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Degradation of Organic Sunscreens 2-hydroxy-4-methoxybenzophenone by UV/

H,0, Process: Kinetics and Factors

FENG Xin-xin', DU Er-deng'", GUO Ying-qing', LI Hua-jie', LIU Xiang®, ZHOU Fang’

(1. School of Environmental & Safety Engineering, Changzhou University, Changzhou 213164, China; 2. School of Environment,
Tsinghua University, Beijing 100084, China)

Abstract: Organic sunscreens continue to enter the environment through people’s daily consumption, and become a kind of emerging
contaminants. The photochemical degradation of benzophenone-3 (BP-3) in water by UV/H, 0, process was investigated. Several
factors, including the initial BP-3 concentration, H, O, concentration, UV light intensity, coexisting cations and anions, humic acid
and tert-butyl alcohol, were also discussed. The results showed that BP-3 degradation rate constant decreased with increasing initial
BP-3 concentration, while increased with increasing H, O, dosage and UV intensity. Coexisting anions could reduce the degradation
rate, while coexisting ferric ions could stimulate the production of +OH through Fenton-like reaction, further significantly accelerated
BP-3 degradation process. The BP-3 degradation would be inhibited by humic acid or tert-butyl alcohol. The electrical energy per order
(Ey, ) values were also calculated to evaluate the cost of BP-3 degradation by UV/H,0, process. The addition of ferric ions
significantly reduced the value of E . The investigation of processing parameter could provide a reference for the practical engineering
applications of benzophenone compounds removal by UV/H, O, process.

Key words:BP-3; UV/H, 0, process; organic sunscreens; removal rate; degradation rate constant
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Fig. 3 Effects of H, 0, addition dosage on the BP-3 degradation
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Fig. 4 Effects of initial BP-3 concentration on the BP-3 degradation

M 4 AT LIE H BP-3 WIAG iR E R 5. 10
15,20 mg-L~"ff,30 min J5 BP-3 FERFK 5N
94.7% . 74.0% . 62.9% . 45. 4% . 6 WIIA ik
FESEIN, BP-3 J R AR MU/ ] R ik R R4
BN YRR BT R NS mg- LT HE = 20
mg- L'}, BP- 3 R 3 R KUN0. 100 6 min ™I/
Z0.020 9 min~'. I HIN ALK, 5 BP-3 4]
IRV o) FA7E—E RFREOCR , W (6).

K,, =0.547 x ¢,"**° (R* =0.992)
2.4 OEIRXF BP-3 JGREMH I

S HEE T AE BP-3 WA R E 10 mg- L7,
H, 0, ¥ % 0. 05 mmol-L ™", JZ Wi} /E] 30 min 45514
T, ARG (80, 150, 264 | 428 pW-cm ~2) Xf UV/
H, 0, T2 BP-3 HsZm , 255 ULIE 5.

MELS AT LLE AR FEDGR 4,30 min /5

1O F

(6)

—e— 80 pW-cm™
—— 150 pW-cm™

08 | —a— 264 pW-em™

’ —v— 428 pyW-em™?
‘\-\.\_‘_‘_““““.‘_‘_‘_‘_‘_‘—

0.6 | ¥ T~

0.4

eleg

BP-3 1Y B f# R0 51N 39.9% . 57.3% . 74.0% .
91. 8% . Fifi %5 Gum s B, BP-3 2 B R % i 14
I, B figp SRR BIOE TG . 4O BRSER B2 80
W eem 2HEHNE 428 wWW-cm 2], BP-3 [ i 3 %
HHON0. 016 9 min ' 475 0. 083 7 min ™", X i ]
UV G HEX R A B A B S (R A 204, 9 EL O
HOREHECK,, 5OCHR T AT R ER R, WX
(7).
K,, =0.0002 x I - 0.0003
(R* =0.994)

TE UV FEfEIAR R T, UV G 2 A Y & 16 v
(1) 2 R DR G I 2 i A S AR &R DO
Bt 220 PRSI - OH 32 8 BT R,
2.5 HAFFHEFXT BP-3 JGREAR A5

SCIHHEST T FE BP-3 FIUA TR IRE 10 mg L7,

(7)

0.10
L]

0.08 +
_ Kapp= 0.000 2/ - 0.000 3
g 0061 R2=0.994
E
B
004 |

0.02

0 . . . .
0 100 200 300 400 500

UV 88 /uW-cm™2

[H,0,]0.05 mmol-L=" [ BP-3]; 10 mg-L~!
B 5 &3t UV/H, 0, %% BP-3 I
Fig. 5 Effects of UV light intensity on the BP-3 degradation
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Table 2 Degradation parameters of the pseudo first order
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Fig. 7 Effects of coexisting cations on the BP-3 degradation
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Fig. 8 Effects of tert-butyl alcohol addition dosage on the BP-3 degradation
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Fig. 9 Effects of humic acid addition dosage on the BP-3 degradation
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Table 3 Electrical energy per order for the degradation of BP-3 by UV/H, O, under different factors
BP-3 p(H,0,) U AT P JEEBH AR Ey,

. 2 SR mET CEES . AR K/min! oo
/mg-L /mmol + L, /W -cm /mmol - L. /mmol + L, /kWehem =’
10 0.05 264 0 0 0 0 0.047 4 3165
5 0.05 264 0 0 0 0 0. 1006 1491
10 0.05 264 0 0 0 0 0.047 4 3165
15 0.05 264 0 0 0 0 0.0350 4286
20 0.05 264 0 0 0 0 0.0209 7177
10 0.015 264 0 0 0 0 0.0107 14019
10 0.025 264 0 0 0 0 0.0170 8824
10 0.05 264 0 0 0 0 0.047 4 3165
10 0.1 264 0 0 0 0 0.078 2 1918
10 0.15 264 0 0 0 0 0. 106 4 1410
10 0.05 80 0 0 0 0 0.0169 8876
10 0.05 150 0 0 0 0 0.028 1 5338
10 0.05 264 0 0 0 0 0.047 4 3165
10 0.05 428 0 0 0 0 0.0837 1792
10 0.05 264 Cl- 0 0 0 0.0278 5396
10 0.05 264 NO; 0 0 0 0.0302 4967
10 0.05 264 S03- 0 0 0 0.0293 5119
10 0.05 264 HCO5 0 0 0 0.0254 5906
10 0.05 264 co3- 0 0 0 0.0292 5137
10 0.05 264 0 Mn?* 0 0 0.0372 4032
10 0.05 264 0 Ca®* 0 0 0.040 6 3695
10 0.05 264 0 Mg** 0 0 0.0422 3555
10 0.05 264 0 Fed* 0 0 0.5435 92
10 0.05 264 0 0 0.5 0 0.0311 4823
10 0.05 264 0 0 0.75 0 0.0205 7317
10 0.05 264 0 0 1 0 0.0107 14019
10 0.05 264 0 0 2 0 0.0103 14 563
10 0.05 264 0 0 0 2 0.030 1 4983
10 0.05 264 0 0 0 4 0.0288 5208
10 0.05 264 0 0 0 8 0.023 6 6356
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