F 185 FE 20202452

;/T‘ fﬁ — gi é j& Vol. 18, No.2 Feb. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn G (010) 62941074

DOI 10.12030/j.cjee.202310022  HE42%E X703 SCHkEREES A

¥ HL A AR AR R K TR A LTS S B SCRE

HARFD, F R R, B, p eyt

L P92 A RO B S T B LA A B, PE 42 7100555 2. B P45 PR TR S8 %, P44 710055; 3. 1 [H
P, g TR O I 4 P AR 7R H D BT e AT R R, B9 200000

W OB AR R AR A BTG U BUR AT MUK AR B T2 0 A LIS A B IR, DL E AL
AR ERY, T LI FRAK A B AR ARSHIRE KA IR T2, S @ FOGAa b, B bR B AL 5 AMEE AR
ATDLEATIR Y . BRI . =R . RIS RAE 15 min 2933 92.5% . 98.1% . 71.0% F1 94.6%, 1 HfE
FEAH FTFEAR, TR ARG AL A VLS YA (R E A, L5 YRl Bk g . CI'. HCO, FIRSR A HLY)
(HA) AN Qe LR R R e R . TRILERE I, LIRS E YR, e TSR R =y, I8 T Fefg
[ ARA AR L, R B AL S A T A i 2T AR

K OGSk RHKAEE; FHER; AESY; ST

HHT, Brisi s AAE TR b, i T HAEMS PO AE, JF HEAERE . Bk
AR = B0, 23 TR RS R . AR, LI SF (ibuprofen IBP) . FaRFF
(atrazine ATZ). 'R (dimethoate DIM) A K =5{ 2R (trichloroacetic acid TCAA) AR A5 YLt 21K
TEHBFK ARG FEH ARG, AT 2 S A HILTS e B P A AR, (EA
fil sl AT A G R NP A XELATURH 20T, AR AR AR Y ) BT, 76 H R BEK
VR FE R 2 B AR AR 58 2 KBRS 54 .

I, RO A 7803 BRSO o RG22 aniREE . TIVE . HRESS, HIRBEZRBRAKIRA T
JEREEESE, (HAITCEAR KA A HIA B ER SR, X Toe . e g0 By £ ERRCRE =+
AR BRI R HANIER OB BT LR B K i gy, (BRI e 7K BERLAS, R 5 A= ik
IR BB RRIE . FIXX—BRIR, ARG G B g, XA B A AR IR K
FTURBERCEE, FEusi /K AL B SAS (R Bt P2 S 7K o

JCHL R A — R EA W FHFT AR BIEOR , sl s i e DAl RS )i G, 42
EE TR, ATUER R 0 RN FERRERE, BASRE . SR, RBE R B GH 25 CRIEA
ISR 2 BRI A R A E L, 40 TiO,. ZnO. BiVO, Fl MOFs Hifl . Hrr,
TiO, HEF I P HEA RAFRD G MR AR R R Bt TR G . BP9 R AT Ru, 3T ,0, YA GHL FH
W, XAHEARREEA RuO, AULIL2EEEE, EA Tio, Mt furstt, Ha bR 38%) m T UEH L
TR RCR (<10%)0 . ABFFEIEHEA RAFDGIEPER TiO,-IrRu UM, Frika:)s b T HAU A S pE
REFHS IS TR] 1 AR A My —FP iR 2, DUHORIE I i B R e M B A e . SR EHLRH
WAHME, A EA Y ERTRE . AR R . LT E R,

HHT, SCHREARC BRI R A LTS S A IR S R fessae ™, (Hi TRekeRm, AiEH
THRMBBERIR KA, Ao HPRO AR AR T B K B A Kb B, e FHvERERSE . ToREeH
1Y) TiO,-IrRu FHEACAGCHAEAL BRI RL, SR T A SRR BE K FERADISEBR KA, DL 4 Fiis G sl ys duiy oy
oG RGNS YIRS DURIRERE, Rl s o, TR R Bk,

YRS EH: 2023-10-08; SRAEH: 2023-12-18
EETH: ERAK/BER LIRS RBHTH (51978558)
E—1EE: KW (1999—) , &, fLBFSEAE, 1214950497@qq.com; NRBEIEE: M &8 (1977—), B, W+, #HiZ,

lujinsuo@xauat.edu.cn


mailto:1214950497@qq.com
mailto:lujinsuo@xauat.edu.cn

410 ok L B ¥ W 18 %

1 #RFnTssE
1.1 SCEet
SERH LA IS SF (IBP, >98%, VYL TRHEARRAR]). PRI (ATZ, >97%, | MENG b #H:
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Y, R A E AR R BRAE] (PELLE), BREEChtEaisl, HABZ R A Hral.
1.2 SIGRE
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FH 1L 20 3 BATAS X 6 BRER BE 40 31k 2 210,
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B o R¥E CEHK DA FRE) (GB 5749-
2022) BRAEZR, IBP. ATZ. TCAA. DIM [{4] Bl SLHRREE
UG R 433l 80 50, 200, 60 pg-L7'. il Fig. 1 Experimental device diagram
IR R RN g T TRV, FERRZE 0.22 pm
U8 L L uE 5 R W BT Bk A (Waters UPLC-
TQD) F5ilf 4 FSRLTs Jul e At f v iy i AR
fk. K Ultimate 3 000 UHPLC-Q Exactive & i pH
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i (D~@) MR EE#R (UV). Bk
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Table 1 Water quality parameters of tap water
WE RS TOC/  MBHEE/  SEERE/
NTU  (uS-em™)  (mgL™") (mgLl") (mgL™)
6.8~7.2  0.2~0.3 170~230 1.2~1.8 100~110  100~120

Eyy = TR (1)
60Vlog| —
C
Ep = LIC )
60Vlog| =
()
P+ Ut
EE—UV = % (3)
60Vlog| —
()

K ERTZTEREFE, kWhm™; P2EIMRATHIYIR, W ¢ J2AETE], min; C, F1 C, 4371/2 0 Fil
t NGRS, pg LY VORI, L TR, A; UZnHE, V.

2 FR5ITL

2.1 EEARFEAE

Ti FEHARE HADER AL —Fh i AL, HRMTMERZM MR AR L ooE T it tkfe. &
(PbO,). # (Sn0,). #k (Ir0,). %1 (RuO,) S A S HAH A O w4 S BHAR i rR Ak T P . R RN
U, SnO, FFARTE A BA R m AT LA, (AR, i PO, AR A IsA RS b fe e
P, (HHMTERAE, HAT, IO, M RuO, MALE I AR ik, HEAWEUER TiO,-IrRu
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Uk A A feebEae, SEpainmib Fig.2  CV curve of TiO,-IrRu
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bEE 7/ By 1YW A TR
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Fig.3 Removal rates and energy requirements of four pollutants under different processes
TGRS A LTS SRy b, A R2 4 WSRMENEEE k&
AR5 G SRR A AN R A9 RO 3 % Table 2 Parameters of reaction kinetics of four pollutants
AL A TR —
Yy, T IBP Fl ATZ 7EFHR R E R B2 R, Rk e Uy EUV
T WO A BRI A AT - e it PR
SOREEN S5 W BHARE (3R 2). SRAMEARXT TCAA
s \ o N e g ATZ 0.034 6 0.2192 0.368 0
AR AR AR 22 B TCAA XPEAMNRIISR
TCAA 0.0362 0.053 3 0.0921

ARG, AT LHRHLAE S5 ML) R Scgss
SR, e EAE R REREHERS 4 FhYI O REAE S nee o M
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Table 3 Comparison of energy consumption of

different processes
T ISR I% FERE/(KWh-m™) HiA%/OT- ) S5 30k
E 17.95 22.11 10.83
uv 80.83 6.97 3.41 B
E-UV 92.56 6.11 2.99
E-UV/Cl, 2430 10 49 [17]
UV/H,0, 90.00 2.38 1.17 [18]
HL 2R 95.44 2237 10.96
Fenton 91.67 14.74 [19]
Hi.-Fenton 95.83 12.93 [20]

2.3 RIS HBEEWERIR KR RE B8

1) L0 HL AR AL B SR B2 e . LR R N — AN BB R R, 7RG IR N 4 566
LUX BESL T, SRFEAE XS IBP FEARIE IR, 25 UE 4(a) s, AlUL, MH 025 A A&
0.35 A By ferh, IBP [REFRRZMWI T, kA R mm e (8 4). —H, B i
R R A%, IR, PR, X IBP (Y EEA A ERIGSR; ) —Jri, Xk
R, BRI E T2 7O E S, I EH RN P FER, I IBP (WL
R, AN, BEEHIRIEC, BAf R & E L2 0-OHPY, IBP MR R F A 2 s . TR A
KKIATIEL, ZBRT A RK FE R IR Ak, TR0 S MF A LR X )8/, BTt B A LR A AN

1.0

1.0 ——2210LUX 108 —=20pg-L"
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El4 SKIESET IBP FEARRISD
Fig. 4 Influence of experiment parameters on IBP degradation
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Table 4 The parameters of IBP reaction kinetics under different experiment parameters =

min

HLI/A SEER/LUX IR B B (pg L)
0.30 0.30 0.35 2210 3352 4566 20 40 80
0.156 2 0.1826 0.2170 0.083 0 0.1220 0.182 6 0.359 6 0.259 9 0.1826
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A2, FEERMELNERE, e SeRAN T, HlRRm b FERS 25T aEiA
A, BEE IBP FEREEAIRIIN, PHM A B f# IBP ORCRIENR, I HEAN o TSR AE TR b2 i
b HEDRCRAR2E . [FIRE, JERREFERA B AR TS R —RE, Y IBP A PRI, s
TERMAYIYINRE A T . RN, SN 4R AR aAY-OH fHE, IBP Sk E#oR, FrilFeny-OH 1
M2, MIMEFRREMR R R JEH, IR B B s v BB S N R AR iR 2] =gy, Xeer=y oty
IBP JERSE R, FEUT BERCR T
2.4 FESWERIKAKPREENRKAEERIZIFN

B NGB TR B SRR ADK R B8 bR, LUBFEIR (HA) AR T M I ) 1247
1E, HIE HA S 8EAREAEN T, WaE—ERE LR T, i, AERGTKIEF G AL
R ZASEIR , £E IBP Bk BN 80 ng L™, MLHIN 0.30 A, JE5RA 4 566 LUX RUIE T, /KRS
IBP R ESE0R K sl 12k gl 5 i 5 iR

1.04% —=— 0 mmol - L! 1.04% —=— (0 mmol - L!
—— 5mmol - L' —— 5mmol - L'
081 —— 10 mmol - L' 0.8 1 —— 10 mmol - L'
206} - 06 .
S S S
© 04t © 04 ©
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0 . : : : . 0 . . . . .
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
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E5 KESHxT IBP FEAERRIFZID
Fig. 5 Effects of water quality parameters on the degradation of IBP

=5 TEIKERSHT IBP BIRNENHE k&

Table 5 The parameters of IBP reaction kinetics under different water quality parameters min”'
HCO, /(mmol-L™") CI'/(mmol-L™") HA/(mg-L™")
0 5 10 0 5 10 0 0.5 1

0.1826 0.146 8 0.1277 0.1826 0.148 3 0.124 9 0.182 6 0.158 3 0.1315




414 ok L B ¥ W %18 %

HE 5 ATLAE Y, HCO, . CIFI HA #BXT IBP AREAR ™A TORFIRREE AN . Bl ok L) v i 1134
Jn, IBP BRI, Sh12= 58 kAN, RO, IBP F25E ) HEEHff . HEDLH
F1-OH W% 3 FhFEffistE, Hih-OH Bys KA ALEE S5 20 IBP R AL TR B D ER .. AT
FEFM, HCO; & HMI-OH AL CO,~, 5 -OH MEAEREM AR, CO, Je—Rhikd R m e fbae 15550 B
HE. HA &7 RO, HA BA —aE @R, BMEEURaERE T, HADUH X &sh™
AR ER AT 2400, - H HA ESImaml-OH AR CIUAPE K —Fp W I 7 If 1
TS F AR —RFNE A IEmgy iz 6, CAEVIITIEN, WA A 3] DIt b 2 s Jed,
TS S A8 R A sk R ) H BT EARSY R IRREE CUMRBERIE N, BEMSCR RMA BT TR X AT RE®
IBP [ BB 380, FEF, CltujE OH B RERF. Hitk, SCHhnA HCO, . CIF HA J&, B
#-OH VK, IBP BYRfw Az 23]

WE, EREMKRET, KPS S5 EE S NN S BRSO 2% . AR, 5
SR HCO; . CI I HA MIMATE— &R LI5S THORH A RIRMRLEE, (3 IBP (WFEAFERAIRER S 80% LA
o IR, AR RIEARIRIK AT, #BH R AR .
2.5 IBP [ERIRERRFMES

KBS AT IBP BIREAR =4, FERRA R PRI E 11 A 2=, ARYEHTEs L A A
RIS S IBP nT RERIREES IS, WAl 6 FiTzR . IBP BRI IFIE TR, B E T mz=221 Wrpafk,

CH,

r-r—-—-———-"—-—"~—"=—""-—""—"—"Ff™"F"—=—""=—"=—"=—""=""=""™""™"=—"=—"—™=—"—™=—"™— |
| CH, CH, CH,
I H3C OH 0 H3C OH I
OH OH
| P1 P2 P3
l miz 221 m/z 221 m/z 221 JI
ﬂ JFR A, | 2 Ak
|r CH, CH, CH, CH CH, }
| mo CH,  CH, OH CH, 0 CH, OHI
| HC oy H,C H,C H,C |
0 0
| P4 P5 P6 P7 P8 |
L miz 165 miz 150 miz 191 miz 175 miz 178 |
ﬂ FFER

r-r-r—-——— """ """ " —"—""—"—"—""—"'—" —'— — — |
| 0 o CH, 0

HC O\/\/\J\ /\/|\/J\ |
= Y\)LOH 3 oH o7 ~ oH
| - OH |
| ° P9 P10 P11 |
| miz 117 miz 129 miz 171 r

El6 IBP 7ELREFR THIFERRRE
Fig. 6 Degradation path of IBP in photoelectric system



55 2 1] FUERGEAE - L AR R K A HLTS R AL RE 415

SR SCIIESRE T PL. P2, P3 =RIREAMIE I AR, BT IBP HfEfEmyss C—H sgn] LUEiE 2
ARSI BRI, XY SRS AE - OH FIEEOGAEIVER T 2t iR . LH LSRN IE B /NG O
BRI, 0 4-5 T HAR S, 4-3-FHHIRIE) The2-0 . 1-(4-5 THAIR) OB, BETTHARE
RN TR, W/ Nr TR 0l CO, #1 H,O, IBP S8Rl 1L,

A FEEG R TR (TEST) 20T IBP BRI et SR EHEOCR (QSAR) )
FE T PESk i fa 2 B B St i (fathead minnow LCy,), KA (3 FE & (daphnia magna LCy,). AW H T
(bioaccumulation factor). & & & (developmental toxicity)., HIE 7(a)~(b) Pl A H, JLTF-FrA By Ha] =4#h
FAREN LCsy (8, UiIATERE R 2 B RIS, Il 7(c) TN, P7. P8 HEM SEitFAOK, MR
T A B R RSN, (2RI ReR e, ik, FEREP s B IBP Btk RsRAY)
i, FHEREMIET, WY PO i, HAMREMA BRI BRI, H2RFTCERE, i
AR R R P P e A SN S TR R . EAh, ARl 7(d) s, e RRLS 1BP A B R
KKFEIR. 256 FRdEt g IR, TR T, IBP ZERG LR G EE A AR,

1000 ¢ 1000
P9

100 =5 oo e
7

JHE Sk i £ 2 BT LC, /(mg - L)
KR PHBEBERLC, /(mg - L)

P4
4
10k jﬁgf' _____________ y @%3;_*= -
./.f “P1~P3 P5.P6.P8
sr P7 o et
1BP P2 P5 P7.P8
| LA . LA
(a) ekt P B (b) REEHHIE 7
120 - 1.0 -
//—PS
100 09l IBP
" 80 08
= /
g S p7 o 07T
H 40 | ®
0.6
; P4
20 3 e . \
1BP P os L EEHEE N
0 2 T RELEME P10
r P1~P3 P9~P11
! 04 !
(c) M HEIHH T (d) BHHME
&7 IBP 7EfERRZIEPAIBMTL
Fig. 7 Toxic changes of IBP during degradation
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Performance of photoelectro-oxidation process on the degradation of organic
pollutants in drinking water
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Abstract In view of the present situation of organic pollutants in surface water and the problem that these
organic pollutants cannot be effectively removed by the conventional water treatment technology, a deep end
water treatment technology based on ultraviolet (UV) irradiation with electrochemical technology was proposed
for dual water supply. Compared with electrolysis or UV irradiation alone, photoelectro-oxidation process
coupled with UV irradiation could increase the degradation rates of ibuprofen, atrazine, trichloroacetic acid and
dimethoate to 92.5%, 98.1%, 71.0% and 94.6% in 15 min, respectively, and could reduce the energy
consumption. The increase of current and light intensity accelerated the degradation of organic pollutant by
photoelectro-oxidation process. However, the initial concentration of pollutants, CI' . HCO, and organic matter
(HA) were inversely proportional to the removal rates of these pollutants. Moreover, ibuprofen was taken as the
representative pollutant, its intermediate products were determined and their toxicity changes were calculated. It
was found that photoelectron-oxidation significantly reduced the toxicity of ibuprofen.

Keywords photoelectro-oxidation; drinking water treatment; organic pollutants; ibuprofen; toxicity
calculation
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