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Abstract [ Objective ] In view of the ecological risks and health threats brought by the widespread detection of tetracycline
antibiotics (TCs) in the aquatic environment, this paper systematically investigates the degradation efficacy and mechanism of the
ultraviolet (UV')/hydrogen peroxide ( H,0,) system on tetracycline (TC) to provide a theoretical basis for the control of antibiotic
pollution in the aquatic environment. [ Methods| Batch tests were carried out with a collimated beam reaction device to investigate
the effects of reaction time, H,0, dosage, pH, Cl~, SO3", HCO; and aqueous substrate on the degradation process, and the reaction
mechanism was revealed by combining kinetic analysis and product characterization. [ Results]  The results showed that the TC
degradation followed a pseudo-first-order kinetic model, and the apparent rate constant of the UV/H,0, system (0.094 min™") was
27. 6 times higher than that of the UV system alone; the optimal dosage of H,0, was 15 mg/L, and the neutral and alkaline conditions
(pH value of 7~9) were more favorable for the degradation; the C1~ showed a dual effect of promotion followed by inhibition, the SO
had a weak effect, and HCOJ exhibited a dual regulatory effect: it accelerated the reaction in the early stage but eventually reduced the
removal rate; the presence of natural organic matter (NOM) in real water matrices exerted a competitive scavenging effect on reactive
species, resulting in a reduction in TC degradation efficiency from 94% to 61% compared with that in pure water; the hydroxyl radical-

dominated degradation pathway involves hydroxylation, dehydroxylation, demethylation, ring-opening, with final mineralization into
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CO,, H,0, and NHj. [ Conclusion ]

The UV/H,O0, process can effectively degrade TC, and the water quality parameters have a

significant regulatory effect on the reaction efficacy. The experiment provides a reference for the optimization of antibiotic pollution

control process.

Keywords advanced oxidation process( AOP) ; ultraviolet (UV) ; hydrogen peroxide (H,0,) ; tetracycline (TC) ; kinetics
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H1 3 AT LK H AR5 QA ML S B o ik Sl /N Y
e,

Cl"+H,0,— OCl"+H,0 (4)

H'+0Cl™ <> HOCI (5)
uv

HOCl — -OH+Cl- (6)

WA, CIm 5 -OH R AR C1- [ (7) ~ K
(8) 1. Cl- & ELAT i A o S 1k 30 Dt L A7 11 5 S AL
R, TR B TR W R AR R N, CL- ]
S AR Cl[3(9) ], Cl-fCly 5 H st
AP SN A E S - OH KRB,

Cl"+-0H — HOCI™ (7)
HOCI+H"— Cl-+H,0 (8)
Cl-+Cl” — Cl; (9)

I SN e 0, B 1,0, PITNFE, C17 X H 3
THRVEHIZ AR B R [ (7)1, AR T B &
2.2.4 SOY By

SOY JIZAFET A SR KM F Wi H B3
FIEXF . BEAl, SOT 38 mT 3 i 5 4 W Bt 2% &
S HAE I BLTTYE , 8 1 X6 R it ok R 1 36 g 2 7=
SN, A — RS SOT TEASIRIREE T X TC [#%
R AIVE R, A 5648 Na, SO, 7E 4 SO U8, B il
T 1.10 mmol/L 1 50 mmol/L 3 Fhife B A6 B 1A U
RIGZERANE 10 iR 4878 T SOT HREEXT TC FEf#
LESIATTN

Hi & 10 A] 41, ZE 1T 30 min PN, TC B R i 3 %

LRI E . FT 10 min P YRR 0% B S BT
H: 7% 1 mmol/L SOT ¥ W > 50 mmol/L SOT &
W>F 10 mmol/L SOT ¥ > AN SO Wil., &
1 mmol/L SOi_ IR TC B R AERT 40 min P
o 40 min DAJS 4 PRI BE AR B s 2R - A
£ SOY W > 1 mmol/L SOY W > 10 mmol/L
SO ¥WE>F 50 mmol/L SO¥ VAT , W Al S i {8 4%
A 94.38% .92.60% . 89.94% . 86.39% . Hi I AI
WL, SOY 1E =P AL T AR A WL R rh A7 AE
—sE BYIE [ 2 (10) T, (H 52 i S AR AR XS 0N,
A~ OH AR IEBRF

-OH+S0Y — SO, +OH" (10)
4 4

2.2.5 HCO; Ay

HCO; Z/KIREE T UL B+, XK ik pH 22
i R AR A B i ok B A B R, AR i 56 1 T
NaHCO, 443 B ] 1.10.50 mmol/L 1 #e & 6
BE, LIFRFERIR HCOS T TC MRS {74
ZEOLE 11 PR,

ZER R, ZERT 20 min PN, TC BY &M 3R
FME A & 50 mmol/L HCO; A > 10 mmol/L
HCO; > 1 mmol/L HCO; %>R % HCO; &
W, TERT 10 min P, 4 B B R i 58 10 XoF L e A B
2,53 514 70. 12% ,66. 86% .60. 06% .45.27% , X
FEH BN AT M, HCO; X TC 1 R A A7 2 328 A
20 min 2ZJF, A HCO () TC 5 FE i L 5
1 mmol/L HCOZ IFW Y TC ¥, HCO; AYIMHI1E



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 10,2026
October 25th, 2026

1.OF —=— (0 mmol/L
—&— 1 mmol/L
08l —4— 10 mmol/L

—¥v— 50 mmol/L

arc,

0.4

021

0.0F

0 10 20 30 40 50 60
i [E]/min

0.06

005 0.047

0.042
0.04 0.037

0.032

0.01 1

0.00

0 1 10 50
SOz ¥ ¥ /(mmol-L ')

B 10 (a)SOY HKEXT TC FEMRIERHM; (b) UV/H,0, EEHR TC Bk, 5 SOY iREHXE

Fig. 10

(a) Effect of SO} Concentration on TC Degradation; (b) Relationship between k_of TC

in UV/H,0, System and SO~ Concentration

1.0 —=—( mmol/L
—*— 1 mmol/L
08k —4— 10 mmol/L
' —¥— 50 mmol/L
0.6
g}
o4t
02
00

0 10 20 30 40 50 60
i [6]/min

(®)

0.061

0.051 0.047

0.042
0.04+ 0.037

0.031

0.01F

0.00

0 1 10 50
HCO, % J#/(mmol-L ')

B 11 (a)HCO; iRE3T TC FEMEIRAENE; (b) UV/H,0, KRt TC H k,, 5 HCO; iREMNXFR

Fig. 11

(a) Effect of HCO; Concentration on TC Degradation; (b) Relationship between £ of

TC in UV/H,0, System and HCO; Concentration

TRGARIL S 40 min UG, B R e S 0 HE
TSR SE R : A& HCO; Y>3 1 mmol/L
HCO; %> 10 mmol/L HCO; ¥ > 50 mmol/L
HCO; ¥ W, B At 2 B AE 23 3 4 94. 38% ,90. 24% |
82.84% .77.81%, FHILAI UL, HCO; 7@ A 1L T
RESRA LY AR T R 2 RORTEIIRCR . —
JITE, HCO; FAEAE T RN T TC Y R fifg o < ;
J3—J5 i, HCO; FeZFBEAR T FEM AR, H HCO; ik
JE R, TC BRI

HCO; J&-OH [R5 - OH KM Al
A coy [ (11) ], 75 HCO; By KW,
HCO3/CO3 Z A7 76 B B-F- 5 , 177 COT [RIFE RE 8
5.OH WA €Oy [0 (12) ], HF HCO; Al

CO7 X -OH HAKRIERIEN A& - OH fads
WRE REAR, 75 34 4 1 B8 e ook A% 52 B, Rk,
HCO; MIFAEE I T B A AR TR, SR
MAEAE o, HCO; 76 B b mir AR B o 1 42 ik AR
L AR Z B BAGE T —3 g 0 HFE K T B
T TC T & A2 LA, 3 fn —
HELEIEL, h HCO/COT 5-OH A i) COy
BB A5 TR b T 5 5k 26 5 i - L AL R HE TC B W 4R
W frat A5
HCO;+-0H — CO; +H,0 (11)
CO¥ +-0OH — CO; +OH" (12)
2.3 SKERK{EH TC HIPERR
h T WFFE SR KA T TC R A B, R B



[ R, L, i, 45

UV/H,0, B REA T 2 B Kz b i DU 3R 3K

Vol. 45,No. 10,2026

KW UE S5 K AE R T 50K 5, B il 10 me/L 1 TC
W, I e xd B KT UE S K K B HEAT T

R, [R]IEITJ A i 4, K RS k1 pis
SR 12 s,

F1 BRI BIEREKKER

Tab. 1

Water Quality after Sand Filtration in WTP B

WH  ERE/NTU pHA  mRRERIE R (mg-L7)

254 nm AbEAMRIREL(UV,s4) 7 ( em™)

VAR AT YR/ (mg- L)

18 0. 121 7.34 1.42 0. 024 9.83
200 e PRI EE -OH, 5 TC 74 T35 4 X 5, Al 13
— STk AL, SR P T A 04T BLTS S TC 1 A

0.0 : : ,
200 250 300 350 400 450
P/mm

B 12 B K BIEEK.TC &KL 200~450 nm
R B IR St B il 2%
Fig. 12 Absorbance Curve of Water after Filtration
in WTP B and TC Solution in 200-450 nm Band

MUK R 357 nm B, SEBRZKARXT TC WO BE 1Y
SEMAAR /N B 357 nm WY EE AT DLFIAVESRAE TC &
LR . RIS IR REERI IR pH (ER 7. 0 DR
4 m)/(em’s) (H,0, BUEVE K 15 mg/L 1 5%
PR AT, BB 10 min ARUKEFENN 2 TC 5 4 ik
UV, , LR AR 5N TC BIREfRAT . 45
AN 13 i,

FgE ) WL, K 8 KSR A HLY (NOM) A L
- OH F2E B ; SR 1T, NOM A B 4E A [ i 34 32

FEAEARSR AN FIME ] . 60 min J5, H#4li7K (RO)
Be il () TC 59 ( TC-RO ) B 2R N 949% , T LA 52 s
IKRAE RS S B AY TC I (TC-NOM ) & fiff % hy
61% ., WL sl J12#50 01, TC-RO ¥ k,,, /& TC-NOM
WY 2. 47 %5, 45 RFEW, &H NOM ) TC i W
B [ N AR ff R Ak T 9%, X T e A
o H,0, ERHAETRR,

2.4 [MEBEFYISH

M ETIR AT, UV/H,0, T 2% TC YR MR+ 2
M H TC R KR ZIEED Ak, 2 0 i /N oy
FHUY, BFFE T, TC A B 7E = 40t
P2 K e G, BEAR I W . (H7E 5 -OH [ J=
TEZE AR X B 25 th BRI . BEAE SO IR [] fr) A
K, PORIETR S X UL TC 45 - OH B f#
Ji T g Se A S E BH R 2 /NG W L, T BE A R
2 R
VFZHE5EXT - OH 51 5/ TC FEMAALEEIETT T 43

Br, EZASE R IA RN A SN | 25 HERAE RN
FEIR SN 28 S B4 ST Ny TR
(b)

0.06-
LOF —=— TC-ROVHHE
—o— TC-NOMIAR
0.8 0.05- 0.047
0.04r
0.6 | o~
o) g
9 £ 003
0.4+ s
ey
0.0zl 0.019
021+
0.01r
0.0 -
1 1 1 1 1 1 1 OOO 9
0 10 20 30 40 50 60 TC-RO% TC-NOM¥ i
FisJ [)/min LN S
B 13 (a) REIKMAX TC EMABRIM; (b) UV/H,0, FRF TC H k,,, SRRKEHXR
Fig. 13 (a) Effect of Different Water Bodies on TC Degradation; (b) Relationship between £k, of

TC in UV/H,0, System and Different Water Bodies



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 10,2026
October 25th, 2026

PR A 52N BEA T 46 CO, (H,0 R NH; 77

FSA N
+16 Da (+0)

m/z=461.15 (C,,H, N.,O,)

2277247 279

Wi S
—~18 Da (-H,0)

CHy

/\

m/z=443.14 (C_JH, N,0,)

2277227 278

& 14

CHy

4

"l
INH

o P e "

IS & M A
IR
-32 Da(-H,0 -CH,)

A BERI I AL A - ) AR AR NP 14 PR

CHy

@Lhiﬁr

TC m/z=445.16 (C,,N,0,)

2224278 e
K VA
_+14 Da (+O-2H)

X CHy
N

g-

seced

m/z=459.14 (C,,H,,N.,O

ol 22122 279

LI .
Y

m/z=413.13 (C,,H,N,0,)

-OH & T TC AT RERIH) 45 M R 7= Hp Fn g 42 1)

Fig. 14 Possible Initial Degradation Products and Pathway of TC under -OH Attack"*"

3 it
(1)TC 7€ UV/H,0, T2 T R AT & —
R IR TC BA — G RE, 76 UV ORI
SR A B ] LUK AR S i, (R R AR, TC 7
H,0, FJLFEARRESR, UV IEHA T H,0, J5,TC /Y
FOURE A R LT T 27. 6 1%,
(2)H,0, BTtk FE B, TC s B, X
— SRR H,0, &0F FARBLAS e W,
pH i LT FIT TC AR , BlE 25 F T AR Atk
KPP, X5 TC MAFTEIESA XK, CI7 X TC 1R
R S PP TE M BT 10 min S AEHE | TS5 R B A
AR R R E) 90% L) -, & 4L R AT R i

5o B CUEE RN TC MR fEsZ gL /N, SO Xt TC
WIREfR 2B T — 5 RS VE T, (52 ma SR e/

HCO; X TC MIFEfR 23 T Wi ER . HCO; 1Y
FELET RIS T TC 1R fiff ol 6 (0 B e PR AR T
FEfReR, H HCO; WRBE#R &, BEAR AR, SEhRoK
RAEES NOM R R e+ ENTNAEAERZ Y
TC P4 T34 & Wi T TC - OH A9
(3)TC 75 -OH 5| 5 T 1Y R I 4% 2 ZAL 5 72
FAL RN BB R N | 2 H AR RO TR ER RN

RIS, SN TACE Y, PERER SOV 1k
A1 €O, H,0 #1 NH; ,

S 30k

T, 2. PR R G R AL A AR 5t
R, 2023, 52(6) : 1807-1812.

Wang C Y, Li C. Research progress on the distribution and
Applied

(1] HREL]. B

treatment technology of tetracycline antibiotics [ J ].
Chemical Industry, 2023, 52(6) . 1807-1812.
LiJY, Qn Y, Zhao C H,
Potential drugs [ J 1.
Pharmacology, 2023, 956: 175949. DOI. 10. 1016/j. ejphar.
2023. 175949.

et al. Tetracycline antibiotics:

anticancer European  Journal — of

Harrower J, Mcnaughtan M, Hunter C, et al. Chemical fate and
partitioning behavior of antibiotics in the aquatic environment—A
review[ J]. Environmental Toxicology and Chemistry, 2021, 40
(12): 3275-3298.

R, FBef, fH08, & RIFESIRZ K EPHiER
FyivEFE R AR IE S IR M [ ], SRR R, 2021,
34(9) . 2143-2153.

Song R R, Guo X C, Lu S'Y, et al. Occurrence and source
analysis of antibiotics and antibiotic resistance genes in surface
water of east Dongting Lake Basin [ J ].
Environmental Sciences, 2021, 34(9) . 2143-2153.

sREM, FICE, XIBeHE, 45 FRIEZKIRE PR R WA S
BB PEAG B ST R[], R BEAL S, 2018, 37(7):

Research  of



[ R, L, i, 45

UV/H,0, B A T 2 B 0 i PO 3R

Vol. 45,No. 10,2026

[10]

(11]

[12]

[13]

[14]

1491-1500.

Zhang G D, Dong W P, Liu X H, et al. Occurrence, fate and
risk assessment of antibiotics in water environment of China[J].
Environmental Chemistry, 2018, 37(7) : 1491-1500.

WRIL, SKREWE, BURBL, . SERTIA T P ERER | ME VA S
PUE R TG QAR AE A ST [T]. A3 ERBE 24, 2023,
32(11): 1922-1932.

Han Q, Zhang Y J, Lai C Y, et al. Pollution characteristics and
ecological risk assessment of tetracycline and quinolone antibiotics
in rivers of Chengdu[ J]. Ecology and Environmental Sciences,
2023, 32(11) . 1922-1932.

Zhang Q Q, Jia A, Wan Y, et al. Occurrences of three classes of
antibiotics in a natural river basin: Association with antibiotic-
resistant Escherichia coli [ J ]. Environmental Science &
Technology, 2014, 48(24) : 14317-14325.

I PR T MR RS 25 W) & BN 2 B AR E 4,
AT S 2 o TR B R P il o 2%, +P IR 25 B2 2l PR 25 B0
22 WGIRH MR R A2 & BN 2 %R IR 1],
ThERRAE R, 2023, 103(30) : 2281-2296.

Editing Group for Multidisciplinary Expert Consensus on the
Rational Use of Tetracyclines Commonly Used in Clinical
Practice, Hospital Infection Control Branch of Chinese Preventive
Medicine Association, Clinical Pharmacology Branch of Chinese
Pharmacological Society. Multidisciplinary expert consensus on
the rational use of tetracyclines commonly used in clinical practice
[J]. Chinese Medical Journal, 2023, 103(30) : 2281-2296.
Chen T W, Luo L, Deng S H, et al. Sorption of tetracycline on
H;PO, modified biochar derived from rice straw and swine
manure| J ]. Bioresource Technology, 2018, 267 431 -437.
DOI. 10. 1016/]. biortech. 2018. 07. 074.

Mohammed A A, Al-Musawi T J, Kareem S L, et al

Simultaneous adsorption of tetracycline, amoxicillin, and
ciprofloxacin by pistachio shell powder coated with zinc oxide
nanoparticles[ J]. Arabian Journal of Chemistry, 2020, 13(3) .
4629-4643.

Chen J F, Yang Y W, Liu Y Y, et al. Bacterial community shift
and antibiotics resistant genes analysis in response to
biodegradation of oxytetracycline in dual graphene modified
bioelectrode microbial fuel cell [ J]. Bioresource Technology,
2019, 276 236 -243. DOI. 10. 1016/]. biortech. 2019. 0O1.
006.

De Cazes M, Belleville M P, Petit E, et al. Design and
optimization of an enzymatic membrane reactor for tetracycline
degradation[ J]. Catalysis Today, 2014, 236 146-152. DOI;
10. 1016/j. cattod. 2014. 02. 051.

Dai ] W, Meng X F, Zhang Y H, et al. Effects of modification
and magnetization of rice straw derived biochar on adsorption of
tetracycline from water[ J]. Bioresource Technology, 2020, 311 .
123455. DOI: 10. 1016/j. biortech. 2020. 123455.

Liu HD, Xu G R, Li G B. Preparation of porous biochar based

on pharmaceutical sludge activated by NaOH and its application

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[25]

in the adsorption of tetracycline [ J]. Journal of Colloid and
Interface Science, 2021, 587, 271-278. DOI. 10. 1016/]. jcis.
2020. 12.014.

Masrura S U, Abbas T, Heidari H, et al. Density functional
enhanced

Waste Disposal &

theory for selecting modifiers for adsorption  of
tetracycline in water by biochar [ J ].
Sustainable Energy, 2023, 5(1): 25-35.
Shan Y X, Liu Y Y, Feng L, et al. Magnetic Fe;0,-C@ MoS,
composites coordinated with peroxymonosulfate catalysis for
enhanced tetracycline degradation [ J ]. Journal of Alloys and
Compounds, 2024, 989, 174318. DOI. 10. 1016/]. jallcom.
2024. 174318.

Shkir M, Aldirham S H, Alfaify S, et al. A novel BiOBr/rGO
photocatalysts for degradation of organic and antibiotic pollutants
under visible light irradiation; Tetracycline degradation
pathways, kinetics, and mechanism insight[ J]. Chemosphere,
2024, 357. 141934. DOI. 10. 1016/j. chemosphere. 2024.
141934.

Sun H, Xie Z G, Yang J, et al. Preparation of NiO/BiOCl
composite by impregnation for photocatalytic degradation of
tetracycline [ J ]. Inorganic Chemistry Communications, 2024,
164 112431. DOI. 10. 1016/j. inoche. 2024. 112431.

JiLY, LiK, Gao M, et al. Elucidating tetracycline degradation
in a coupled system of photocatalysis combined with Bacillus
cereus[ J |. Journal of Water Process Engineering, 2024, 57
104616. DOI; 10. 1016/j. jwpe. 2023. 104616.

Chi C B, Huo B Q, Liang Z D, et al. Study on tetracycline
degradation in wastewater based on zero-valent nano iron assisted
micro-nano bubbles[ J]. Alexandria Engineering Journal, 2024,
86: 577-583. DOI: 10. 1016/j. aej. 2023. 12. 004.

Zou X Y, Wang J Z, Lv G J, et al. Fe-MFI zeolite-encapsulated
copper oxide with excellent re-usability for efficient tetracycline
degradation[ J ]. Microporous and Mesoporous Materials, 2023,
360; 112735. DOI: 10. 1016/j. micromeso. 2023. 112735.
Zeng Z Y, Zhou D D, Yang S T, et al. A novel Ti-based
magnetic MOFs combined with COF for tetracycline and
tebuconazole removal from water[ J]. Journal of Environmental
Chemical Engineering, 2023, 11(6) : 111336. DOI. 10. 1016/
j- jece. 2023. 111336.

Huang Z, Liu H C. Insights into the pathways, intermediates,
influence factors and toxicological properties in the degradation of
tetracycline by TiO, — based photocatalysts [ J ]. Journal of
Environmental Chemical Engineering, 2023, 11(5). 110587.
DOI. 10. 1016/]. jece. 2023. 110587.

Zhang Y, Zhang Q Y, Xing K C, et al. Construction of Z-
scheme heterojunction LaCoO; modified ZnO for photocatalytic
degradation of tetracycline under visible light irradiation [ J].
Catalysis Communications, 2024, 186: 106815. DOI; 10.
1016/j. catcom. 2023. 106815.

Yang F R, Wang D B, Zhang X Y, et al. Synergistic effects of

peroxydisulfate on UV/0O5 process for tetracycline degradation:



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 10,2026
October 25th, 2026

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Mechanism and pathways[ J]. Chinese Chemical Letters, 2024,
35(10) : 109599. DOI. 10. 1016/]. cclet. 2024. 109599.

Zhao LY, Zhao Y G, Jin C J, et al. Removal of tetracycline by
ultraviolet/sodium percarbonate ( UV/SPC) advanced oxidation
process in water [ J ]. Environmental Research, 2024, 247,
118260. DOI: 10. 1016/]j. envres. 2024. 118260.

Wu P H, Li Y, Wu P H, et al. Microbial fuel cell-driven

alkaline thermal hydrolysis for pretreatment of wastewater
containing high concentrations of tetracycline in the cathode
chamber[ J ]. Journal of Environmental Chemical Engineering,
2021, 9(1): 104659. DOI: 10. 1016/j. jece. 2020. 104659.

Gao L H, Yang J H, Cai J, et al. Visible light driven
degradation of tetracycline hydrochloride in the presence of
ruthenium photosensitizer [ J ]. Environmental

Science, 2023, 40(1) . 29-37.
Ge L K, Dong Q Q, Halsall C, et al. Aqueous multivariate

Engineering

phototransformation ~ kinetics ~ of  dissociated  tetracycline;
Implications for the photochemical fate in surface waters [ J].
Environmental Science and Pollution Research, 2018, 25(16) :
15726-15732.

Han C H, Park H D, Kim S B, et al. Oxidation of tetracycline
Their

Water

and oxytetracycline for the photo-Fenton process:
transformation products and toxicity assessment [ J ].
Research, 2020, 172 115514. DOI: 10. 1016/]. watres. 2020.
115514.

Varank G, Can-Giiven E, Yazici Guvenc S, et al. Oxidative
removal of oxytetracycline by UV-C/hydrogen peroxide and UV-
C/peroxymonosulfate: Process optimization, kinetics, influence
of co-existing ions, and quenching experiments[ J]. Journal of
Water Process Engineering, 2022, 50. 103327. DOI; 10. 1016/
j- jwpe. 2022. 103327.

Miao J, Sunarso J, Duan X G, et al. Nanostructured Co-Mn
containing perovskites for degradation of pollutants; Insight into
the activity and stability [ J ].
2018, 349: 177-185. DOI: 10. 1016/j. jhazmat. 2018. 01. 054.

Eslami A, Mehdipour F, Lin K A, et al. Sono-photo activation

Journal of Hazardous Materials,

of percarbonate for the degradation of organic dye: The effect of
water matrix and identification of by-products [ J]. Journal of
Water Process Engineering, 2020, 33. 100998. DOI; 10. 1016/
j. jwpe. 2019. 100998.

Xiang Y Y, Fang J Y, Shang C. Kinetics and pathways of
ibuprofen degradation by the UV/chlorine advanced oxidation
process[ J]. Water Research, 2016, 90, 301-308. DOI.; 10.
1016/j. watres. 2015. 11. 069.

Shah N S, He X X, Khan H M, et al.

Efficient removal of

endosulfan from aqueous solution by UV-C/peroxides: A
comparative study [ ] ]. Journal of Hazardous Materials, 2013,
263. 584-592. DOI. 10.1016/j. jhazmat. 2013. 10. 019.

Ao X W, Liu W J. Degradation of sulfamethoxazole by medium
pressure UV and oxidants: Peroxymonosulfate, persulfate, and

hydrogen peroxide [ J ]. Chemical Engineering Journal, 2017,

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[48]

313 629-637. DOIL. 10. 1016/]. cej. 2016. 12. 089.

Senobari S, Nezamzadeh-Ejhieh A. A p-n junction NiO-CdS
nanoparticles with enhanced photocatalytic activity; A response
surface methodology study [ J]. Journal of Molecular Liquids,
2018, 257 173-183. DOI: 10. 1016/j. molliq. 2018. 02. 096.

Zhang R C, Sun P Z, Boyer T H, et al. Degradation of
pharmaceuticals and metabolite in synthetic human urine by UV,
UV/H,0,, and UV/PDS []].
Technology, 2015, 49(5) : 3056-3066.

LiuY Q, He X X, Fu Y S, et al. Kinetics and mechanism

Environmental Science &

investigation on the destruction of oxytetracycline by UV-254nm
activation of persulfate [ J |]. Journal of Hazardous Materials,
2016, 305 229-239. DOI: 10. 1016/j. jhazmat. 2015. 11. 043.
Chen L W, Cai T M, Cheng C, et al. Degradation of acetamiprid
in UV/H,0, and UV/persulfate systems: A comparative study
[J]. Chemical Engineering Journal, 2018, 351 1137-1146.
DOI: 10. 1016/j. cej. 2018. 06. 107.

Zhang Y Q, Zhang J I, Xiao Y J, et al. Kinetic and mechanistic
investigation of azathioprine degradation in water by UV, UV/
H,0, and UV/persulfate [ J].
2016, 302: 526-534. DOI: 10. 1016/]. cej. 2016. 05. 085.
Hoang N T, Mwazighe F M. The various effects of hydrogen

Chemical Engineering Journal,

phosphate and bicarbonate in the degradation of some pollutants
in the UV/chlorine and the UV/H,0, processes[ J]. Journal of
Water Process Engineering, 2024, 57. 104646. DOI. 10. 1016/
j- jwpe. 2023. 104646.

LuoJ Y, Li X Y, Li Q, et al. Degradation of triclocarban
through UV sodium
persulfate process [ J . Kexue/ China
Environmental Science, 2017, 37(9) : 3324-3331.

Shi Y J, Xing S F, Wang X H, et al. Changes of the reactor

aqueous  solution irradiation-activated

Zhongguo Huanjing

performance and the properties of granular sludge under
tetracycline ( TC) stress [ J]. Bioresource Technology, 2013,
139. 170-175. DOI: 10. 1016/j. biortech. 2013. 03. 037.
R, BRIEAS, MK, 45, KA S BRAEIL S Fenton S REKE
fik HPUBRER 1], BBk, 2023, 42(10) : 3579-3589.
Zang J, Chen Z J, Ye Q, et al. Degradation of tetracycline in
aqueous solution via a Fenton-like reaction catalyzed by hydrous
ferric oxide [ J ]. Environmental Chemistry, 2023, 42 (10):
3579-3589.

Yu X D, Lin X C, Li W G, et al. Effective removal of
tetracycline by using biochar supported Fe;O, as a UV-Fenton
catalyst[ J].
35(1) . 79-84.

Zhu X D, Wang Y J, Sun R J, et al. Photocatalytic degradation

Chemical Research in Chinese Universities, 2019,

of tetracycline in aqueous solution by nanosized TiO, [ J].
Chemosphere, 2013, 92(8) . 925-932.

Wang X N, Jia ] P, Wang Y L. Combination of photocatalysis
with hydrodynamic cavitation for degradation of tetracycline[ J .
Chemical Engineering Journal, 2017, 315, 274-282. DOI. 10.
1016/j. cej. 2017. 01. 011.



