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Photodegradation of Nonylphenol Polyethoxylates in Aqueous Solution

WANG Lei> XIN Ying, SUN Hong-wen, HUANG Guo-lan, DAI Shu-gui

(College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: Two lamps, including simulated sunlight lamp and UVA-365nm lamp, were used to study the kinetics and changes of component
distribution of NPEOs mixture in solution during photodegradation, as well as the effect of H, O, on the photodegradation. LC-MS was used to
analyze the products of NPEOs photodegradation. It was found that photodegradation of NPEOs occurred under both simulated sunlight and UVA
irradiation, with the degradation rate being 6.20 x 10~ ymol/(L*h) and 1.18 x 107> ymol/CL*h), respectively. The component distribution
of short chain NPEO;, 5 increased during the photodegradation process under simulated sunlight, while no obvious change was observed under
UVA irradiation. The presence of the oxidant, H, 0,5 was found to be propitious to the photodegradation of NPEOs; especially under the
irradiation of simulated sunlight. At different added concentrations of H, 0,5 the 96 h degradation percentage of NPEOs increased from 20.9%
(non-H,0,) to 44.4% (0.01 mmol/L H,0,) and even 91.5% (1.00 mmol/L H,0,), respectively. The analysis for degradation products
using LC-MS suggested that CA;_oPEC; might be the major photodegradation products of NPEOs, based on which the reaction mechanism of
NPEOs photodegradation was speculated.
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Table 1  Coefficients of MS condition for ESI + and ESI —

Bt HLUE R BT BRI URE HELER HESLRE BRI R Extractor RF Lens
IkV /IC /C v /Leh~! /Leh~! IV IV

ESI+ 3.20 105 350 30.00 20 500 3.0 0.5

ESI - 3.20 105 450 25.00 20 500 3.00 0.5

2 HR5E

2.1 AFDGIE T NPEOs HIJGREAR S J) %

LERLAU H DGR R , KV WP 1) NPEOs W 5 2%
1% F B, 120h J5, NPEOs A9 B 2,92 pmol /LI
£ 2.21 pmol/LCKE 1D, BEf#EE Ny 24 3% , ILEFMERLFE
SERFFEZ D) )2 RN(FR 2, FEff g %N 6.20
x 107 pmol/(Leh) . 7E 365 nm %486 F, 120 h J54H

[F 0] 46 WK BE 1) NPEOs % W & Wk B B AR 22 1.41
pmol/Ls 51.8% ¥ NPEOs M 7K ¥ 131 2% . NPEOs ]
Beefilt 45 & 408 ) 2 IO, BT R 1,18 x
1072 pmol/CLe ), W R T4 1 Ol AR 1 1Y) e it
TR RGN IR S5 25 SRR W, ARG,
120 h JG/KEHT NPEOs W BERIRAKT 5% .
FESZHG R IR 2 FhTh 240 [F] (20 W) 695 1,
JUEREA 6T B R 5 /b e i B IK UVB B4
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Fig.1 Photolysis kinetics of NPEOs under various
wavelength irradiations in 120 h
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Table 2 Degradation kinetic coefficients of NPEOs under various wavelength irradiations

Lt B DL

UVA-365 nm

R

g

c=-6.20x10"% 1 +2.96 R*>=0.98

Inc=-2.40x10"% t+1.09 R?>=0.97

c=-1.18x10"21+2.93 R?>=0.99

Ine=-5.62x10"% t+1.11 R*=0.95

e A NPEOs ¥ B /pmol s L1 + A [l /h

2, BARIF EO 2L NPEO [7] 22 49 Ji il JE S T (1] S
K BEARL B 2(b)]. 3% 3 F T 76 B g o A2 b
NPEO, % [F] ZY)AE NPEOs " 43 A bb 451 Bifi 1 1] (1) A%
BB, A R] A Y AR H T U R
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OB N s R A KT R R A R, AN [ S 56 ) A
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Fig.2 Change of aqueous concentrations of NPEO,

with time during photodegradation
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Table 3 Change of NPEO component distribution under
simulated sunlight/UVA during experimental period/ %

BLH UVA
et =
Oh 12 h 72 h 120 h 12 h 72 h 120 h
NP 0.5 1.1 0 0 0.7 0.6 1.3

NPEO, 3.8 10.3 9.3 10.3 3.6 2.4 2.5
NPEO, 20.4  20.0 18.5 18.7 18.7 18.9 20.5
NPEO; 27.7 429 46.6 469 26.2 26.5 27.1
NPEO, 22.3 8.3 9.1 8.7 22,6 222 21.8
NPEOs 13.5 7.7 8.3 8.5 144 14.6 13.2
NPEOg 7.2 7.2 6.7 6.3 7.9 8.3 9.0
NPEO, 3.3 2.5 1.4 0.6 4.2 4.5 3.2
NPEOg 1.3 0.1 0 0 1.8 2.1 1.3

2.3 WA H,0, X NPEOs B 203 B Wi 5% i
AR AR T RRK AR IR )z K,
W E 7K P 8 7 nmol /L ~ pmol /LIS Fil N, &% T 7K 44
AT WL IR Ak 2 A s i B i U R
SEES Y I H,0, X5 T NPEOs 1196 B Al A FH 5 3%
7E UVA JEUEIES T, H,0, RN 0.01 mmol/LEY,
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Fig.3  Effect of Hy O, concentration on the photolysis of NPEOs after 96 h
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Table 4  Change of short-chain/long-chain NPEO component distribution after 96h in the presence of H, 0,/%

B F DT

T A HIR 74

UVA

[H,0,1=0.01 mmol/L

[H,0,1=1.00 mmol/L

[H,0,1=0.01 mmol/L [H,0,]1=1.00 mmol/L

NPEO, 5
NPEO, _g

52.4
47.6

54.8
45.2

61.8
38.2

52.3 58.3
47.7 41.7
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Fig.4 Result of LC-MSCESI - ) analysis for degradation products of NPEOs
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Fig.5 Possible photodegradation pathway of NPEO, in aqueous solution
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