A:B = 87:13 (volume ratio)

Flow rate: 0.4 mL/min

Column temperature: 40 °C

Detection wavelength: 355 nm

Text S3. Confirmation of highly toxic intermediates and discussion on potential
ecological impacts
Aquatic toxicity analysis

P2 (m/z = 459): The molecular weight is larger than TC, but the structural change
may cause its toxicity to specific aquatic organisms (such as green algae) to exceed that

of TC.



P13 (m/z =405): The molecular weight is still large, but the structural change may

cause its toxicity to green algae to exceed that of TC.
Developmental toxicity analysis

PS5 (m/z = 120): As above, its structural change may endow it with characteristics
similar to those of environmental endocrine disruptors, thereby having higher
developmental toxicity than TC.

P10 (m/z = 182): These are intermediates with significant structural alterations but
not completely fragmented. They may retain some of the biological activities of the TC
parent nucleus, and due to structural distortion, they have a stronger binding ability to

development-related receptors, thus resulting in higher developmental toxicity.
Mutagenicity analysis

P13 (m/z=405): Polycyclic conjugated compounds bearing multiple carbonyl and
phenolic groups are well-recognized mutagenic scaffolds. Their planar structures and
highly reactive electrophilic sites facilitate direct interactions with DNA, including
intercalation and covalent adduct formation, leading to a high predicted mutagenic

potential.



Fig.S2 (a) FeO (400), (b) Cu (111) planes in Fe/Cu-800 extracted from Fast Fourier
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Fig S3. Raman spectra of Fe/Cu-700, Fe/Cu-800, and Fe/Cu-900.
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Fig S4. X-ray photoelectron spectroscopy spectra of Survey core levels in Fe/Cu-800.
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Fig S5. Time-dependent catalytic degradation course curves of TC on Fe;04-800,
Fe/Cu-700, Fe/Cu-800, and Fe/Cu-900 samples: (a) relationship between C/C, and
reaction time, and (b) reaction rate.
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Fig S6. (a) Time-dependent TC degradation course curves over Fe/Cu-800 using
different TC concentrations. Reaction condition: [catalyst] =0.2 g L™!, [PMS]=0.2 g
L!. (b) Time-dependent TC degradation course curves over Fe/Cu-800 using different
PMS dosages. Reaction condition: [TC] =20 mg L', [catalyst] =0.2 g L.
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Fig S7. (a) Time-dependent TC degradation course curves over Fe/Cu-800 using
different catalyst dosages. Reaction condition: [TC]=20mg L™, [PMS]=0.2 gL
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Fig S8. (a) Time-dependent TC degradation course curves over Fe/Cu-800 at different

reaction pH tures. Reaction condition : [TC] =20 mg L™, [PMS] = 0.2 g L', [catalyst]
=0.2gL™"
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Fig S9. Time-dependent TC degradation course curves over Fe/Cu-800 with different
anionic interferents.
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Fig S10. Effect of quenching agents of L-his, MeOH, P-BQ, TBA on TC degradation
in the Fe/Cu-800/PMS system.
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Fig S11. (a-e) 3D fluorescence spectrum condition: spectra during TC degradation

process with Fe/Cu-800.Experimental conditions: [TC] =20 mg L-!, [PMS]=0.2 g L-
I, [Catalyst] =0.2 g L.
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Fig S12. (a) Infrared thermal images of Fe/Cu-800 modified glass fiber evaporating
tetracycline solution under illumination; (b) Infrared thermal images of Fe/Cu-800
modified glass fiber evaporating deionized water under illumination; (c) Infrared
thermal image of glass fiber evaporating deionized water under illumination; (d)
Infrared thermal image of Fe/Cu-800 glass fiber evaporating deionized water without

1llumination.
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Fig. S13. The time-dependent catalytic degradation process curve of TC on the Fe/Cu-
800 integrated evaporator: (a) the relationship between C/C, and reaction time, and (b)
reaction rate.



(C) 1.04 ﬁb -@-20°C
-9~ 30°C
08 -@—-40°C
(j 0.6-
S—
-
0.4+

0.2 E@

0 S 10 15 20
Time (min)

Fig. S14. The time-dependent TC degradation process curves of Fe/Cu-800 materials
were studied at different temperatures.



Table S1. A summary of TC degradation performances in different heterogeneous
catalyst/PMS systems.

PMS TC Removal Kobs k-value
Catalyst (g L) . ) . Ref.
(mM) (mgL?1) efficiency (min') (min'-mM)
86.5% .
Fe/Cu-800 1.314 20 0.235 0.179 This work
(20min)
70.8%
Fe/Cu-700 1.314 20 . 0.078 0.059 compare
(20min)
78.4%
Fe/Cu-900 1.314 20 . 0.106 0.081 compare
(20min)
89%
Cu/MIL-101 (Fe) 8 300 ) 0.111 0.0139 [1]
(30min)
FTO-2Co 1.314 10 81.2% 0.03 0.023 [2]
85.26%
BCsso/Fe 0.6 20 . 0.085 0.142 [3]
(30min)
CoP@Co, P 84.7%
oP@Co; 5256 20 0248 0.047 [4]
-3/ (14min)
75.90%
Fe;04,@MC 2.628 25 700032 0.012 [5]
(90min)
97.89%
Fe;04@T-BC 6.57 50 0023 0.003 [6]
(60min)
100%
Fe-O-BC 5 90 i 0.123 0.025 [7]
(40min)
, ) 80.75%
10%WOs/diatomite 3 40 _ 0.042 0.005 [8]
(180min)
81.75%
PC3 Ny 6 20 i 0.056 0.009 [9]
(60min)
M Fe, 150 94.90%
fogs Pe21s 4 g 20 0 0071 0.089 [10]
-CNTs (60min)
) 100%
Co Ni LDO/PMS 1.6 30 i 0.16 0.1 [11]
(60min)
. 98.20%
0.5-MoS,/NiCo,S, | 2.628 15 i 0.041 0.016 [12]
(90min)
80.40%
US/PMS 0.2 20 ) 0.018 0.090 [13]
(60min)




Table S2. The influence of different inorganic anions on the corresponding TC
concentration changes over time.

Time Control Cr HCOy NO;5 H,PO, CO,*
0 1 1 1 1 1 1
1 0.59492 0.54505 0.51922 0.74496 0.91967 0.90021
2 0.38426 0.40375 0.43601 0.55784 0.82935 0.85408
4 0.28209 0.32349 0.33691 0.40959 0.71756 0.77772
6 0.23014 0.27946 0.28306 0.34616 0.66082 0.70905
8 0.20817 0.25894 0.24953 0.30094 0.59362 0.64467
10 0.17532 0.24199 0.21716 0.26842 0.53943 0.59764
15 0.14133 0.2188 0.19052 0.21334 0.45696 0.48784
20 0.13486 0.19462 0.16729 0.20574 0.40473 0.40647

Table S3. ICP-OES elemental analysis of Fe and Cu content in Fe/Cu-700, Fe/Cu-
800, and Fe/Cu-900 catalysts.

Catalyst Fe/Cu-700 Fe/Cu-800 Fe/Cu-800
Fe (%) 27.53 62.3 77.63
Cu (%) 1.47 2.23 2.27

Table S4. ICP-OES quantification of Fe and Cu leaching concentrations in the
reaction solution across four experimental groups and the corresponding metal content
of the recovered Fe/Cu-800 catalyst before and after the reaction.

Fe/Cu-800 before 1 2 3 4 after
Fe 62.3% | 0-289 ppm | 0.292 ppm | 0.790 ppm | (360 ppm 48%
Cu 2.23% | 1.638 ppm | 0.049 ppm | 1.315ppm | 0.052 ppm 1%




Table SS. Detailed information on TC degradation intermediates.

Chemical Exact Molecular
Number Proposed structure
Formula Mass Weight
o s Y OH
TC | C22H24N208 | 444.15 444.44 CU LT T
OH O OHéHO o]
Ho. - o \f}l/
< OH
P2 | C22H22N209 | 458.13 458.42 CU LT
OH O OHéHO o]
HO_ "
~ OH
P3 C21H22N208 | 430.14 430.41 9009 "
OH © OHéHO o}
c?:H3 H3C‘§H
P4 | C21HIONO7 | 397.12 397.38 4000
OH O OHOHO e]
o O
P5 C3H405 120.01 120.06 HOMOH
OH
P6 C6H120 100.09 100.16 H/(
o]
HO, = WH,
{ OH
P7 | C20H20N208 | 416.12 41639 CUTTLT
OH O OHéH o
OH
HO OH _OH
P8 C8H1609 256.08 256.21 mm
OH O
HO._ _OH _OH
P9 C6H1207 196.06 196.16 HO%OH
OH O
COOH
P10 C8H605 182.02 182.13 @COOH
OH
OH
P11 C4HINO4 135.05 135.12 Ho \(Jiﬂ,NHz




" _OH
P12 | Cco1H22N208 | 430.14 43041 O"‘ "
R 2
OH O OHOHO o]
HO,
N OH
P13 C20H23NO8 | 405.14 405.40 mwz
OH O OHOHO @]
P14 C7H602 122.04 122.12 @vo
OH
: HN/
: ‘. _OH
PI5 | C21H2INO7 | 399.13 399.4 90009
OH O OHGHO
OH
P16 C9H1004 182.06 182.18 %OH
HO o
HO N
P17 C6H120 100.09 100.16
HO, = NH;
N ~ OH
P18 | C20H20N207 | 400.13 | 40039 CU XTI
OH O OH O (0]
HO =
OH
P19 CI13H1406 266.08 266.25 @;:r o
OH O (o]
OH
P20 C10H1004 194.06 194.19 @;;[OH
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