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Abstract: Organic sunscreen is an emerging pollutant and has attracted much attention because of
its environmental safety risk. UV/hydrogen peroxide/ozone process (UV/H,0,/0,) was used to degrade the
typical organic sunscreen 2,4-dihydroxybenzophenone (UV-0). The experiments were conducted based on
the central combination design method to investigate the influencing factors and explore the degradation
mechanism. When the experimental conditions were as follows: H,0, concentration of 340 pwmol/L, UV-0
initial concentration of 5 mg/L, UV intensity of 170 pwW/ecm® and O, flow rate of 0.38 L/min, the
degradation rate of UV-0 reached 99.9%, and the reaction rate constant was 0.570 7 min™" within 20 min,

indicating that good degradation performance was obtained. The response surface model simulated and
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predicted the experimental results well, which could further explore the reaction space. The factors such

as H,0, concentration, UV intensity and O, flow rate affected the degradation efficiency. According to the

high-resolution mass spectrometry and quantum chemical structure analysis, the hydroxyl addition

reaction first occurred at the C10 position to form hydroxyl and dihydroxyl addition products, and then

form oxalic acid and other small molecular acids through carbon-carbon bond breaking and aromatic

cracking in the process of UV-0 degradation. UV/H,0,/0, process is easy to be applied to the upgrading of

existing wastewater treatment plants, and has potential application in advanced wastewater treatment.

Key words: UV/H,0,/0; process;

response surface model;  degradation mechanism
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Wi 1 T8 D8 A6 7 1 (RSMD) RE W8 A3 30k A7 33 AR A e xif(pmol - | xy/(mg- | 2 /(LW | 2/(L- 2% | 5 /min™
o, A BN 32 W O RTELAE PR L AR L) | L) | om) | min)
PRSI AL AR 15 (COD) BT 56 LR i T e e e o e
BUH,O0, #e P (x,) \UV=-0# R & i (x,) UV G5 () 3 130 15 140 022 1811100838
O, 0t (x ) ER 4 A hr AR i, T4 P E 5 K58 4] 260 15 110 | 022 |82.3(0.0861
By, BRIy A 1 BRAb, i B T 20y, Ry 5 20 25 170 | 038 |56.1|0.0415
{20 min J5 19 UV—0 [ AR v, H—20 I I 30 J1 22 1% 6| 100 15 110 | 022 |74.00.0698
A 7 20 5 170 | 0.06 | 64.7 | 0.0511
8| 340 25 170 | 038 |76.5|0.0713
&1 XBWEHAR 9| 180 10 | 110 | 022 | 91801248
Tab.l1 Experimental design scheme 10 180 15 110 0.22 81.0 | 0.084 1
” 7K 11 340 5 50 0.06 | 94.3|0.1418
-2 -1 0 1 2 12 20 25 50 | 006 |14.20.0079
x/(pmol - L) | 20 100 | 180 | 260 | 340 13| 340 25 50 | 038 | 56500442
x/(mg+L™) 5 10 15 20 25 14| 340 25 50 | 006 |248 00149
a(WWeem?) | 50 80 110 | 140 | 170 15| 180 15 110 | 030 |832]0.0924
x/(L-min™) | 006 | 0.4 | 022 | 030 | 038 16 | 180 20 110 | 022 |66.1]0.0550
T Design Expert 12 54 525 ¥ 3 7700 57 17 | 340 5 170 | 038 |99.9 | 0.5707
SEMF SR IR YRR R AT 20 [ oo 20 098 (830 100930
19| 180 15 110 | 022 |80.8 00838
*ﬁ’ﬁﬁ%i%%ﬁﬁ%nuﬂmgizrﬁj B/‘J?é/%o 20 20 25 50 038 504 0.037 2
1.5 EFUEEMIHFIE 21 20 5 50 0.06 |43.6|0.0286
# F Gaussian 09 & T2 8 A4k UV-0 731 22| 340 5 170 | 0.06 |99.9 | 04467
ity HERNERAIESER B RN 23| 180 15 110 | 022 |79.40.0802
MO62X , 341 W 6-31+g(d, p) . fi i MultiWFN 3.7 i 12 E Eg 22 %2g$2
R BB Y IR 6 VDL O B AT %¥?§*@ Y 26 | 340 25 170 0:06 54:7 0:040 1
R R 1 BE M3 Jr i B AL RE CALIE) 27| 180 15 80 | 022 | 73800678
1.6 HEFYMHEESE 28 20 5 170 0.38 | 96.6 | 0.163 3
1 FH 82k AR A B9 A i 0 Ak B 5 K R i KR 29| 340 5 50 | 038 98702179
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wm, 2. 1 mmx50 mm) F T35 7 5 5 705 A0

2 n IE H, UV/H,0,/0, T. 24 UV-0 4 R
U REARRE JT o 7 HL0, ¥ 2k 340 mol/L  UV-04]
THHIE R S mg/L UV BN 170 pW/em® 0, it H
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y, =—0.057 + 4.611 x 10*x, — 8. 117 X
107, + 1.222 X 107, + 0. 446x, —
3.793 X 107x,x, +3.951 X 107x,x, +
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Tab.3 ANOVA results of quadratic polynomial

model
Wi H il HHE | F-value p-value
iR 0.395 14 19.80 | <0.000 1
x, 0.075 1 53.17 | <0.000 1
%, 0.132 1 92.59 | <0.000 1
X, 0.040 1 28.61 0.000 1
%, 0.015 1 11.15 0.004 9
X, %, 0.058 1 4128 | <0.0001
X, % 0.023 1 16.12 0.001 3
X, %, 0.000 1 0.03 0.860 3
X, %, 0.029 1 20.71 0.000 5
X%, X, 0.004 1 2.94 0.108 3
X3 X, 0.001 1 0.40 0.536 0
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X, 0.000 1 0.00 0.977 0
x,2 0.000 1 0.01 0.9112
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Tab.4 Frontier electron densities of UV-0 %

me | EE HOl\iO I me | ET HOI\iO GRS
1 (0] 7.91 14 C 0.37
2 0 4.65 15 C 0.26
3 0 8.86 16 C 0.12
4 C 21.08 17 H 0.19
5 C 0.33 18 H 0.06
6 C 243 19 H 1.63
7 C 11.34 20 H 0.02
8 C 4.35 21 H 0.43
9 C 2.22 22 H 0.03
10 C 19.57 23 H 0.01
11 C 0.16 24 H 0.01
12 C 0.68 25 H 0.58
13 C 11.97 26 H 0.64
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Fig.6 Schematic diagram of ALIE plot of UV-0
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Tab.S Mass spectroscopy parameters of UV-0 and its intermediates

e p—_ ﬁé‘%’ﬁf PR Vi) ié&‘lj‘rﬁiﬂ‘%@ﬁ‘
[6] /min u (f B Pl FE- S oy )
1 Uv-0 8.67 C,H,,0, 214.06 93.034 7(100) ,169.065 8(52)
2 Pr229 (RN 9.36 C,H,0, 230.06 | 211.037 5(100),93.034 7(68),187.039 8(51),109.029 7(43)
3| Pr24sa( ZRREIN) | 9.45 C,H,,0, 246.05 109.029 6(100),227.034 6(21),151.003 6(18)
4 | Pr24sh( RN | 8.44 C,,H,,0, 246.05 151.003 7(100),227.034 5(43)

UV/H,0,/0, T. 2, H,0, 1 O, 7F UV %8 R B [
YERF P24 7Kg -OHL i@ # A UV-0 5 -OH i1
WG BN R BRI A,  OH I s 3 UV-0 (1) 35 7 2R
b BEIE B AN R ROREE I . = o P
2T AR I H R Y 32 R AR ) R Pr229, 1Y
W TE] 49 9. 36 min, FE7E 4> F8RE 81, B kb
00211, 037 5.93. 034 7.187. 039 8 F11109. 029 7.,
Z5E TR B UV-04r T 45 B8, fe A A] BN S
TS R C10, BRI IE W - OH =22k 3 UV-0
T AR CLOAL & B R T FE I 4

WA TE-OH W FRF 2 T, Pr229 & 5 &
[ - OH 4k L ke Az B BE TN R, A BT 3 3
77 1) Pr245a Fl Pr245b, H W B [6] 43 51 Ky 9. 45 i
8.44 min, v, Pr245a By RE H B T R A
109. 029 6.227. 034 6 1 151. 003 6, Pr245b fY £ %
T F B8 7 3 ff L ol 151,003 7 #1227. 034 5., i1 F
Pr245a Fl Pr245h Jhy[a] 43 S A 44, PR i A 75 2 LAy o
ZE5 KA B R A I T — 8 S R A v 6

S 3ok AR R R Y - OH e LA il He ) /s
STt . SR UV/IH,0, T 25 Wi — 2 i 45
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Fig.7 Reaction path of UV-0 degradation
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min™'s UV-0 [ fift 3R 32 H,0, W B L UV-0 1] 46 ¥
JE UV GHR O, U 1 55 PR 32 9 52 M), 0 13 18 3 B 2%
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FErf, - OH T 4638 2 52 st 5 0z fin s &1 UV-0 19
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