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Degradation of Benzophenone-3 by UV-activated Persulfate Process
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Abstract: Typical organic sunscreen benzophenone-3 ( BP-3) in water was degraded by UV-
activated persulfate advanced oxidation process, and effects of various factors on removal of BP-3 were
investigated and evaluated. The results showed that UV/PS could effectively remove BP-3. The removal
efficiency of BP-3 decreased with the increase of BP-3 initial concentration, while it increased with the
increase of PS dosage. BP-3 removal efficiency was higher in acidic condition than that in alkaline
condition. The presence of C1~, NO; , HCO; and SO;™ in aqueous solution had inhibitory effects on
BP-3 degradation. Among them, the inhibitory effect of HCO; was the most obvious. Seven intermediates
were identified by HPLC-MS/MS, and the degradation pathway was proposed. Biological toxicity
experiment showed that the BP-3 toxicity was not completely removed during degradation of BP-3 by UV/
PS process, which indicated that it still had a potential threat to the ecological environment.
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Fig. 1 Efficiency of BP-3 degradation by different processes
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Tab. 1 First-order kinetic parameters of BP-3 degradation
by different processes
—%Bh ) FEUES b/
7 K 2 12
kA 2 8/ min ™! R min
. y=-0.014 4x +
HB— UV 0.000 3 0.0144 10.9752 |48.2
L y=—-0.007 Ox +
B PS 0.001 2 0.0070 [0.989 4 |99.2
y=-0.713 5x +
UV/PS 0.087 5 0.7135 ]0.9909 | 1.1
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Fig.2 Effect of PS dosages on BP-3 degradation
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min ™ (W4 2) o T, PS BN H 0 I 0
HBEZ K ¥ PS BEINREREIN S T

21 - SO, A BP -3 15 LLA R . 24
PS bt B I AR - SO, S5 HEER
BL, A2 S,05 7 Hl + S,04 , MR N W - SO,

I3 T H AR TS Qe R . AR SEBe b PS 1Y

I BOEE g 3.0 mmol /L, X BP -3 [ fif 1A

B BLSR o

®2 AF PSHEMETEREM BP -3 HM—RIHhFESH
Tab.2  First-order kinetic parameters of BP-3 degradation

with different PS dosages

PS - 5
e | —mEy | R | [
L7 IR g/ min ! min
y=-0.163 3x +
1.0 0.070 3 0.1633 |0.9735| 4.7
y=-0.424 Ox +
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y=-0.713 5x +
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Fig.3  Effect of BP-3 initial concentration on BP-3
degradation

4 BP -3 ¥R U 0,004 .0. 008 .0. 015 F
0.022 mmol/L B}, Jz I 3 %% K43~ 1. 029 3,
0.7480.0.731 1 F10.335 4 min"' (WF3), &
BP -3 WG HE RGN , FLLBRAR AR, SOz
AR Z I8N 25 BP =3 WA WL i, 75 &
PEAALART BP =3 231 RO ARG 0, 1 - SO,

<71 -



%36 % %23 e

A K HE K

www. cnww1985. com

HAVE, B EAAS BP -3 73T - SO, Mibles
W I LAE UV/PS SR ZR R, 2 BP -3 )k
LSS, LR T B
&3 BP -3 MAIREX MR RN —RE N FSHMRIT
Tab.3  First-order kinetic parameters of BP-3 degradation

with different initial BP-3 concentrations

I R (#0min min
0.004 |77 ;).16(5)593396 110293 [0.9642] 0.7
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0.022 '~ ‘8:31365 Ml 03354 0.9906] 2.1
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Fig.4 Effect of different anions on BP-3 degradation
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Tab.4  First-order kinetic parameters of BP-3 degradation

with different anions

I S
a |7 ‘19'2;;22” Tl 07121 |0.9546] 2.8
Heo, | Y7 ‘0%3300“ 0.1830 [0.9512| 4.2
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1E UV OEHRA 1.2 mW/em® BP -3 W URUREEH
0.015 mmol/L PS /&4 2.0 mmol/L £ 1, %
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0.8539.0.2256.0.175 0 min " ( WL.325) . Al WL, 7
Rt S F A R F BP — 3 BYRAR, X & i FIaTR
hHT 5 8,057 A R T OHS,04 , i AE AR Y
HS,04 Mgt A T 20y - SO, , T fie
HET BP =3 WREME . ARV SRS, FEEH
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Fig.5 Effect of different pH values on BP-3 degradation
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Tab. 5

First-order kinetic parameters of BP-3 degradation

with different pH values

pH —R5h ) IEAL &S R b/
& E iy %%I/minfl min
3 |y=-0.8539x+0.0902| 0.8539 [0.9695| 0.9
5 |y=-0.7135x+0.087 5| 0.7135 [0.9909 | 1.1
7 |y=-0.2256x+0.0328| 0.2256 [0.9277| 3.2
9 |y=-0.3769x+0.006 7| 0.376 9 [0.9603 | 1.9
11 |y=-0.1750x+0.0605| 0.1750 ]0.9447 | 4.3
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Fig.6 Proposed degradation mechanism of BP-3 degradation
by UV/PS process
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Fig.7 Change of inhibition of Vibrio fischeri during
BP-3 degradation by UV/PS process
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IKEAR K
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Tab.6 Biological toxicity prediction results of BP-3 and its
intermediates by ECOSAR software  mg - L™'
% H LR f K&
96 h - EC,, 96 h - LC;, 48 h - LCy,
BP -3 22.7 39.4 65.6
Pr168 181.1 408.9 195.9
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Pr244 59.7 115.4 64.2
Pr258 435.0 1029.4 471.1
Pr260 36.5 66.5 39.2
Pr276 95.1 190.7 102.5
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Fig. 8 Effect of different types of water on BP-3 degradation
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