354 H3 E7 R = Vol. 35, No. 3
2016 4F 3 H ENVIRONMENTAL CHEMISTRY March 2016

DOI:10.7524/j.issn.0254- 6108.2016.03.2015101303

SRR, W BRI IR B T K b R B R e w e [ )] BREE 1% ,2016,35(3) :430-438

ZHANG Cui, HU Xuefeng, LUO Yongming. Aqueous photodegradation of oxytetracycline under simulated sunlight irradiation [ J].Environmental
Chemistry,2016,35(3) :430-438

BEIIKPBEETKPLEZRUEERFE
13 E PEET BRRA

(L EBEBEE G BT R R R S A S T, WG, 264003; 2. EFMEBERY, JLa, 100049)
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(HO - .'0,.0,7) X BRI TTER, 258 T OTC AN R MR N 7=, 1858 T B8R PHOG HE S R kA
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BE—RBh F12F Bt R v, 78% 1 155 R Al 5 R S 006 Fe'™ \HCO; MBI MAAAB AT ERM
JERESE, T NOS DU X6] 8 A T S 3 5 ). B 2 A1, 261 11 b Al 4 S 56 T i 58080 B s 35 I35 6 A 43 ( HPLC-
ESI-MS) &l T8 T 253K 7 R B2 = 0 o T 450 & 4 Z50] BRI i 72,
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Aqueous photodegradation of oxytetracycline under
simulated sunlight irradiation
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(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research,

Chinese Academy of Sciences, Yantai, 264003, China; 2. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: Photodegradation of oxytetracycline ( OTC) under simulated sunlight irradiation was
investigated with attention given to (1) the effects of major solutes in water on OTC photolysis; (2)
the contribution of direct photolysis and reactive oxygen species (HO -, '0,, 0,7) to OTC
degradation ; and 3) the products of OTC photolysis under different photolysis pathways in water. The
results showed that OTC photolysis was highly pH-dependent and followed pseudo first-order model
kinetics, with about 78% of OTC phototransformation being independent of dissolved oxygen. In
addition, enhanced OTC was observed in the presence of Fe’*, HCO; and HA, whereas the
presence of NO; showed no effect on OTC photo-degradation. Additionally, four possible photolysis
pathways and seven corresponding products were proposed, based on the analysis of radical
quenching results and photoproducts detected by high-performance liquid chromatography
electrospray ionization mass spectrometry ( HPLC-ESI-MS).
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B ZARBH R AR ) A A R NS EETT KR RIS SR A L B A A HOR B B
Birh RPN FREAiAe RS Bk R AR SR, A SR N B AE RAE 30%—90% i |
PRAGHEMDHE S, © 2 HE AT b AE RACEHA A A s v, BLAE— 504 Il LU AL R BE AR 1R
HPE.

1% 2 (Oxytetracycline, OTC)/ER—F) 1S AIHTAE R, HOS AN AE 8% 32 H Tk ™= 5%
B AN E BFE T h Y 38 Zhang 5984 R, AL 2013 4E b [ OTC 908 FH 13 5 35 1360 ML H AT,
OTC CL7EZFNFREEA T A 31, SRR Wk i K o OTC 5 ik AT 3K 0.35 pg- L1 rdb s i &4
FEOSTEITG K AR BR) T H K A B 7] 3k 20—800 mg - L' PR 3 OTC IFE TN 2.5—50 mg-kg ',
OTC 1EMEEFRWIEL R, 2= it + 5 AN, 5 M il W A 2 R G, I ) et fe 5 A 282 4210

OTC YEEARMZELE T

T HERHR 4 (PKas)

OH BQ "
q R CHs

BB 7 (pKay) ZRIEIS (pKay)

TEF B AR LA T OTC FEfif 2 2AREE AL RRAR | L FLAR K A SR8 LR DA 2
P R B — " DA A R R ] AR T REE IR T R ER e, LB RIS K
EOK R FDEAL = A TSR] pH (E RLEE LRI EE S0 N, R 3 AT R AR AN TR SR K20, 0 2 1]
SERAL SR A BRI BT A N [ B A 4, Herh 4-22 1) 185 R (4-Epi-0TC) (-2
FI + & (a-Apo-OTC) il B-ZH 5 11 £ 5 % (B-Apo-OTC ) Bk A& 3 Fh R BB Ab/ B =9 s It
G, Jiao AEA0H A OG A RO R i e v ) 2 PR AR FEA T TR, A5 R R B, BB JC OB Y HEA T, ROt Al AT
(bR, BEIIAE OTC it 72 v RE e TR = A a1

XET OTC B A pOFE H i 32 24 T UL IR AR D7 18T, X T AR 250 T 25 DR AR A e At
BB FE A A SGHl s X AN R PR N ZR S OTC ISk sl 027 35 14 S8 40 Ao 0 o ) 58 A 7™ 400 B G0, f
KA OTC ATREAFAE A CRE AR AR IEAT T BESE, NTHEDN DE B 2% F F OTC ek A i C i HILBE, S TR A
B OTC 15 H ARK A B eI 2 5 A SR ARl K s

1 SZEG¥P4) ( Experimental section)

L1 5 SR

5 £h R + 5% & ( Oxytetracycline hydrochloride , OTC - HC1, 4 £ >97% , {5 [ ) , # %8 1k ¥ 7 fk il
(SOD) , AN ZMi§ A HPLC 4%, JEBHIR (HA) | ikl Bt ey . bk, i e s 2L
], W T E 25 B A AR A R A | 240 AR 2.

IXA% : ACQUITY i /= % & A 2 15 A ( Waters, J2E) FL#5 C18 S AH 3% AE (2.1 mm x50 mm,
1.7 pm) ; Agilent 1200 J&AH RS M Fisher LCQ-Flee B BB i1 R 45 ( Thermo Fisher Scientific Inc. ,
FE) B, Bl & sunfire C18 S Ia] 434 (250 mmx4.6 mm, 5 wm) (Agilent, JE[E) ; 48] WL G
11 ( Genesys 10S, Thermo, ).
1.2 SRk

IR R T AR TRk (18.2 MQ-cm) , FEHI R EE A 100 mg - L (9 BEE . S0 R A2 38 48 BRUE
SRR B2 B b TR 2 KRR RS 8. B RN B 0 T A S0 B, A7 Lk 7K e 60 DY e eV 1T 1) 52 i
FRFBAF T 0.2 mol- L™ NaOH & 0.1 mol-L™" HCI ¥ I 2 Fris B i pH {4.
1.3 Jufifsiss

FEBCE A 20 mL SWRCE T A7 S SN N HEAT LA Sy, A R4 A R 1ot 4 AR 4k 5 S 17 5



432 B2 5% 1k 2 35 %

A5 24 h N OTC ZEZKIE R Hh A 7K SR FH S A= VR FH AT L Z2 8 AT 5236k F 350 W AR A i i,
FERRYE S B0 T B ERURE | R (R ot L FH T8 8 A0 AH 535 43 A, AT OTC ¥k B2 A% £k 35 3 A i
2 F HPLC-MS/MS #:0 , LIRS OTC FEff r=8). T A s 12452 50 3534 8 3 AT, BOE Y E T
1.4 ZrHril e ik

R T R R 3 25 VR B A S B/ 2 85/0.01 mol - L7 BE R K IR W (10/10/80, V/V) , i ik N
0.3 mL-min™", R 4EHELE 40 °C, PDA K #5 B4 4 355 nm.

HPLC-MS Al 2514 . 302 10 L, AXES RS A m/z 50—1000. Ji sl AR A2 A (0.1%
HH R 7K VA ) F1 B (0. 1% HH iR HH BV v ) TR A T SR, 0 B L% 1.

%1 HPLC-MS {38 &1
Table 1 HPLC-MS chromatographic conditions

t/min A/ % B/ % i# Flow rate/ ( mL- min~! )
0.00 80 20 0.8
4.00 80 20 0.8
5.00 55 45 0.8
15.00 40 60 0.8
20.00 40 60 0.8
25.00 20 80 0.8
30.00 20 80 0.8
33.00 80 20 0.8
43.00 80 20 0.8

TRTE SN IR TR R W HE A 5 KV, DL N VE AR B SUE 30 arb, B G A
IR 300 °C , R fEEHE M 35 eV.

2 5 5418 (Results and discussion)

2.1 EE R R

SHARFE OTC W) A i W W A RS2 4 OTC F) BE VR 3 T R 5—60 mg - L™ 43 %A
[FRIHAHEE 1) OTC LA In( €,/ Cy) W] ¢ VERI(C, M1 €43 314822 0 h Fl ¢ i OTC HIvk ) |, ol A4S 5] —
ZHLR, HAGIEYUE REC R YK T 0.98, AT WLFEBLRUR BHYE RS T OTC B SR fife 416 1 — 2 s 1 s 1
AR 2 W LUE Bl 0 06 v R A B R O R A R R BRI, Bk R R AP R (k =
-0.0014 Cye+ 0.1089) X JEAT WAL G WAl AA B A b — A3k 1 I 42, i G AR I 42 1 Ji R 2 7

JO7 3 —E B B, T R e AR S I 7 A Y G P ) e 2 3 22 | X B8 O ) R LIRS AL OTC JE
IS G R, b T AT AR TR P R T R R OTC AR J LR FAIG , AT 3 BOGRE MR iR R I
F 2 BUKRBDE T ANIE OTC IR A% 3 1% (pH=8.0)

Table 2 Kinetics of OTC photolysis at different initial concentrations under simulated solar irradiation

OTC i o A R BEDoE R B
. EIVIEYiE . .
OTC concentration/ T . Rate constant Half-life Adj. R-Square
4 Kinetic equation -1 2
(mg-L7") k/h t1,/h R
5 In (C/Cy) =-0.1032¢ 0.1032+0.0011 6.71 0.9993
10 In (C/Cy) =-0.0939; 0.0939+0.0014 7.39 0.9988
20 In (C/Cy) =-0.0818¢ 0.0818+0.0028 8.47 0.9930
30 In (C/Cy) =-0.0692; 0.0692+0.0036 10.01 0.9840
40 In (C/Cy) =-0.0580¢ 0.0580+0.0032 11.95 0.9822
50 In (C/Cy) =-0.0358; 0.0358+0.0010 19.38 0.9956

60 In (C/Cy) =-0.0308¢ 0.0308+0.0010 22.53 0.9934
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2.2 JKIREERE X OTC B Gk B it 1 5 i
2.2.1 pH i

mE 1 R WA pH ARG, OTC FEffE M, H k {7 pH=2.0 3] pH=6.0 Z[AIZ2{LE/],
{H2EY pH>6.0 Ik {EHE M 0.0186 h™' F1E5 2 0.2892 h™'.OTC F£7E 3 /> HL B4 ( pK B 73510 3.22
7.46 F18.94) I 4 i 11k 2= T LIE A (H,0TC* \H,0TC . HOTC™ F1 OTC* ) ") {E pH<7.46 I, 0TC
FE PR FAOE A, MTE pH>7.46 I, OTC ()22 5 FALIE A te Bl pH B B9 FH & i 3. 25 i1
FERT AR N OTC Y HL 74 B, A A TG M S AP i s s ok, IR OTC R BRib 2 4h K 2
/R, BER pH ERIE N OTC MM IEATAE I A ZT R PR 4 | S0 K FHOG OGS A7 o Z O &, N
e OTC R Af 3R F SRR IR pH 3B 7E pK,+ 1 2451 LB OTC 9 FEEAEAE TR A 9 HOTC Fil
OTC™ . Ktk , OTC MIAAAETE SRR T OTC SR A 3 i — > 2 S E AR R Y pH R0 C 76 At Y
WIS RS C R R b o g 3]

10f - - . e -
7/ N\ P —
08k / \ ! H,OTC* ;
g ! V')A - more
2 06f [ (W ARY i
& p )' ! —.HOTC
z [ | .
= 04t ! ;) 1‘, =:=0TC
L I} .\ il \
021 /!
1 /, \; \‘
L J . \
0 S °\ o N 1 ! ] ! ] 1 | \ | L1
0 200 40 60 80 100 120 140 0 1 2 3 4 5 6
pH Time/h
pKa,;=3.22 pKa,=7.46 pKa;=8.94

H,0TC" ————®» H,0IC *——————®» [OTC <*————» OTC>

1 Z:E] pH T 4 MIEZE OTC E@ﬁ?ﬁ‘rﬁﬁ(ﬁ:)&%ﬁg@ﬁ%(ﬁ)(Co<0Tc>= 50 mg'Lil)

Fig.1 Different ionization equilibriums and its kinetics under different pH

2.0 g —_ pH:4

)
T

Absorbance

g
W

1 1 1 L L 1 L =, ]
200 250 300 350 400 450 500
Wavelength/nm
2 A[E pH T OTC 1AM IIRIBOGTE (Cy 16y = 50 mg- L™
Fig.2 UV-Vis Absorbance spectra of OTC at different pH

2.2.2  BEFUREE R
£ OTC FIERH L 50 mg- L™ A 551, SRS IR MR B NaCl #R5% 25 38 B X OTC G R g i 2 il
G 3K 3 AT LB, R EE TR T OTC 1 GIEA% 3h )1 A AR G M 45 A e — S0 1% ) 1 27 07
T, FLBH A 2575 B (R 3 I, OTC (%) ek i ok S5 bR 33 2 PR1 Ay i 39100 I v L 3 o 2 o 7 ke e A e 57 7
TR A R FL T B 520 vy iR T AR I 390 0 2 43, (A5 I ) 22 1) % A T 22 ) A S lE
f8, DT JIn R o i i . PRI, 7 55 NaCl ¥R BE A 7K T, OTC 9 S Re e EL A o i ) 2 o 1.



434 I S 5%
R3 AR TREET OTC YGREAME MY AH FORE W (pH=8.0, C; ore,= 50 mg-L™")
Table 3 Pseudo-first order rate constant (k) and half-life (¢,,) at different NaCl concentrations
BT . R SS-30 CIERE 2%
ﬁ?ﬂix R A HL 3 : &‘G’E/T_?’ﬂ
Ionic strength/ T . Rate constant Half-life Adj. R-Square
o Kinetic equation 4 )
(mol-L7") k/h t12/h R
0 In (C/Cy) =-0.0358; 0.0358+0.0010 19.38 0.9956
0.001 In (C/Cy) =-0.03911 0.0391+0.0015 17.71 0.9908
0.01 In (C/Cy) =-0.0441; 0.0441+0.0018 15.73 0.9907
0.1 In (C/Cy) =-0.0497; 0.0497+0.0022 13.95 0.9879
0.6 In (C/Cy) =-0.0515¢ 0.0515+0.0010 13.45 0.9977

2.2.3  HEA Y U

Fe’ NO; FUBFIRR (HA) ,J&) IZAFE T /KRB B OGS e A, e AT 0T RSO 5 5 e £k ik
B AR AR (RS A A (HO - ), A A MEE(0,) FIBRARA (10,)) LHALAEE LAY
R, DRTTS L&A HLYS S 1 ) 6 21 181 3 (a) R, Fe™ M AR OTC 6 i Sy S s 4 T, i
NO; X OTC R'GA 2 P TG . 2 5 J IR AT B S PR DA S 3 T NOS W BEAAIR (0.1 mmol - L71) |, M e 55
(e<10 (mol-L™") "eem™) |HO - B F=HL(0=0.009) "> & 3(b) B/REARMEE HA X OTC JEFE
R 1 S 5 RN HA (9 S REA EE 80 2 mg- L™ HA BiF, OTC AR A3 351 0 ( =~ 24% ) ; B
H HA YREERTHE , OTC AR Ao A48 50 AR AR AHLEVA UG, HA IOER X OTC e i 2R HA
B A G2 EVE 3 S RUOA R BE I, HA ] DA ISOL THAL A O STF - A id A 8 i, fe ik H AR
J IR S 5 RS HA Y RERSE NN, HA SR s M it , HOCHR e/ AL 2380, DR (g A T DS

JZAEAE TR Y HCOS AT LM 3R HO - MTRRS A AILA) (4 Bfige 7 HE Am f 4 L SR T ZEAR B 5
NI HCO; 1Y SR Y A8 4 (k= 0.2416+0.0072 ) S % FRAL (£=0.0358+0.0010) (19 7 f&% (&l 3(a) ) . i I
W T 2846 H pH XF OTC (Y R AR LA 255200, PRI HC.OS 6T 6 R Ak 1) A2 a8 8 B2 IR 45y X B4R R 1Y
Z .

[ (a r (b
or 0044}
-03F
+ 0.042
= 06
S = Control = 0.040
= -09 <
’ e NaNO;
12k A NaHCO4 0.038
v Fe**
15+ z 0.036 -
1 1 1 1 1 ! N I ! I I | I
0 1 2 3 4 5 6 0 2 4 6 8 10
Time/h HA concentration/(mg-L™")

3 (a) REMNBABIZIM 0.1 mmol-L™' NO;, 5 wmol-L™' Fe*, 8 mmol-L™" HCO; Xt OTC G 20 ;
(b) ARl HA ¥ B2 SR H B AL ( ooy = 50 mg-L™', pH=8.0)
Fig.3 OTC photolysis (a) in the absence and presence of 0.1 mmol-L™' NOJ,
5 wmol+L™" Fe’ and 8 mmol-L™" HCO; and (b) at different HA concentrations

2.3 WIS PERUR OTC BRI

T IRFERRAEAE OTC Wik T v 0, B A R e 8 o R85 1) 6 SR8 3 A 5 48 0,
N, DURIE B SBEAE 0,30 N R HEAT. 3% 4 TRUE 76 N, R8T R OTC Al e i SR K et > 1L
5 N, R T (h=0.0280£0.0007 h™') 525 (h=0.03580.0010 h™") [ esftisk 2 3 KOl LAHedT 121
25 78% OTC KH: FHEM, FWIFE pH=8.0 I, OTC H9IE AR = B8 B4 6T I JLAM T Fas
ST, OTC 7E 0,5 T AR 5 4 KUM I T 20 180% , W1 5 19 9% 53 36 W 48053 T 72 OTC AL
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feid e b HoA AR,

J T BHRIE OTC SRR, el B rh A £ X b I 136 Pk U AR50 a3k 4 FiR  mA
L (HO - VKFH)) A AYEALEE (SOD, O, %K) &, OTC MIFEfERI> WIFEAR T 8% 4%
NI NaN, ('O, Ffi 3K 300) XF OTC B B fff 3 F 5 Wi A K, A2 3%. ik S 25 S B | A AR 40L K BHOE R K
OTC SERA 2 TG (78% ) MG MW Fh (HO- .0, F1'0,) SEAY Lt 2 A VEH.

4 ARSGEEETFGIN T OTC HMEREE 4 AL Cy ore, = 50 mg- L™, pH=8.0)
Table 4 OTC photodegradation efficiency with different gas and ROS scavenger

A TR e JEE fEM BRFE b
Reagents Concentration Function Rate constant/h™"
=5, 0 oyl 0.0358+0.0010

N, FREEE A [CE=§751 5 0.0280+0.0007
0, LA [EE%18 0.0988+0.0009
P 0.1 mol-L™! 3k HO - 0.0328+0.0006
SOD W4 600 U, 4 0.5 h %3 300 U gk 0,” 0.0344+0.0013
NaN, 8 mmol - L™ VEK'0,( E%E) + HO - 0.0348+0.0035

2.4 OTC FEfify= 4y )iz

SA LR (TOC) Z5 R s, 2848 6 h DGR, OTC Y SA BLR K R R4 R 14.7% (18 4) X R
JEHRRA T OTC M5E48 4, T RESZ Hh T OTC AL 450 RS E L. ) T AR LR ST OTC HISLRE AL
P A LC-ESI(+) -MS/MS X R a5 A it A7 1 o3 #r.

14 L —_—

/

EQPES
2 L
<
210
.S F
s8r —=— R Bz Light
56l —e— % T ¥ Dark
p> 4k
2 -
0 % ? b T 4 T *
0 1 2 3 4 5 6
Tiem/h

B4 AHIICIEMET OTC i TOC LB Cy ore,= 50 mge L™, pH=8.0)

Fig.4 TOC evolution during OTC photolysis under simulated light irradiation condition and in dark condition

W RS T BE T T A FE Y, H om/z 43BN 433 447 461a 475a 475b 477a 477b,7 Bl F
FE A RS B ST (] B A8 A DL T S PR e = B o it % R, N BB LR AT A, DRI R R 4 1) 0 T
FUWE A Bt S BRI T 4 ZR WA A28, 0 ) D M - A2 Ot PP O Ak SO BUm i Ak
(FE6) .77 2(m/z 447) & OTC BIBEF 374, 3% F BN N—C SRR ERE ), 25 5 Wi .
M5 HRT LA =4 2 Fifi ot RS ) f 264 e e AR B BAE T 1 (m/z 433) B W AR R
SEREAR, S B IE T LI 2E S UL 1 &) 2 20 F SRR 7. ) 3(m/z 461a) BEINH
J& OTC M- B AR Sy, FEAA LUR A (1) 5 OTC AHHFIRY m/z; (2) 18 N, U A 0,50 1y
AT LAAE 85 3) MS/MS 25 5 & BLEAS [ M+H-NH, ] * il [ M+H-NH,-H,0 " T8 11§  1ii OTC i 15 7k
K[ M+H-H,0] " Fl [ M+H-H,0-NH, | "4 BE-I B A8 S A P RE & AEAE 0 A” (C3) 8 35 B’ (C12).
MS/ MSSE F 5% W B -4 W F. A8 Mg B R AR AE 36 B IR 3R A AF T [ M+H-NH, ] * 15 11 4= .
T 6(m/z 477a) FIF=8H) 7(m/z 477b) I BT EE e OTC 16, iX AT g S OTC 3G PERBALIN—OH 45 5.
FET AR AE M O RE E M, I—OH A AT BEA 5y OTC Y Iy BE — B 3B 23 LA Bz = R EEF 42 X T2 6,
JI—OH WA E R OTC ByFRSEIE A AIABRAL(CO) B/ RN (CT) , JE HLAR 2K — M Fl ] 25 4544 5 74 6
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(LA

35 %

A R AT B AT

% Pl m/z 475b (7741 5) 774 ,MS/MS #
[ M+H-NH,-H,0] "2 [ M+H-NH,-CHO]"
— B A R Y 25 R

i [ M+H-NH, ]*
%““i)\jwl:?ﬁ%%‘ozﬂé’r:ﬁﬂ%ﬂﬁiéﬁ
NaN, i SO H, 774 5 00 7= 32 KR (11 7). B i =R FH 1] s 3 s in s iz 21 ( RB) L, 78 A >420 nm

JEET A 0, BTk E— 2L MR ) 5 B AR AR IEANPIORL, ZEAN N RB BB, 7 5 /Y

aia

PR T=H) 4(m/z 475a) .OTC ) C1—C3 LRI A 5 —A T RERY
um,ljwmf TEPGAN W HL - RE AT, SR 00 PR B I, T A 72400 7 (/2 477h) LRI L€ 21 55
GEIRY] 5 A 3 A EE A BL(-17.-35 Fl-46 m/z) , 735l
, X e B i i R A 8 34 . Chen
FI i BT AR S g 45 2R fE U

PTG T 2010 {5 (1 7) TR T 724 5 210, S fLhy 2 L.
—e—m/z 433 —v—m/z475a
1400 —e—m/z 447 —e—m/z 475b
}, —a—m/z461a —<«—m/z477a 1 100
1200w —»—m/z477b
. —=—m/z 461(OTC) ‘_90

1000 :— \

Peak area
(=) ®©
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L d
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0 ﬁ‘f | L I 1\? L1y

0 3 6 9 12 15 18 21
Time/h

B 5 ARRHEER T OTC M3 R REAL( Cy oo, =

Fig.5 Product evolution from OTC samples collected at different time points
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* .. hv
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¥ OH, L 2 OH,_CHOMH, ,NHCH,
OH ,CH N(CHﬁ)z Demethylation o
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OH
i R OH_ CH3"H, ”\NH%)H

Demethylation

h
OH © OI-PH OH O OI‘PO NH, OH O OFPFb NH
H,
P4 2 =1
OTC m/z=461 m/z=447 m/z=433
W‘ JlisE 3 OH,_ CHPMH MNCHa,
fran Hydroxylation < Ol
b —  a HOE |
& || Keto-enol o)
o | tautomerization
E process NH,
& =4 6
S m/z=477a
/ e OH_ CHPHH NCH
OH, CHOHH ;N(CHﬁ)z Hydroxylation (0]
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’ i P 4
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OH__,CH HN\\O

'0, 44k

OH O O

P4 5
m/z=475b

6 R FDEA T OTC HIFME4 K AT ARAIBEAE ( Corone, = 50 mgeL™", pH=8.0)
Fig.6 Degradation products and the proposed pathways of OTC photolysis under simulated sunlight
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6000 " m/z=475b

5000 -

4000 -

Area

3000

2000

1000

Control NaNj RB
(8 mmol-L™") (0.02 mmol-L™")

B 7 7% m/z 475b (A R AEA R RS T IAEAE (Cy (e, = 50 mg- L™, pH=8.0)
Fig.7 Product m/z 475b from OTC samples collected at different condition

3 4512 ( Conclusion)

(D) BEURBEEAE S , i IAS [F] 520 K2R 1Y OTC Sk 7 B S 45 6 E— 93l ) S A58,

(2) 75 pH BB TR EE % Fe HCOTAN HA BIE(ESAEARIFFREE 1% OTC i FAf i A HEAE FH , i
NO; X R TL-F- 15 A 5.

(3) OTC [ EREffR e EHE M ANG A (HO - 0,7 110, ) #E X5 L i [B) $20'e ff L [R]/E T A
4

(4) fd ] LC-ESI(+) -MS/MS #5021 7 FhRefe 4, It 7 H AT RER 4544 s 42 5 17k b OTC 1Y
FIRERE AR AR, TR B P e R Rk SO A A
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