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Abstract: In response to the current limitations of the Fe**/periodate (PI) system, which is difficult to sustain effective performance
and is merely applicable under acidic conditions, a system of visible light (VL) and 3,4,5-Trihydroxybenzoic acid (TA) cooperating
with Fe®" for activating PI was constructed. The results indicate that the combination of VL and TA can accelerate the redox cycling
between Fe*'/Fe*’, significantly enhancing the performance of activating PI. The VL/TA/Fe**/PI system can achieve the complete
degradation of sulfadiazine (SD) within 30min, with better efficacy under neutral and acidic conditions. Anions such as Cl', NOs,
and SO,* have minimal effects on SD removal, whereas the existence of HCO;  significantly inhibits SD elimination. At the same
time, humic acid (HA) exhibits a promoting effect. Quenching tests and electron paramagnetic resonance (EPR) analysis confirmed
that hydroxyl radicals (HO#) and singlet oxygen ('0,) were the primary reactive species responsible for SD removal. Based on mass
spectrometry analysis, 6degradation intermediates were verified, and 3 possible degradation pathways for SD were proposed. Using
radish as a model organism for phytotoxicity assessment, it was demonstrated that the toxicity of SD-contaminated water was
significantly reduced after treatment. Simultaneously, the system exhibited excellent treatment efficiency in various real water
matrices. Furthermore, this system exhibits favourable degradation performance for multiple typical emerging contaminants
prevalently existing in natural water bodies, indicating broad application prospects.
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Fig.l The degradation performance of SD in different systems (a) and the change of Fe*" concentration during the reaction (b)
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Fig.2 Effect of different initial PI on the degradation of SD
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Fig.3 Effect of different initial Fe** on the degradation of SD
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Fig.4 Effect of different initial TA on the degradation of SD
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Table 1 Effects on seed germination of radish before and after

remediation of SD—contaminated water

b 4tk SD V5 ¥ BRI
R H(%) 100 100 100
ZK(cm) 4.62 1.24 3.97
H-Ke(cm) 0.92 0.72 0.91
K (cm) 8.81 0.7 6.93
HRELHR) 1 1 1
3 #ig

3.1 MET VL/TA/FS/PI ALK ZR T T FEAR K
B SD, I H R BE AL EL AT ¥R 90 4 fe 1
241K (0.10mmol/L Fe’* 0.10mmol/L TA . Immol/L
PI)iZ Ak R AEMEAE 30min P LI SD(20pumol/L) ) 5¢
A [ S A RS2 I RN R L B oy BT & R 3R
W], HO-F1 'O, J& VL/TA/Fe*"/P1 1A % e - 24
(1) RS; SR 1) HELAL 27 bl DA R S B #E v Pl
(AL E— D B T PI (R fkig 2l UPLC—
MS 7 HT%E T SD (1 6 Bl = ZEREMR =4, JE 48 T
AR 1) B a8 A7

3.2 PPl T SRR IREE R X VL/TA/Fe™/PT 484k
PR ZBEA# SD W52 M A% R RAE IR PE 45 11 N 3R
B EEAR) SD FEARSUR KA ILAE (1) HCO; *t
SD (fy B A= A T W 3 HIAE L C Y SO A
NO; A H 52w AN H 5 HA A2 33k SD 1) A
3.3 R9 T VL/TA/F* /PIEAA R )2 38 T k.
AR ZRAE 2 SE B K AR ST R G 148 2R T
H 1R F AR 0] DL sk B At 22 P BT e 0 o0 F
BB A A A, I SD ¥5 YK AR L 1A
RACHLJE B N4l A A B AR AR A T L DL
25 B VL/TA/Fe® /P 1A 28 BAT R4 1) 3 FH 1 5+

S k-
[1] Ottosen C F, Bjerg P L, Kiimmel S, et al. Natural attenuation of

sulfonamides and metabolites in contaminated groundwater—Review,
advantages and challenges of current documentation techniques [J].
Water Research, 2024,254:121416.

[2] Yang S, Shi Y, Wang X H, et al. Selective elimination of sulfonamide
antibiotics upon periodate/catechol process: Dominance of quinone
intermediates [J]. Water Research, 2023,242:120317.

[31 He S Z, Zhi W, Shuo L, et al. Dissecting the ecological risks of
sulfadiazine degradation intermediates under different advanced
oxidation systems: From toxicity to the fate of antibiotic resistance
genes [J]. Science of the Total Environment, 2024,941:173678.

[4] WL, EWE R A AN SR S A IR v gt TR A AR T R
ek [7]. FREIRFE, 2018,39(7):3434-3442.

Shi H L, Wang X C, Li Q. Abatement characteristics of typical
antibiotics during aerobic composting of human waste [J].
Environmental Science, 2018,39(7):3434-3442.

[5] Zeng HP, Chen Y, Xu J X, et al. Iron-based materials for activation
of periodate in water and wastewater treatment processes: The
important role of Fe species [J]. Chemical Engineering Journal, 2024,
482:148885.

[6] HeLY,LvLX,Pillai S C, et al. Efficient degradation of diclofenac
sodium by periodate activation using Fe/Cu bimetallic modified
sewage sludge biochar/UV system [J]. Science of the Total
Environment, 2021,783:146974.

[7]1 ChoiY, Yoon HI, Lee C, et al. Activation of periodate by freezing for
the degradation of aqueous organic pollutants [J]. Environmental
Science & Technology, 2018,52(9):5378-5385.

[8] Afzal, M Z, Zhang H, He H K, et al. Periodate-driven efficient
degradation of diverse pharmaceuticals with iodine-doped MnO; [J].
Chemical Engineering Journal, 2024,499:155917.

[99 PuY C D, Han J G, Guo H, et al. Degradation of emerging
contaminants in water by a novel non-thermal plasma/periodate
advanced oxidation process: Performance and mechanisms [J].
Environmental Science & Technology, 2024,483:149194.

[10] Chen Y, Yuan X, Jiang L, et al. Insights into periodate oxidation of
antibiotics mediated by visible-light-induced polymeric carbon nitride:
Performance and mechanism [J]. Chemical Engineering Journal, 2023,
457:141147.

[11] Yao B, Zhou Y Y. Enhanced degradation of sulfathiazole by ionizing
radiation activated persulfate and periodate: Performances and
mechanisms [J]. Environmental Chemical Engineering Journal, 2024,
496:154284.

[12] Guo D L, Yao Y, You S J, et al. Ultrafast degradation of
micropollutants in water via electro—periodate activation catalyzed by
nanoconfined Fe>O; [J]. Applied Catalysis B: Environmental, 2022,
309:121289.

[13] Lin J, Hu Y, Xiao J, et al. Enhanced diclofenac elimination in Fe
(IT)/peracetic acid process by promoting Fe (IIT)/Fe (IT) cycle with ABTS as
electron shuttle [J]. Chemical Engineering Journal, 2021,420:129692.

[14] Carlos T D, Bezerra L B, Vieira M M, et al. Fenton—type process using
peracetic acid: Efficiency, reaction elucidations and ecotoxicity [J].
Journal of Hazardous Materials, 2021,403:123949.

[15] Xiao Y, Xiong L, Xu Y, et al. Elimination of bisphenol A with visible
light-enhanced peroxy disulfate activation process mediated by
Fe**-nitrilotriacetic acid complex [J]. Journal of Hazardous Materials,
2022,440:129780.

[16] Ahile U J, Wuana R A, Ttodo A U, et al. A review on the use of
chelating agents as an alternative to promote photo—Fenton at neutral
pH: Current trends, knowledge gap and future studies [J]. Science of
the Total Environment, 2020,710:134872.

[17] Caregnato P, David gara P M, Bosio G N, et al. Theoretical and
experimental investigation on the oxidation of gallic acid by sulfate
radical anions [J]. The Journal of Physical Chemistry A, 2008,112
(6):1188-1194.

[18] Hou Y, Fu Q, Zhong H J, et al. High—performance plastic—derived
metal-free catalysts for organic pollutants degradation via Fenton-like
reaction [J]. Science of the Total Environment, 2024,916:170185.

[19] Liu Y, Qiu T, Wu Y, et al. Remediation of soil contaminated with



2838

o[ F

ST
5%

B

45 %%

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

(32]

[33]

[34]

[35]

[36]

ibuprofen by persulfate activated with gallic acid and ferric iron [J].
Chemical Engineering Journal, 2021,426:127653.

Wang G, Qin J, Feng Y, et al. Sol-gel synthesis of spherical
mesoporous high—entropy oxides [J]. ACS Applied Materials &
Interfaces, 2020,12(40):45155-45164.

Pan T, Wang Y, Yang X, et al. Gallic acid accelerated BDE47
in PMS/Fe (III)
autocatalyzed redox cycling of iron [J]. Chemical Engineering Journal,
2020,384:123248.

Dong H, Qiang Z, Hu J, et al. Accelerated degradation of iopamidol in
iron activated persulfate systems: Roles of complexing agents [J].
Chemical Engineering Journal, 2017,316:288-295.

Ahile U J, Wuana R A, Itodo A U, et al. A review on the use of
chelating agents as an alternative to promote photo—Fenton at neutral
pH: Current trends, knowledge gap and future studies [J]. Science of
the Total Environment, 2020,710:134872.

Jin'Y, Wang X, Sun S P, et al. Hydroxyl and sulfate radicals formation
in UVA/Felll-NTA/S,Og> system: Mechanism and effectiveness in
carbamazepine degradation at initial neutral Ph [J]. Chemical
Engineering Journal, 2019,368:541-552.

Liu F, Li Z, Dong Q, et al. Catalyst-free periodate activation by solar

degradation system: Oxidation intermediates

irradiation for bacterial disinfection: Performance and mechanisms [J].
Environmental Science & Technology, 2022,56(7):4413-4424.

Zhu Y C, Wang F, Zhou B H, et al Photo—assisted Fe*' modified
molybdenum disulfide activated potassium persulfate to degrade
sulfadiazine: Insights into the degradation pathway and mechanism
from density functional theory [J]. Chemical Engineering Journal,
2024,435:134904.

LoulJ, AnJ T, Wang X Y, et al. A novel DBD/VUV/PMS process for
efficient sulfadiazine degradation in wastewater: Singlet oxygen—
dominated nonradical oxidation [J]. Journal of Hazardous Materials,
2024,461:132650.

Yuan Y L, Wang W Y, Nie M H, et al. Visible light-mediated
activation of periodate for bisphenol A degradation in the presence of
Fe™ and gallic acid at neutral pH [J]. Chemical Engineering Journal,
2024,479:147541.

Ling C, Wu S, Han J A, et al. Sulfide-modified zero—valent iron
activated periodate for sulfadiazine removal:
dominant routine of reactive species production [J]. Water Research,
2022,220:118676.

Tang H L, Xu Y, Tang W P, et al. Palygorskite supported nanometer

Performance and

spherical Fe>Oscomposite as an effective photocatalyst for
peroxymonosulfate activation: Promotion of the Fe(IlI)/Fe(II) cycle by
photogenerated electrons under visible light [J]. Chemical Engineering
Journal, 2024,496:154055.

Zeng H P, Chen Y, Xu J X, et al. Iron—based materials for activation
of periodate in water and wastewater treatment processes: The
important role of Fe species [J]. Chemical Engineering Journal, 2024,
482:148885.

Chen Y Q, Liu L, Wei J, et al. Iron-based materials for activation of
periodate in water and wastewater treatment processes: The important role
of Fe species [J]. Chemical Engineering Journal, 2024,492:152171.

Yin J L, Zhang H, Luo M F, et al. Regulating the dominant reactive
oxygen species from Fe(IV)-oxo to 'O, by deprotonation of Fe(IV)-
oxo in electro-Fe(Il)/periodate system [J]. Chemical Engineering
Journal, 2024,479:154896.

He L, Lv L, Pillai S C, et al. Efficient degradation of diclofenac
sodium by periodate activation using Fe/Cu bimetallic modified
sewage sludge biochar/UV system [J]. Science of the Total
Environment, 2021,783:146974.

RAKE K B0 2 A SRR RNk MOFs/id Bl iR £ 14 22 R it
TERERERE (7] EEREEREE, 2021,41(6):2685-2697.

Wu C Z, Zhang W, Wan Y T, et al. Degradation of sulfadiazine by
hydroxylamine hydrochloride/iron-based MOFs/persulfate system [J].
China Environmental Science, 2021,41(6):2685-2697.

Tang S, Zhu E, Zhai Z, et al. Visible light-mediated activation of
periodate for bisphenol a degradation inthe presence of Fe’* and gallic

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

EEREN: #

acid at neutral pH [J]. Chemosphere, 2023,319:138025.

Haag W R, Gassman E. Singlet oxygen in surface waters—Part I:
Furfuryl alcohol as a trapping agent [J]. Chemosphere, 1984,13(5/6):
631-640.

Zhang Y M, Nie S H, Nie M H, et al. Remediation of sulfathiazole
contaminated soil by peroxymonosulfate: Performance, mechanism and
phytotoxicity [J]. Science of the Total Environment, 2022,830:154839.
VAL, 2 R B 3 W A A5 e A 2 IR BR IR L SR RS ik A
fEK XU A [1]. TR FREERRY, 2023,43(3):1186-1196.

Xin L H, Yan C X, Nie M H, et al. Degradation of bisphenol A in
water by trace copper ions combined with bicarbonate—based Fenton
system [J]. China Environmental Science, 2023,43(3):1186-1196.

Liu F, Hou Y, Wang S, et al. Periodate activation by pyrite for the
disinfection of antibiotic-resistant bacteria:
mechanisms [J]. Water Research, 2023,230:119508.
KD, EE R, 2R A P AR IR v R e A AR K
FHRIAZIEE [V]. H EIRETRLE, 2024,44(7):3767-3779.

Zhang Y, Yuan Y L, Yan C X, et al. Efficient removal of sulfadiazine by
water hyacinth (Eichhornia crassipes) biochar combined with periodate in
water [J]. China Environmental Science, 2024,44(7):3767-3779.

Liu J G, Jiang S J, Chen D D, et al. Activation of persulfate with
biochar for degradation of bisphenol A in soil [J]. Chemical
Engineering Journal, 2020,381:122637.

Zhang X, Kamali M, Uleners T, et al. UV/TiO,/periodate system for
the degradation of organic pollutants—Kinetics, mechanisms and
toxicity study [J]. Chemical Engineering Journal, 2022,449:137680.
Cui Q T, Zhang M, Chen M, et al. Comparative studies of sulfadiazine
sodium degradation performance and mechanisms in the systems of
persulfate with and without activation [J]. Chemical Engineering
Journal, 2024,483:149356.

An Q, Chen D Z, Qin P, et al. Research progress of biochar activation

Performance and

technology and biochar catalyst [J]. China Environmental Science,
2021,41(10):4720-4735.

Xu L, Xu C, Zhao M R, et al. Oxidative removal of aqueous steroid
estrogens by manganese oxides [J]. Water Research, 2008,42(20):
5038-5044.

Zhu S, Li X, Kang J, et al. Persulfate activation on crystallographic
manganese oxides: Mechanism of singlet oxygen evolution for
nonradical selective degradation of aqueous contaminants [J].
Environmental Science & Technology, 2018,53(1):307-315.

Cai H, Zou J, Lin J, et al. Sodium hydroxide-enhanced acetaminophen
elimination in heat/peroxymonosulfate system: production of singlet
oxygen and hydroxyl radical [J]. Chemical Engineering Journal,
2022,429:132438.

Liu J G, Jiang S J, Chen D D, et al. Activation of persulfate with
biochar for degradation of bisphenol A in soil [J]. Chemical
Engineering Journal, 2020,381:122637.

Madej-Knysak D, Adamek E, Baran W. Biodegradation of
Photocatalytic Degradation Products of Sulfonamides: Kinetics and
Identification of Intermediates [J]. International Journal of Molecular
Sciences. 2024,25,6688.

Guo R, Qi Y, Li B, et al. Efficient degradation of alkyl imidazole ionic
liquids in simulated sunlight irradiated periodate system: Kinetics,
reaction mechanisms and toxicity evolution [J]. Water Research,
2022,226:119316.

9 PR R BB EE, AR K BHOGI 2 e LR 6 A /K vh B vs Aoty
RGP (1] FIFRE 2R, 2024,44(7):95-103.

Peng C, Qiu L H, Yan C X, et al. Degradation of carbamazepine by
periodate combined with solar light in water [J]. Acta Scientiae
Circumstantiae, 2024,44 (7):95-103.

Zhou J, Ma F, Guo H, et al. Activate hydrogen peroxide for efficient
tetracycline degradation via a facile assembled carbon—based composite:
Synergism of powdered activated carbon and ferroferric oxide nanocatalyst
[J]. Applied Catalysis B: Environmental, 2020,269:118784.

FF(1999-), 4, AR 2 PO G I R 2 4 -5

E BRI R S BRI 5.893152035@qq.com.



