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Abstract: Dibutyl phthalate (DBP) is a plasticizer widely used in various industries such as plastics, food packaging,
toys, and construction materials. However, DBP is also a non-biodegradable endocrine disruptor that accumulates in the
environment. DBP in water bodies can enter food through the food chain or packaging, and long-term intake of food
containing excessive levels of DBP can lead to health problems such as infertility or cancer. This paper summarizes the
toxicity and hazards of DBP, the current development of DBP-detection technologies at home and abroad, DBP contamination
in water and food, and the research progress of DBP degradation by various advanced oxidation processes. The mechanisms,
degradation pathways, and kinetics of DBP degradation by ozone oxidation, photochemical oxidation, sonochemical
oxidation and persulfate oxidation are discussed, and the toxicity of intermediate products is highlighted. The degradation
mechanism involves the attack of hydroxyl radicals (-OH), generated under various conditions, on the molecular structure of
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DBP, which is eventually mineralized into water and carbon dioxide. The degradation kinetics may change slightly depending

on the specific conditions, but they are all stable and in line with pseudo-first-order reaction kinetics. The toxicities of the

intermediate products generated in the process of mineralizing DBP molecules are significantly lower than that of DBP, but

a small number of intermediate products are still toxic to aquatic fishes and some algae. Based on these findings and case

studies, suggestions for follow-up research are proposed, namely, obtaining an in-depth understanding of the application of

advanced oxidation processes in food, drinking water, and other areas, as well as exploring the degradation mechanisms in

food and the issue of associated intermediate products.
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Table 2 Degradation conditions and degradation rates of catalytic oxidation with different advanced oxidation techniques

AT & Pies =35 BY I /min MR /% A I bk
. DBP: 0.5mg/L, T: 25°C, B
NiFe,0,/0; pH & 7.7, Oy Smg/L, NiFe,0,; 0.01 gL, V: 1L 60 =100 (60]
&8 540 (OX 66.01
DBP: 3.15mg/kg, T: 25°C [61]
0,/Zn0 pH {4 6.8, Oy 15mg/lL, V: 60L 120 81.10
0,/Zn0O/AC 96.55
uv DBP: 20 mg/L, H,0,: 10 mmol/L, " 34 (7]
UV/HO, V: 0.02L, UV: 30 W 97
e . . DBP: 2mg/L, g-C;N/Bi,Oil: 0.6 g/L,
= - = ) 3N/ D145
HRAF RN g-CN/Bi,Ol/ T LK T 500W 300 68.7 [71]
UV/TiO, DBP: 15mg/L, pH: 4, O;: 50 mg/L, 20 73 (2]
UV/TIO,0, V: 05L, UV: I5W g5
0, 58.28
B AL DBP: 5mgkg, T: 20°C, Oy 12.58mg/L, V: 6L 16 [81]
US/0, 95.56
DBP: 2.784 mg/L, H,S,0;: 0.2 mmol/L,
UV/PS V: 0.1L, UV: 75W 60 90.6 [88]
PS 34
‘ DBP: 50.13 mg/L, H,S,0;: 360 mmol/L,
sy MIL-SSAGQMIP V: 0.1L, MIL-8SA@MIP: i ¥ 480 335 [89]
MIL-88A@MIP/PS 80.4
CoFeO,/PMS DBP: 1.11 mg/L, H,SOs: 0.02mmol/L, 20 49 190)
GO/COFGO4/PMS V: 05L, COFCO4: 0.5 g GO/COFeO4: 05g ]9

433




MR @i

Modern Food Science and Technology

2025, Vol.41, No.9

7 HIBERE

AOPs ST EYy. 4y B R B 45 A L8 B A 5 T A
P, EEALBE T EALIERRE. RONE FE PR
RS T AR, SR, (R A
P AT IA B FRAR AR, DR IS, (HELE
RIEDLRE, RAESEL. e, HiEsE it
W BRI £ A A VR AR B R AR U T A R A
—EFEE LIRS T AR WHKENH. KT
AOPs P4 DBP B iZyE = LN JLAN 510 :

1D HArx 1 DBP (850 35 B5 B AR AR BE Tl
PRk, AEKALER R TP i, T
o DBP [ 5% fif o A e/, BAR B R /K h DBP HLEE
AWM, (HadmhREEILEIE A, DBP [
X B 2R S SR TR S5 F BT 9T DBP BEfiR, X
TE B it R B AR AL R R AT 9T

2) B—{KZRM AOPs L& M A &, A
I 45 e A B R R UL — AOPs F2 AR 7 K 1)
AR, T BRI 2 b B g 75 oK S Ak 84 Jo oK ) iy i
Pl g A AT A& R

3) X T B A R AR I A R R, BB BEAS T
AOPs FIH =W # o i A e 38, 16 T B4k S
WAE B S K B P2 ) 1), LS B i
R DBP {5 4% n) @i,

AERIR T DBP #1416 [H ) DBP Faill 77 7% |
KA S S e I =R A AR A DBP 1)
W7 ERE, A AOPs F#f# DBP #2154, BEERHY
(3t 758 AOPs [#f# DBP HiRAE/E & 5 KA
KRS R Z MH, AEEARK, DBP &AL
S FE D BT Y v TG 1 & TE AN AT Ml A4k AT e 15 2
FSER MR, (ARSI N2 4,

F Tk

[1] DAIEM A M M, RIVERA U J, OCAMPO P R, et al.
Environmental impact of phthalic acid esters and their removal
from water and sediments by different technologies-A review
[J]. Journal of Environmental Management, 2012, 109: 164-
178.

[2] OKORO H K, ABDULMOIEED M, IWUOZOR K O, et al.
Ecological risk assessment and phthalate ester concentrations
in sediment samples from ilorin metropolis, north central
Nigeria [J]. Regional Studies in Marine Science, 2024, 72:
103444.

(3] &R T W5 A0 A 5 N (D06 40 4 Ak Lk

434

(4]

[12]

[13]

[14]

[15]

(17]

J%,2006,9:40-45.

WANG J, TIAN Y, WEI J, et al. Impacts of dibutyl phthalate
on biological municipal wastewater treatment in a pilot-scale
A/O-MBR system [J]. Chemosphere, 2022, 308: 136559.
WANG C, YAO X, LI X, et al. Effects of dibutyl phthalate on
microbial community and the carbon cycle in salinized soil [J].
Journal of Cleaner Production, 2023, 404: 136928.

ZUIN V G, KUMMERER K. Chemistry and materials science
for a sustainable circular polymeric economy [J]. Nature
Reviews Materials, 2022, 7(2): 76-78.

JE 3 7 DR i 22 4 bR A A BE R BB o i AL
7 1 R[] 40 2 LRRIN,2017,31(9):44-46.

B0 28 A 7 IR B R T R A BB AR T D).
i 71,2015,3:36-38.

AT 28 R A 0 M o ) A e B L &R
TR = T MR AR B [J]. 22 PRIV R 22 224 (B SRR R,
2023,29(1):9-15,36.

KR, J7 R R IR 7, 55 0 P e W B 25 Bk e &R — 1
5 = T BRSNS 0T FE (01458 K AR, 2008,2:23-26.
DEVIT, SALEH N M, KAMARUDIN N H N, et al. Efficient
adsorption of organic pollutants phthalates and bisphenol A
(BPA) utilizing magnetite functionalized covalent organic
frameworks (MCOFs): A promising future material for
industrial applications [J]. Ecotoxicology and Environmental
Safety, 2023, 268: 115706.

SUN R, WANG L, JIAOYY, et al. Metabolic process of dinbutyl
phthalate (DBP) by enterobacter sp. DNB-S,, isolated from
mollisol region in China [J]. Environmental Pollution, 2019,
255: 113344.

ZHU T K, DU P P, ZENG L J, et al. Variation in metabolism
and degradation of dinbutyl phthalate (DBP) by high and low
DBP accumulating cultivars of rice (Oryza sativa L) and crude
enzyme extracts [J]. Science of the Total Environment, 2019,
668: 1117-1127.

XUY, LIU X, ZHAO J, et al. An efficient phthalate ester
degrading bacillus subtilis: Degradation kinetics, metabolic
pathway, and catalytic mechanism of the key enzyme [J].
Environmental Pollution, 2021, 273: 116461.

FNF % . Enterobacter sp. DNB-S, %482 — H iR — T Iig
(DBP) ff) B ift S A0 M HLER B 78 [D]. W ZR AR b A
K22,2020.

LIJ, ZHANG Z, XIANGYY, et al. Role of UV based advanced
oxidation processes on NOM alteration and DBP formation
in drinking water treatment: A state-of-the-art review [J].
Chemosphere, 2023, 311: 136870.

ESSAIED K A, BROWN L'V, VON G U. Reactions of amines
with ozone and chlorine: Two novel oxidative methods to
evaluate the N-DBP formation potential from dissolved organic
nitrogen [J]. Water Research, 2022, 209: 117864.




MR @R

Modern Food Science and Technology

2025, Vol.41, No.9

[18] LIU K, LI N, DING J, et al. One step synthesis of Bi,0,CO5/

[19]

[24]

[25]

[26]

[29]

Bi,S; scheme heterostructure with enhanced photoactivity
towards dibutyl phthalate degradation under visible light [J].
Chemosphere, 2023, 324: 138357.

JE G, TR A 3, B A L UM AN R G AR
& T ERBEANE TV R K[ /K AL AR, 2024,50(5):130-
135.

NAVEEN K V, SATHIYASEELAN A, CHOI H B, et al.
Biodegradation of dibutyl phthalate in liquid fermentation by
endophytic penicillium species and the toxicity evaluation of
the by product [J]. Science of the Total Environment, 2023,
890: 164403.

GE D, HUANG S, CHENG J, et al. A new environment-
friendly polyferric sulfate catalyzed ozonation process
for sludge conditioning to achieve deep dewatering and
simultaneous detoxification [J]. Journal of Cleaner Production,
2022, 359: 132049,

RIBEIRO A R L, HERMOSILLA D, MUESES M A,
et al. Advanced oxidation technologies for water/wastewater
treatment: Advances, gaps and challenges [J]. Chemical
Engineering Journal Advances, 2022, 10: 100272.

HU C, XIONG C, LIN Y L, et al. Degradation of
2-phenylbenzimidazole 5-sulfonic acid by UV/chlorine
advanced oxidation technology: Kinetic model, degradation
byproducts and reaction pathways [J]. Journal of Hazardous
Materials, 2022, 431: 128574.

SUGENG E J, SYMEONIDES C, OHELY M, et al. Predictors
with regard to ingestion, inhalation and dermal absorption
of estimated phthalate daily intakes in pregnant women: The
Barwon infant study [J]. Environment International, 2020, 139:
105700.

VIMAILUMAR K, ZHU H, KANNAN K. Widespread
occurrence of phthalate and non phthalate plasticizers in single-
use facemasks collected in the United States [J]. Environment
International, 2022, 158: 106967.
AR, R MG, S AR R T RS el
WEE Tt /)~ B T O oL SR AR 0] 3 8 5 B B 22,2023,
40(2):209-215.

ARE R BT S AR R T BRI PR I () tE e g
X R R TR L2 M G2 B A9 B Foxp3 33 /KT (1 2l [ 7] 4L
[X 522 44 78,2023,21(9):448-455.

TR, VTG, 2 RK R, A A R AR T IR IR S 2R A )
AV A T R I 5 vk R S (D] 2 4 T T,
2022,26:190-192.

PARK S H, GYE M C. Dibutyl phthalate disrupts glycogen
synthase kinase 3a essential for sperm motility [J].
Ecotoxicology and Environmental Safety, 2024, 271: 115977.
[ UM, 2R B2 A P, 56 A K — FR R BT i3 1 Caspase-3/
GSDMEIf #4155 5 LA LA i AE T (0], 7 H R R 52

(31]

(32]

(33]

—
W
W

—_

—
(O8]
(@)

—_

[39]

#,2024, 46(1):15-20.

IRETAE, BRI, J5 1, 5 AR oK — R T BE e M I i 7
(] 5 R TR A 2R (A SRR AR),2022,42(3):47-52.
ANKAN D M, AJAY G, MANOIJ G, et al. Urinary
concentration of endocrine disrupting phthalates and breast
cancer risk in Indian women: A case control study with a
focus on mutations in phthalate responsive genes [J]. Cancer
Epidemiology, 2022, 79: 102188.

CARRAN M, SHAW I C. New Zealand Malayan war
veterans’ exposure to dibutylphthalate is associated with an
increased incidence of cryptorchidism, hypospadias and breast
cancer in their children [J]. The New Zealand Medical Journal,
2012, 125(1358): 52-63.

XIAO TFE, DING F Z, TING T H, et al. Insight into the health
risk implicated in mitochondrial toxicity of dibutyl phthalate
exposure on zebrafish (Danio rerio) cells [J]. Chemosphere,
2023, 326: 138510.

GB 5749-2022, E 351 FH 7K TLAERRTEE[S].

GB 5009-271-2017, 8 ft HH 4R 2K — RIS ¥ %2 [S).
R, BRI, P s A T BN SR — SRR
EREH LRI AL A I AR — FR — TR (). 70 ik
2£,2023,51(9):1463-1472.

YANG Y, WEI H, WANG X, et al. MOF/COF heterostructure
hybrid composite-based molecularly imprinted
photoelectrochemical sensing platform for determination
of dibutyl phthalate: a further expansion for MOF/COF
application [J]. Biosensors and Bioelectronics, 2023, 223:
115017.

YU L, SHEN Y, GAO P, et al. A novel molecularly imprinted
photoelectrochemical aptasensor based on dual recognition
mechanism for ultratrace detection of plasticizer dibutyl
phthalate [J]. Chemical Engineering Journal, 2023, 472:
144925.

WA AL 2 A8 S (il - = E SR I DY AT R TS
TR DRI 5 AR ik P 16 Fh B IE — FHRIR )], o R AR 2
%,2024,39(6):177-182.

SHU J, TANG D. Recent advances in photoelectrochemical
sensing: from engineered photoactive materials to sensing
devices and detection modes [J]. Analytical Chemistry, 2019,
92(1): 363-377.

ZHANG P, SHEN Q, WANG J, et al. Intrareticular charge
transfer triggered self electrochemiluminescence of zirconium
based metal organic framework nanoparticles for potential
resolved multiplex immunoassays with isolated coreactants [J].
Analytical Chemistry, 2023, 95(26): 10096-10104.

SHEN Y Z, GUAN J, MA C, et al. Competitive displacement
triggering DBP photoelectrochemical aptasensor via
cetyltrimethy lammonium bromide bridging aptamer and
perovskite [J]. Analytical Chemistry, 2022, 94(3): 1742-1751.

435




MR @i

Modern Food Science and Technology

2025, Vol.41, No.9

[44]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

436

YANG J, ZENG H, CHAI Y, et al. Ultrasensitive
photoelectrochemical biosensor amplified by target induced
assembly of cruciform DNA nanostructure for the detection
of dibutyl phthalate [J]. Analytica Chimica Acta, 2023, 1262:
341242.

VASSEGHIAN Y, ALIMOHAMADI M, DRAGOI E
N, et al. A global meta-analysis of phthalate esters in drinking
water sources and associated health risks [J]. Science of the
Total Environment, 2023, 903(10): 166846.

JE TN TN, 5 S, A T, 5 3 K PR AR R R T
B € 5 20 B (3] 7 E R4 1,2008,22:35-36.
UK, S L, A5 TR R AR R R
TG 075 R AIE B R Al 0] FR 85 4,5%,2023,42(8):2586-
2593.

WANG D, JIANG S'Y, FAN C, et al. Occurrence and
correlation of microplastics and dibutyl phthalate in rivers from
Pearl River Delta, China [J]. Marine Pollution Bulletin, 2023,
197: 115759.

o L B T S B, S5 RSTS84 R I
AREAE Fe AR 25 KBS PP (77,00 )11 R 15%,2024,43(1):68-76.
E A, E E L RS P R R R
T IR RN K R R VAl [T]. A A A
£,2016,28(6):800-804.

BV /ME Y P i o ) R 22 4 R R T
JT ST FU[D].FE T P K AE,2022.

2 T A TR e SRR T Y R TR S 0 IR AR
RL RSB 7E[D]. 5 PR 3 KK %,2017.

OLIVIER S S, PIERRE N, LEGRAND G N N, et al.
Migration study of phthalates from non food plastic containers
used in food preservation [J]. Heliyon, 2023, 9(9): €20002.

TR SR, TR T AR ES A TR ARG b AR TR I R Y
37035 G B A AT (7). A B IR, 2025,50(1):66-71.
TUE, TR EE e, 5 TP A, A R Th AR R
BRI 50 73 2% Je s DR 3R (9] 8 55 FE,2013,34(6):2210-
2217.

SERT D, MERCAN E, KARA U. Butter production
from ozone-treated cream: Effects on characteristics of
physicochemical, microbiological, thermal and oxidative
stability [J]. LWT, 2020, 131: 109722.

2R R, R TR S R A R A AR TR A P
AR AT T[] AL 12,2024,44(4):197-203.

WEN G, MA J, LIU Z Q, et al. Ozonation kinetics for the
degradation of phthalate esters in water and the reduction of
toxicity in the process of O,/H,0, [J]. Journal of Hazardous
Materials, 2011, 195: 371-377.

REKHATE C V, SRIVASTAVA ] K. Recent advances in
ozone-based advanced oxidation processes for treatment
of wastewater A review [J]. Chemical Engineering Journal
Advances, 2020, 3: 100031.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[74]

SR,k MR, B CONT-Fe/Zn A6 77 1) i) 46 2 L AE
B pHYE A LS SR B AT R — HT R — T iR [J/OL]. o
EFREERL2E,1-12[2024-04-15].

REN Y, DONG Q, FENG J, et al. Magnetic porous ferrospinel
NiFe,O,: a novel ozonation catalyst with strong catalytic
property for degradation of dinbutyl phthalate and convenient
separation from water [J]. Journal of Colloid and Interface
Science, 2012, 382(1): 90-96.

ZHANG J, LIU L, SHI H, et al. Decomposition of dibutyl
phthalate in goat whey solution by different catalytic ozonation
treatments: Performance and efficiency [J]. Environmental
Technology & Innovation, 2020, 20: 101165.

ALIY A E H, AZZOUZ A, AHROUCH M, et al. Molecular
imprinting technology for next generation water treatment via
photocatalysis and selective pollutant adsorption [J]. Journal of
Environmental Chemical Engineering, 2024, 12(3): 112768.
STANDO K, ZOGORNIK P, KOPIEC M, et al. Degradation
of fluoroquinolones and macrolides by solar light driven
heterogeneous photocatalysis proposed drug transformation
pathways [J]. Journal of Photochemistry and Photobiology A:
Chemistry, 2024, 453: 115651.

KASHYAP T, JAISWAL M K, CHOUDHURY B. Weak
plasmonic photocatalysis in unsupported colloidal gold
nanorods [J]. Next Materials, 2024, 4: 100213.

PR A 50 LR A AL BRI BLR K 5t
PEERIWTFUIE I [J] K AL FRER,2024,50(2):14-19,25.
GRS, BT, J7 10, 55 AR o 4T 28 — FH R BR R DG AL
FRAALD]. 75 MROR 52 2R (B 52 10),2020,58(2):434-440.

SUN T, JIN Z, DENG B, et al. Visible light driven photo fenton
oxidation enhanced by Fe/Bi-nanocrystal phase transformation
as a universal way for various organic pollutants mineralization
[J]. Chemical Engineering Journal, 2024, 481: 148732.

PANG X, SKILLEN N, GUNARATNE N, et al. Removal
of phthalates from aqueous solution by semiconductor
photocatalysis: A review [J]. Journal of Hazardous Materials,
2021,402: 123461.

B, SRR, UK, 55, UV/HLO, M RO R A28 —
TR = T BRI 7E (I R R4 42,2005,6:52-54.
R, R 2 A T L A B AR K P AR R
T BRI 2R SRR AR),2022,42(5):474-482.
KANECO S, KATSUMATA H, SUZUKI T, et al. Titanium
dioxide mediated photocatalytic degradation of dibutyl
phthalate in aqueous solution-kinetics, mineralization and
reaction mechanism [J]. Chemical Engineering Journal, 2006,
125(1): 59-66.

LI L, ZHU W, CHEN L, et al. Photocatalytic ozonation of
dibutyl phthalate over TiO, film [J]. Journal of Photochemistry
and Photobiology A: Chemistry, 2005, 175(2-3): 172-177.

o R AR, BEABF. i P AL A BORAE /K AL FE o (R B 5 2k




MR @R

Modern Food Science and Technology

2025, Vol.41, No.9

[75]

(78]

(81]

(84]

JEIT]. AETRIA BT (7£971,2020,34(4):17-21.

LI'Y, ZHU J, HU ], et al. Catalytic ozonation for effective
degradation of aniline by sulfur-doped copper nickel bimetallic
oxide in aqueous solution [J]. Journal of Environmental
Chemical Engineering, 2021, 9(1): 104953.

WU X, LIN Q, BELWAL T, et al. Effect of advanced/
hybrid oxidation process involving ultrasonication and
ultraviolet radiation (sonophotolysis) on anthocyanin stability:
Degradation Kinetics and Mechanism [J]. Food Chemistry,
2022, 370: 131083.

ASSAD T, JABEEN A, ROY S, et al. Recent developments in
ultrasonication assisted osmotic dehydration of food materials:
A review [J]. Food and Humanity, 2024, 2: 100195.

ZHU P, SIMON I, KOKALARI I, et al. Miniaturized
therapeutic systems for ultrasound-modulated drug delivery to
the central and peripheral nervous system [J]. Advanced Drug
Delivery Reviews, 2024, 208: 115275.

ZIA S, CARLSON J E, AKERFELDT P. Prediction of
manufacturing parameters of additively manufactured 316 L
steel samples using ultrasound fingerprinting [J]. Ultrasonics,
2024, 137: 107196.

DAS N, PRAHARAJ M K, Panda S. Exploring ultrasonic
wave transmission in liquids and liquid mixtures: A
comprehensive overview [J]. Journal of Molecular Liquids,
2024, 403(1): 124841.

TAO P, YANG C, WANG H, et al. Synergistic effects of
ultrasonic assisted ozonation on the formation of hydrogen
peroxide [J]. Journal of Environmental Chemical Engineering,
2021, 9(1): 104905.

ZHANG H, WANG B, TANG P, et al. Degradation of dibutyl
phthalate by ozonation in the ultrasonic cavitation rotational
flow interaction coupled field: performance and mechanism [J].
Environmental Science and Pollution Research, 2023, 30(9):
23225-23236.

LI C, MA'Y, SHEN X, et al. Ultrasonic assisted supercritical
fluid separation removing plasticizers from ganoderma lucidum
spores’ oil [J]. Ultrasonics Sonochemistry, 2023, 100: 106622.
AVETTA P, PENSATO A, MINELLA M, et al. Activation
of persulfate by irradiated magnetite: implications for the
degradation of phenol under heterogeneous Photo fenton like
conditions [J]. Environ. Sci. Technol, 2014, 49(2): 1043-1050.
GHANBARI F, MORADI M, GOHARI F. Degradation
of 2, 4, 6-trichlorophenol in aqueous solutions using

peroxymonosulfate/activated carbon/UV process via

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[96]

sulfate and hydroxyl radicals [J]. Journal of Water Process
Engineering, 2016, 9: 22-28.

XIAO S, ZHANG L, ZHOU L, et al. The long term effect of
Fe;0, in activating persulfate to degrade refractory organic
contaminants for groundwater remediation [J]. Chemical
Engineering Journal, 2024, 482(15): 148801.

LIU E, HU N, WANG A, et al. Structure dependent degradation
of phthalate esters with persulfate oxidation activated by
thermal in soil [J]. Environmental Research, 2024, 253:
119167.

LI'Y, ZHANG C, ZHAO G, et al. A critical review on
antibiotics removal by persulfate based oxidation: Activation
methods, catalysts, oxidative species, and degradation routes
[J]. Process Safety and Environmental Protection, 2024, 187:
622-643.

WANG Z, SHAO Y, GAO N, et al. Degradation kinetic of
Dibutyl phthalate (DBP) by sulfate radical- and hydroxyl
radical-based advanced oxidation process in UV/persulfate
system [J]. Separation and Purification Technology, 2018, 195:
92-100.

TR, K EE T, 4 R, 55 . MIL-88 A@MIPHE AL G 14 it
T PR 6 4 1) PR R 40 2% — YRR — T R (0] A B 42,2017,
38(12):5124-5131.

A AT W, 7K B, 55.GO/CoF e,0,fE AL it iR £h e
AR R T R AR (D] R Tl K 2R 41,2017,
49(8):31-36.

TAK H, CHUNG Y, KIM G Y, et al. Catalytic ozonation with
vanadium oxide-doped TiO, nanoparticles for the removal
of Di-2-ethylhexyl phthalate [J]. Chemosphere, 2022, 306:
135646.

A2 UV/NaCIOEFR/K s &K — IR — T HR3) 1%
LSRR FE D] HEHR A 4k TREK#,2022.

AR, PN TR, SRR UM £ - T R AT A 2B
FRUABAR — HRR — T R (0 AP AR [J]. 538 7412,2008,3: 16 7-
171.

ZHANG X, LIN Q, LUO H, et al. Activation of persulfate with
3D urchin like CoO-CuO microparticles for DBP degradation:
A catalytic mechanism study [J]. Science of the Total
Environment, 2019, 655: 614-621.

SUN J, WEI B, MEI Q, et al. Theoretical investigation
on the degradation of dibutyl phthalate initiated by
OH and SO, - in aqueous solution: Mechanism, kinetics and

ecotoxicity assessment [J]. Chemical Engineering Journal,

2020, 382: 122791.

437




