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Study on mechanism, intermediates and toxicity of
ketoprofen degradation by ozone

LIN Xiaoxuan KONG Qingqing ZENG Yongqin LU Yida LIU Guoguang ™" LYV Wenying
(School of Environmental Science and Technology, Guangdong University of Technology, Guangzhou, 510006, China)

Abstract; Degradation of ketoprofen ( KET) by ozone( O, ) was investigated in this study. Quenching
experiments were adopted to explore the mechanism of KET ozonation. Degradation intermediates
were identified and the transformation paths were speculated, the acute toxicity during the process
was evaluated as well. Results showed that KET could be efficiently degraded by ozone and the
degradation rate fitted pseudo-first-order kinetics well. KET was degraded by both O, and hydroxyl
radicals ( -OH). Formation of| twenty-one aromatic converted products were observed during KET
degradation, including 3-ethylbenzophenone, 3-( 1-hydroperoxyethyl ) benzophenone, 3-( 1-
hydroxyethyl )  benzophenone. Transformation paths were conjectured as hydroxylation,
decarboxylate ,~demethylation, side-chain oxidation, keto-break. Toxicity experiments indicated that
higher risk of intermediates arose in the process of degradation.

Keywords : ketoprofen, ozone, hydroxyl radicals, intermediates, acute toxicity.
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31.35 ng- L7 HAT, HHUAOTREE DITE IR S BT 2 LA 5 TR A 9 TSR3 05 Ye W i) 22 BRass R
HAHAR'T FRAF AR I 25 2 0F A TR E AL BB B 3 Rl B 5 e W TE TR B AL B T 2 A Rl R &
A 8 AR R ME D5 Bk VBT G R G ) A O R b, R SR KET (R R h 1o SR KET R fig i
P =4, PO A Al i A T PP AN R A o A2 vh BB Ak AR JE oy

REJE— P EE T B E PAAN], H A B R RE I BGR (E=2.07 V) , [ AT LA A= R
IR FRIE F 3L (hydroxyl radicals, -OH, E=2.8 V). R 5 GBI M IR 40 0 4544 3k 21 2= BR A ) sl
R RE I AR R WL A8 TR AR AL Bk 2 B TR R B b B T 20,

ZHIT RIS O SR T R 25 BB s 1 2R R T 3R MBS e AR SCFE 3k il 3
— 2T REREA 7 W) A 58 AERBAK IR BE AL BT, B R R, DL 25 BARTS e, R 40
HFSE T RS S5 AR LI, S0 T BRIt A rh it vh [B] 22 40, HE I T MR AR BR AR OF 0 R B 58 AT
FRUOT R fifp ot o o %) S W 1 2 e R R A A T DA

1 SZIS MRS J5 3 (Materials and Methods)

1.1 35

% 250 5 Vi T A ALY, MEFE T 7K, HPLC A BR 4 0.1 ng - mL 120 7200 € H,,0,, 5 FiEA
254.28 Ml Al =98% WA F TCI 23 ). LS VK 2R i i R S U Ak X Sl 2 B 4l , Iy 1 K A 5
A2 O kel 1 A 32 ACS RUBHME2A A R 58 & JE RT3 /NFI R T8y, 1 b [ Rl
Bt B RIS T a0 K 38 B K (L BE A 18.25 MQ-em™ ,HLEHN 6.2 ps-em™).
1.2 X8

RARAEMS(LRRHE) ; UT-500 #I 5L S0 B AU 2 ( 38 R0 78 Bt /R M HE AR BR A /) 5 N 4%
(il €238 Y B B, A3 AL B 600 mL, = K F95) 5 LC-20A & 8 AR A 34 ( H AR B )
ACQUITY-Q-TOF-MS i = S0 AR F -A T s ] HIE DUl AT B3 A ( 36 8 Waters ) ; RV10 AU i 5% 258 K AX
(f8[E TKA) ; 1L.ZB-3WB BUBE B i i | (WiiT R Wk Tl A b AX#% ) s PHS-3C B pH 1 ( i & 7
FBREAER A BRAF]) ;Smart2 Pure 4li7K /88 2li7K—1A&fk R4t (FEE TKA) ; AS20500BDT %4 75 { ( AUTO
SCIENCE A ] ) ;SY-2-4 BUE E /KA 45 (R EERGE IR A FRA ), DXY-2 B A Yy A (i
Pl e st AT ) .
1.3 SEE Ak

SCERAE KET P76 BE 20 p;mol'[fl AR E N 0.4 L+min™"' SR 16 ;Lmol-Lfl( FH 5 AR ARG
AR SEET RN WG pHAE R Ty NI 298 K A 4514 T HEAT. S50 - Ih i Sk 2 g YR A8 2 g 25 7 3
A SRRSO 3 T I 4 A U S RSO, R AR A KL A R AR IR
WG HEZS |, SCE0 % B AN ] 1o SEOR IR AT 28— 5 I ], 78 5 5 S 2 3R S om b BRURE 11 HREE | &5
AR R EFR B LA, LS SOR 3 A0 E KET W, LLAE W3 PR 52 467 1Y &6 R.

RELAR

Ozone Reactor

IAR
o %3

BB MR B
Tail Gas Absorber

SRR RN
Ozone Concentration
Detector S22

Reactor

B Sk EE

Fig.1 Reaction equipment
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1.4 SrHr ik

FEafrh KET ¥ B2 FH v 208 €835 A0 72 |, (41541 24 ZORBAX Eclipse XDB-C18(4.6x150 mm,
5 pwm) s TBIAHN 0.5% A VKRB 2N =55:45 (KRR , sl AHHE ) 1.0 mL-min™" , #: i 40 C i
FEREN 10 WL, R #8 4 0t f A PR A TN 25, A T G 260 nm A5 i 4 IS [E] 2447 9 miin.

el R AR RS RORE 6 P VA 7 s ) B R AR AT B 33 A% 7 2R A7 4 5 3 . ACQUITY 8 s R0V A €33
I RGE . TR MG E. (A3 FE . AQUITY UPLC BEH C18 1.7 wm 2.1x50 mm. #FFEE .10 plL.
WAHGR SN A A :0.5% VKR, B N, A :B=55:45 (fRFLHL) il S8, 1 85 T (ESTT) , B4I4E
JE:3.5 kV, HEFLHLE .30 V, R 100 °C |, SRS :350 °C, 375 il : 100—800 m/z. 5% FHA6 B2 Ve i 77
2 AR R IR 1 R,

R PO - BT O6 B E I 2 F

Table 1 Chromatographic condition

A [A] Time/min Wi Flow/ (mL-min™") A% B%
0 0.3 95 5
6 0.3 80 20
13 0.3 0 100
14 0.3 95 5

FEGLRTAL B S8 A %), B 100 mL 52 BT lie e 28 A AN b EA Ve 20 A TR TR 4 2.2 2 Ll I
i1 0.22 Bwm TR E R H UPLC/Q-TOF-MS Y SE IR W) EZR A R B T 30 romin! ,E%E 5 mbar,
A 30 °C.

1.5 kil

ARSCHE AL KOG S I E 48 KET [ FEAf i IS SO IREE PERY 2810 R H B 8 KOG Ty /N R TR
TR AW AR 1 SR R B 2 3 1 5 ~AO G AN ) (GB/T15441-1995) % KET /KIS WAL R
ARt B A REPE AL AT 15 min SPEFEMEIIASCISAE 0.8 ,16 .24 32 40 48,56 ,64 72 min HUAE,
SR AR W P DU ASGI R 2 T A OB RE | PRSI TR 14 & e i) 38 (20 1) SR RAE T AEIE 9 I/, H
AR EEE /N, B2 W R

I%:[l—lljme% (1)

0

Hod | 190 J TR IR AR SRR T B R | 1,287 %F BRZH A4 ) %
2 ZEH 550G (‘Results and discussion )
2.1 WHLEE

SRR P — R AESL R T 1 53 A O ST (ROS)  RAEA0 S R o
%Fié"]{ﬁ@%%ﬁf%% -OH, ﬁ%{%*ﬂ}_@ﬁnﬁ<2) ﬁfﬁ( 5 ) Fﬁ%[ls.w] )

20,+0OH™—— -0, +HO, (2)
0,+ -0, — -0, +0, (3)
+05+H ——HO; (4)
HO; — -OH+O, (5)

AT EES - OHI R LN 10% mol - L™ 818190 5 BLAC ) I R 3R 258 107 mol - L7157 12021
PRIt A5 R PR T B Ry AR IR R4 T 52 40 R AR 90 S ARG KET (1) 48 A0 R A AL ). 148 K S 30 7E KET %)
TRHEPE 20 wmol - 17", BLAAKE 16 wmol - L™ #I4A pH {H0 7, 1RF 298 K M4 4F R db47. SO FFEATIT, 76
RGBT B SE B T2 0.4 .8 ,12,16,24 36,48 .60 min HUREI & SOW I KET BTk BE , 45
AN 2 frn. RAE KET A BB FEARRUR 60 min X KET [# 2635 3] 86% . s IR T Bkt KET 1%
Bk e R A B AR PE A, A 20 110 |5 mmol - L™ DAKCASIIASUT BEER , KET (9 RE fife i 25 5 45043 5l
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7 0.003.0.004 ,0.011,0.029 min~". 1 L ATHEWT  iZ K R FE KET R £ 2R T - OHRY A AL1EH.(ES
R, LA 20 mmol - L™ Fl 10 mmol « L7 AU T BE#EFT B K R, 45 o0 i 24 5, F2 10
10 mmol - L™ HBUT B2 LA IIZAK R r=A4: 1Y) - OH.

ol 1.0
-0.4 10.8
~ 08 5
3 0.6 3
S o
=
-1.2 v TBA=20 mmol-L™!
A TBA=10 mmol-L™! 104
o TBA=5 mmol-L!
-16L ©o TBA=0
—a—TBA=0
——TBA=20 mmol-L"! 102
-2.0

0 10 20 30 40 50 60
t/min
B2 U I S e i 45 )
Fig.2 Effect of KET degradation by TBA

HAER(6) P Al - OHAEREAS KET A i A2 P 0 5TRR % N 89.0% . B B2 13, 7 B U S ML I3 it
KET ()3, -OHE - S4EH.

k -OH k_kTBA
kK (©)
K, R AT - OHXT KET BRI TTRR & A0 KETTEMR R 10 R 3% 0 50 & o, AR - OHXT KET
FA) o it TR 3 05 B, FRERAR R AR AEBUT 109 2544 S KET 114 o fip o 23 5 4

2.2 HEFESETEY)

JNEZE 24 min B R FR R R 1 iR B R O DR AR SCHE SEBR3E 4T 28 24 min J HORE X JHE B3 fi
FERIHEAT A AT AE KET PR IR BE 20, pumols L1, BRI 16 wmol - L™, 145 pH {E R 7, 1RJE 298 K 1)
SAFF N ZE RS BRI 21 AR A R (P1-P21) LIS BEA KET. 26 2 31 T 22 Fpdy R 115 8
pa] P R oy 181 3, B4 18] 5. 530000 KET 4544 &1, 3L LRI, B i A2 14

0 COOH

R o=

CH,

B3 Es A

Fig.3 Structure of Ketoprofen

PR IR IR PR 14 S S LEE T RS SRR TR U B - OHE R 3R (&l 4) (B2
TEARSZR O, 55 LI BOR KT RS 32 T L, JR PR G mis STk | 7892 b 25 18 F SR80 KET R fidk (1)
TURRARAR. A 40, Nles 257065 S &M 4lK T KET — S0P 42 % 5], - OHY i & ZE R 2L 19 WL I L
TN PR AR SRR IR BRI TR AR AT TR 2 ) KET IR ERIEAL =4 T8 A A P 4
]2 W | e i Ve d oS R SR 7 o A s A = Rt i B S e 7 N i e a2 -
A FIT - OHBCEh 2R I 4 A4, i A AU T LR Ak 7= 2 i i 25 (D5 2R BRI %
RINTR NS —IE 4 i T e R A, B A A PSR SEBUR SE 0 A SR AR, Bl —5 2837 2 4 .6 5
C b, AR S — B =8 PR B =4 P2, 32 B AR ER 5 Z1 0 U H 35 S A5500 , 4E JE A 1 Hl 7
B EREAR, PR MG L B 25 5 W54, P2 1 m/z R 286 ML Z T, P3 B m/z 273 /0T 14 AR ATREE AR
BRI 25— 437 F AR T 2B 00 5 3 40 KET a] BESEMIEE B P IS 1 P4, P4 BRS04 B P3.
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Fz 2 UPLC-MS I T Bl 3% 2% L H A A =)

Table 2 Accurate mass measurements obtain by UPLC-MS for ketoprofen and its identified oxidation products

ate P B 1] ] Vi EiN A m/z PR m/z m/z BR%E

Compounds Reserve Time/min ~ Molecular Formula Theoretical m/z Actual m/z mDA ppm
KET 11.3 CieH 404 254.2929 254.2929 0.0 0.0
P1 8.0 CiH,, 0, 270.2930 270.2930 0.0 0.0
P2 9.6 CigHy, 05 286.2924 286.2932 -0.8 -2.8
P3 3.1 CisHy, 05 272.265 272.2647 -0.3 -1.1
P4 7.1 CisHyp 04 240.2660 240.2655 0.5 2.1
P5 17.4 CiH,, 0, 270.2930 270.2921 -0.9 -3.3
P6 10.7 CigHy,Os 286.2920 286.2918 0.2 0.7
P7 19.5 CisH,,0 210.2830 210.2834 0.4 1.9
P8 10.2 CysHy, 04 242.2819 242.2819 0.0 0.0
P9 11.9 C3H,00, 198.2289 198.2291 0.2 1.0
P10 6.3 CisH, 0, 226.2830 226.2837 0.7 3.1
P11 11.2 CysH,, 04 242.2819 242.2819 0.0 0.0
P12 14.3 CisH,0, 224.2670 224.2677 0.7 3.1
P13 15.3 C H, 04 225.2550 2252550 0.0 0.000
P14 2.3 CipH 04 178.1950 178.1940 -1.0 -5.6
P15 12.6 C,HgO 106.1320 106.1322 0.2 1.9
P16 4.6 CyHy0, 149.1770 149.1773 0.3 2.0
P17 3.9 CioH504 194.1950 194.1957 0.7 3.6
P18 16.7 C,H¢0, 122.1320 122.1313 -0.7 =57
P19 5.2 C,HgO,4 1381310 138.1310 0 0.00
P20 15.9 CyHy 0,4 165.1760 165.1766 0.6 3.6
P21 1.7 CyHy 0,4 165.1760 165.1764 0.4 2.4

B4 KET AFREIEAL AL T
Fig.4 Proposed mechanism for hydroxylation of KET

KET 3R - A6E R RS iR , Howh S0k T fe 2k s &% & B i 9 5t PS A AL S S RN IR W) T P6
P b e ] 7 3k R RS R AR R 2 A A HR A S E s

ERRILALSE KET FEMiny dE IR Y P7T—P13  KET 4% I 25 52 3 5 I F ok — B AL 8 2 i 7= )
P7 [3-Z3E ] P8 3-(1-ad A LR LI - K] P10 [3-(1-ZWk3E) -— 2K H R ] e GBS
RA R f# KET —SCH ik 1) > JRBRIMZE I 5T Fe™ /Bt S AR AR A 4R ( PMS ) 7 2 [ i /K P A 3% 2%
ISR A 00 R 9 2 I figp ook R v B S ) 1 e KET R BRIEALIE X P7,PT7 52 2k — 4 1 S84k, o)
i o-C B AR BT E AL SR Y P8, X 5 Klefah 56 T 6IA M f# KET A4 —3 " [F B, P6
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W AT REMEAR LT A 1L P8, P8 MR 25 | SR BRI 1 PO. 55— AR AR AL, I BRI R — 5 4
AT BRI R , — B AN IR A A P10 A P11 2R 5L 5 0 M4 4 & 9o e 1k 77 - OH
HREAL RS TR P12, Nakajima ZERFF0GA# KET —SCh A RIRESEE . 53 4b, B K R 3 5 M6
oAk RIS R R ANE IR EE 2K, PR R AFR Z H 1i A1 O Bk | BRI 6 IR o
P P12 A A MRIR IS D) 5T P13.

0 COOH 0 00H o CoOH
KIF R W 22304 N B B A N
R | o, P | cn, MR |
%n 0\/0}1 > HO%’()H
P1270 P2286 P3272
A
0 00H :
L FRAL ;
P4240
(o] COOH
__________ ?.t?.’.‘?%‘f‘?......., 0 c,
OH
P5 270
(0] COOH
HiEAMa-C N\ JhiFe Rt
............................. > O CHy
OOH H
P6 286 :
\J
o} OOH [o]
Uk C o, MIEENTR °H
P8 P9 198
COOH P 0 HO 9 O
[0
TR
e - 0 e, | JRRAL 0 Q cn, PR Y en,
0 e
R 25 254 P7210 P10226 P11 212
| ! f i
v ‘ Ly
st e o
@ P12224 P13228
MR 158
"""""""""""""""""" > OOH COOH
(©i g oo o
P14178 P17 19
?
COOH COOH
O e O Y
........ > PR N
P15106 P18122 P19 138
T k7 25 4 COOH
--------------------------------- - N CH
OOH l(j)\ N
©)\Cﬂa BRI N e
P16 149 GOoOoH
CH;
b
P21 165

5 I IS R AR
Fig.5 Plausible pathways for KET degradation

KET AR — D EREEAR S R SR Z M i — 5 F =% C-C BEWr 2 n] P )i o+ 1 53l
9 178 106 K 149 H7=#) P14 P15 & P16.7E Gong %5V BF5E UV/H, 0, K& f# 95 i 37 i 43 benzophenone-
3. T. Manasfi 25 6T U4 B MK Tt b BP-3 &l P= 40 90 5% LA K 1o B 535 AR A 450 4R A1
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i 7 r 2 H R A5 S oA 28] R R 2 4 o R R DR 4 1 e R 4. P14 RN PLS B A O FR e AT
B AEACIR LY T P17 1 P18, P18 i — L AL 2 P19.P16 RIS flE% o-C 3R FEALAE J P20
1 P21.
2.3 I IS A R X RO TR Y Ak R TR PR

AR SCE R 5% KET MREMRT G SOV IR 2 28 Ak, SC g 25 R an 181 6 Fros. 45 R =W, bl
i OB [RIGC  KET ¥ B 20 st/ 0N | 17 52 7 YRORT 22 ' P B4 990 ok 23R ST 484 o Js 0/ D, RIS R i i ST K
JE U/ N AT 2 24 min B KET BRI N 50% , M 20 3 &G TEE & OCIMHIR M 21.2% T3
F RAE 88.1% , i J5 &GN IT I R R, 3 72 min I FER 41.4%. X FhAs (b a5 KET Mgt i
P A A A S RN, RO EEELL KET (MR T 3, FERR it A5 v s 2E 1 b ] 7 g i 2 1
2 A AT R, R S R AORE B R T PRV VA A R M . R N B T R A
) 7= ) FE AR A B i, A 7 B PR B NI SR 27 0, T AV R A B P sl 557 . B 8 v T 7= A e o B 4R e, (0L
SEARRT TR TR P T K A A5 R AR, DRI I 24 Sy ok B s st | s T ) A M K T IR e

[ RG] =
105 Inhibition rate of luminous bacteria T
- - ERESRARE S 110
90 \ The remaining percentage of ketoprofen ’

75 - \. . 108
\, -
60 |- \i ] J06

45 ™

clcy

..

N Jo2
15 F H N

u
0 0

-10 0 10 20 30 40 50 60 70 80
t/min

B 6 HlEOF MREARAT AT ) A ] 5

Fig.6 Bioluminescent inhibition of the ozonation ketoprofen to photo bacterium

Inhibition rate of luminous bacteria/%

3 %518 ( Conclusion)

SRR KED AL R & 7 R0 7 B AL, & T HAE & A iy - OH B [ 4 450
o, e, - ORI U AGAE T o 8 = S 3t 07 Pt ot i b — LS5 1 21 b ] 7= ) , e Ak AR 45 R 3R 2
Al MR ERREAL R AL B FHRE 0B AL TR I AR RO TR A M R SC U R W, 1R R AR A KET
f st R e A BT BAT AR T KET 10 5 B i v )= 4.
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