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Degradation mechanism of trimethoprim by organic acid
chelating Fe’*-activated sodium peroxydisulfate

WANG Huixian LUO Jianzhong” LIANG Zihao SONG Jian LIU Jinhua
(School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou, 510006, China)

Abstract; The organic acid ZFe*/sodium peroxydisulfate ( PDS) system for the degradation of
trimethoprim (TMP) was investigated. The degradation is based on the generation of sulfate radicals
anion (SO, ), which have strorig oxidation capability. The effect of initial concentrations of CA,
Fe*, PDS, pH, and concentration of organic acids under different pH on the removal of TMP were
investigated. The results showed that the maximum degradation efficiency of TMP reached 82.55% at
the molar radio of GA : Fe’*:PDS : TMP = 5:15:40:1 within 30 min under the experimental initial
condition of TMP=20 pmol-L™", pH=7 and 25 °C. Citric acid and EDTA had positive effects on
the degradation of TMP, but sodium pyrophosphate and oxalic acid had negative effects on the
degradation of TMP. The results of quenching experiments confirmed that the oxidizing species for
TMP degradation were attributed to SO,” and -OH, in which SO, played a leading role. Five
intermediates were identified by employing liquid chromatography- mass spectrometry ( LC/MS)
techniques, and it was speculated that the degradation pathway of TMP involved hydroxylation,
demethylation and cleavage.

Keywords : organic acid, ferrous ions, sulfate radical anion, sodium persulfate, trimethoprim.

2017 4F 12 A 14 B W (Received: December 14, 2017).
= BB R A, Tel;:13711079228, E-mail ;: 26238@ 163.com
Corresponding author, Tel:13711079228, E-mail:a6238@ 163.com



2258 B2 5% 1k 2 37 %

FH 4B ( Trimethoprim, TMP) 4 2, 4- 2 }&-5-(3,4,5-= W E R 1) Mg | 2 —Fh 1Pl 25, %
5 Pl Y ST A S i e D o 40 1) PR A 32 DU LT BT B R B e 24 W (L B 35
PR PERAE LA R JRAI ARS8 5, DRI 32 W THIR 7 il o g | WP T Ik | SV R 5 €T
JEPRAEY Y RIS 1 R HEHGE , fET5 /K AR K (FRAK IR LR AR K A 0 38— ik
¥) TMP.FATTA-KASSINOS %5 RfF5E Fe I HH 545 b (i 3t 327K 357K ) HE KRS BEHEZK o TMP (19 7% 2§
Rl 739189 30—150 ng-L™' 2037000 ng-L™"  10—7600 ng- L™ . TMP K H: I8 A K e e DL K2 578 1)
A AR BRI B0 R R T A e 1 1 i 2590 S~ N3P 3L ( Pharmaceuticals and personal care products,
PPCPs) Z—"* BAEGEAEAL T 2% TMP (¥ AEFRRE AR F A BRI 7K v iy FEY 407 e 2330 TR R K A
ARG, BB B Tk AR AR AR I, O dd i B D B A ) g 4, 7 A AR AR EE I DT 25 287 ok 4 B JX
WO T R I BT AL R AR K P TMP AR LA R L

R WSRO IEA B

Table 1 Basic physico-chemical properties of Trimethoprim

P/ i
28 sty AT KR
CAS . . . pK, Water solubility
Drug Chemical construction Molecular weight 5
(25°C)7 (g:L77)
C4HgN4 05
NH,
N7 OCH;
&R E 738-70-5 b 290.32 6.6 <1
N OCH;
NH, OCH;4

VLR, B T2 AR AR AR A rh 2 (Sulfate radical anion, SO, ) BK R FEf# K H Y PPCPs 2 E]AATHY
T RE™ 80,7 5 -OH(E = 1.9—2.7 V) ML, B HaR A AL RE S (B =2.5—3.1 V) " RIE K
w1 B SO, T AL RE M MERE A HL L AARL. SO, AT LGl b 4w #8 UV R 5T 8
TG BRERER (PDS) y= A Hodn i Y G4k B8 Fi5 4k PDS e sk Xz —. B, B A il
I R ST T B T 6 i FH 40 e ETRRI5 o, (R A % 006 A i 19 6 R 7 150 4 AR 1K
PR AERER S 1M Fe™ TG Ak it B BRER W i PP AR A5 R DLIRGH , HL Fe™ MR S £ 5, A MR MK
B SRR PREE A A . BURTE R TG AL PDS ad FE v, Fe™ 5 i Sk e A ke, S B AL fE 152
B s (ECIN A LR R LA B IRk DR A 7 A Sl Fe™ 1 Fe™ AUV B, B0 75 1L PDS BRE S

ARSLYGHIFSE THFBRIR IR Fe™ YR \PDS MR pH H 55 SV S 806 TMP B RCR 0 52  , LU
AL AT A Mo g AR AR (A7 4R \EDTA [ FR FRBERR BN ) 14 220 TMP S ALRE A i 52 i), [a] i
WHIE T A DRI ZEA FCLE pH 5040 T X EALRE M TMP 15200 5 Ak, 8 i A FHREH b & P 24
SEARR A LR A R H Fe™ 16 4k PDS 7= 1) B IEPE Y AN KA f 5, S8 08 T AP A R A R b AR AL R A 1Y
SECENER Y, LIS A K R R TMP 4R AR .

1 #ES I ( Materials and methods)

1.1 35

H N IE (TMP) |, 40 =98% , Bl T /A 7] ; % ( CH,CH,0H) . ZJiE (CH,CN) | H iR (H,COO0H) , {11
ial, K E ACS BB B K G B BRI 8k (FeSO,+ TH, 0) | I B B2 #1 (Na, S, Oy ) il AX B 2 4
(Na,S,0,+5H,0) T (C,H,CH,0H) #7R (C H,0,) . HfR(H,C,0,) JEMEMREN (Na,P,0,) .EDTA
(CoH,N,Na,0y) , 43 #r 2l , REEBOE Ak 2 i)
1.2 3%

HJ-6A 223 B0 fE R G T i b (M IRAEAL SR A PR | ) 5 i ROBAH 35 (X ( Waters 2695, 36 [F
Waters ) ; U €035 B IHE X (LCMS-2020, HA S #HE) s # pH 31 (PHS-3C, L RFA AR ) LT K1
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(AL104, #5 5 -4 F) Z AL 25 A BR 28 W) ) 5 4l K/#8 4l K — 1R {1k & 48 (Smart2 Pure, 18 [E TKA) ;
AS20500BDT-1 B 75 175 5t i ( R LR BRI (A8 A PR 7] )
1.3 SCEal R

TMP G e B W 2 mmol - L™ Y TMP A9 ( LA AR FAR A T, BB vKAE
4 CTIRAF; B L AER I 1.0 mL TMP i 45 T 100 mL 25 &, 188 4K & 2515 20 2
20 pmol - L' ) TMP S Wi .

SCEG TR O 100 mL TMP 52 380 3] 250 mLL 47 38 VU 3 29 P9 A B R B 38 b, i H, S0, %
NaOH #8755 SR pH i, B T HI-6A Z LB 5 R M ) ka8 N HEHE IR A HLER  Fe®* Al
PDS, LA PDS NiiF 3 45,25 °C R R FE] 30 min, iEBFBURE 1.0 mL, 7. ZI0A 5 PDS Z5 8 /K LL 1K)
Na,S, 0,21 AR5 FH 0.45 wm FFL I S5 8 8, WACHE 000 5 DB 1) TMP. 4B 35 2 A4-F
FTRE O (.

1.4 FEFILS

FRCBRA A (HPCL) 23 #7 : 4354 A waters X Bridge C18(4.6 mmx 150 mm',5 um) ;% shAH 4 £
Hi5—0.2% W R KW (15:85 ) L i 1 mLemin™" 5 K028 4% L — % 45 4 K6 28 ( SPD-M20A ) |
K 1 239 nm , M 35 C.

AR a3 B B A ( LCMS-2020) 437 : (A 44 4 SHMADZU VP-ODS(2.00mmx250 mm, 5 pm) ;
AN R Z I —0.2% PR ZK W (15:85 A FRLL ) |, SR FH - J0H6 B DR Ik T 25 07F - FLIss 55 2 U IE 2 11
R (ESIY) , B IR 350 °C AR R+ 1. 15KV, PR AR T 101~ min ™", 8555 AR #E 1.5L-min™",
TSR TN 55 AR i L, FHVE L 10—400 m/z.

2 5L 59598 (Results and discussion)

2.1 ARFERRSHT TMP AR 52 )
2.1.1  FPERRWIGE TR
B 1 R ASTRIFTFRRR (CA) 0 Uf e BEXT TP J& fife 11 5 1), S g A 00 46 4547 R . pH = 3, 25 °C, TMP =
20 pmol - L' BE/RK H Fe? :PDS : TMP = 15:40: 1.4 CA ¥R & 0, H T3 H CA Mo EH], Fe™ & BRI
1k PDS P2 KRR SO, FALREME TMP 2230 TMP B8P FAf (5 2 min DUS FEE K0 04T, i TA& 5
A LA A0 1] 8, SO, ARRERL TMP 850 FI T, FEAIE TMP (BT 5 24 CA fEFERE A Fe™* £
5 CA RAESA I, TE18 B Fe™ T4k PDS, 72 A1 SO, FRLL LR TMP' '™ s i CA )46 e BE 184
K, TMP )RR il R SE A R I, 35 & PR I ACTE 24 1) CA il DR aE SO, B4 B2 CA R IE K
W, 254 Fe? MR TIHER B Fe™ ME LLBEHL H R B0 PDS, Hod 8 CA 25 S0, R | WA T B A%
TMP [RRERRE ;24 CA :Fe?:PDS : TMP = 5:15:40:1 i}, )27 30 min J& , B2 515 71.28%.
2.1.2  Fe* WIth U
[ 2 ARIE] Fe UG FEXT TMP [ RS2, 2 RIRI 4R 4 . pH=3,25 °C, TMP =20 pmol - L™, BE/R
Ft CA :PDS :TMP =5:40:1.24 Fe** /TMP EE/RH, A 5:1 .10:1 ,15:1.20:1 .30:1 B, 52/ 30 min J7, TMP [
R M 37.18%, 65.07% , 4. 16% , 75.67% , 66.22% ; Fe**/TMP JE /R Fb A 15: 1, B Fe™ ¥ JF N
0.3 mmol - L™ B, B A A B e KAA. 24 CA WRIE — 2 i, i IR Bt @5 1Y Fe®* #R PN TMP (1) [ fiff, Fe™
W AR BEA 2B TE A PDS, HETTRE M SO, ™ 1Yy Az s B i 3k i 19 Fe™ VR, 55 CA JE UM EE & W 8K
HARRY KRR Fe™ WS LEIR I T, 2 HI 55 Fe™ X TMP LI A AU L IEVE FH. A P9 R0, Fe™ R HL T
MU R AL A% S,05 77 4E SO,7,S0,™ AT LV IEAR TMP , W (1) 7 ; Bl Fe™ W1 R BERE K,
iR Fe™ 25 S0, KRARN, AR (2) Biast AR 4 S0, 7,5 TMP w4+ 56 &, Xt TMP i)
RSt T AR .
S,0 + Fe”—— SO, + SO + Fe* (1)
SO, + Fe™*—— SO + Fe™* (2)
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Ea2+e N &S AN)
—=— CA'Fe*":PDS:TMP=0:15:40:1 10 — CA-F62+-PDS-TMP*5-5-40-1
—e— CAFe?"'PDS: TMP=2:15:40:1 ' —— CA-Fe2+-PDS.TMP:5.10.40.1
1.0 —A— CAFe?" ' PDS: TMP=5:15:40:1 —A— CA~F62+-PDS~TMP:5~|5-4O-1
—¥— CAFe?':PDS:TMP=10:15:40:1 08 1 —v— CA-F62+-PDS-TMP:5-20-4O-1
—#— CAFe*":PDS:TMP=20:15:40:1 —e— CAFe” 'PDS:'TMP=5:35:40:1
08T % CAFe?"PDS:TMP=30:15:40:1
5 - i S 06 |
S =
T 06 )
04 L 04
02 Il 1 1 1 1 1 02
0 5 10 15 20 25 30 0 5 10 15 20 25 30

1 FPEERR A IRV BT TMP R A (14 52 )
Fig.1 Effect of initial CA concentration
on TMP degradation

t/min

B2 Fe EAHHPEXT TMP B 15205
Fig.2 Effect of initial Fe*" ¢oncentration

on TMP degradation

2.1.3 PDS #IHHHE

[ 3 ORI PDS WA T L X TMP FEA# H S0 , SRERI IR 45k - pH = 3,25, °C, TMP =20 wmol - ™", JE
JRIE CA :Fe* :TMP =5:15: 1 {ESC B B b BfiZE PDS %) 1A v B 48 hin DM P B I e A0 R B 42 7524 CA -
Fe**:PDS :TMP = 5:15:40: 1, Rl PDS #4534 & 4 0.8 mmol - L™ B, JZ W 30 min J&5 , TMP (1) [ i 28 3k 3|
71.28% , 1M 24 PDS ¥ B 4k 238 FCHsF | AH ] 5 R B[] P, TVIP A8 A 56 H A R 3 8 o R PR Oy, P AT 18
MR 454 Fe™ R R T, CA/Fe™ Fl PDS J2AH BAEH =4 A HIE KR T CA/Fe™ S 2 E RN, BEXT PDS 1
YR A BR A, BT LABOINAT 5/ PDS AR 2 35 52 5 TMP Y I AR SEI0 8 B 1 25 1, 1R A e
FEEEIR LR CA :Fe’:PDS :TMP = 5:15:40: 1. 1L 4h ;TMP AR i FRAT A 1 — U N 8 J1 28 7

e S 3)
Nk, RPN S) 127 (min ™" ) 5 TTMP ] 2 TMP 2RI T8] ¢ B9#EE (mol - L") .

Bl 4 R —G0 SN R Bk, BER Z2 HPDS W46 MR B2 B AR AR L. i (8] 4 BTk, BE PDS R 4GV
PRGN S L M3, WA A Zrft TP 194 6 i 23 55 95 R v 80 1) 28040300 1) a5 2 TE A DG OC R i T
AL TMP R = ZEVEH] A& PDS 36 167 A= 19 B i 3, D BEHEM ZE AR S 36 254, A i B6 0977 & F1 PDS
WP L R IR R L5 BT CA 254 Fe™ i1k PDS, LA TMP 525 FJ&—Fh g ) i, Hos %
AT DAV — G 8 B 15 B3R

ky. = Y ka,[PDS] (4)
o ko ROV EER R Lomol min™") ;o N—FEIRE T PDS i ALFE A B R R
2.1.4 Wk pHE

Kl 5 AT pH X TMP B 0 52 0, S0 90 36 4444 .25 °C, TMP =20 pwmol - L™, CA :Fe* :PDS :
TMP =5:15:40:1.CA/Fe® /PDS 4841 2 K% 30 min J7, 24 pH=3.5.7.9 .11 I}, TMP R 3R 5553
71.28% ,79.48% ,82.55% ,82.51% ,4.71% ;pH="T I} TMP B AR50 R B b X 1 RS2 N AR [A] pH 2544
T, AR R R EAEH B A B AR, RIS S0, & FEEM H WM, BR T PDS iE{k™4: S0,”
Hb IR 2L PDS P2 A EEZ Y SO, (H K EERY SO, S0 1 A vh B[R] (4 B 128 AL 3 M AH B KBS
PDS A R A BE 0 5 55 09 R 3, T AR T AR, BRI TR R o Rl 5 e S T
SO, Al - OHAL[EIfFELE, SO, ” T2l l TR IR AR R Mg 15 4, 1T - OHINLZ38 35 i i C =C WU sk
B C—H N—H ,0—H % i H & b5 e ™, BFPGi e 3 AN RIEEO 5L 45 A 57, HoAe b vk fn
B SR T8 G RE T BER TR ML ST, Wb PO 59 25 T, TMP B R A RCR DL T IR YE 451 T
TMP [ REfRCR. pH (L 5, PDS 5 Wi, 7= A 11 SO, - &5 OH W44k k- OH, LW H ) SOT
X -OHEA B 78 pH= 11 B&ME T, Fe™ 24 UTTE, 1M A BB 2 7820 FHH , SO RE TS 1k
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PDS, SN TMP [ FEA. Pt , WAHT SRR R R, 24 pH (E <9 I, X5 TMP (RS RBE pH {5 T+ 22 AL iR
FEARK AH2 pH=9 F| pH =11 [A]H 37—, X T RE S5 5 A p R 56

—=— CAFe*'PDS:TMP=5:15:10:1

—e— CAFe*PDS:TMP=5:15:10:1 0.06 -
—a— CAFe**'PDS:TMP=5:15:30:1
10 —v— CAFe?":PDS:TMP=5:15:40:1
—&— CAFe*":PDS:TMP=5:15:50:1 0.04
08} -
k=
- £
= o06f 3
o 0.02 - — —
1=0.05573x-0.00486
R?=0.9864
04t
0 1 s 1 L 1 L 1 s 1
02L— . . . . . ! 0.2 0.4 0.6 0.8 1.0
0 5 10 15 20 25 30 ] .
¢/min Co(PDS)/(mmol-L™")
3 PDS EARHREXT TMP FEAR 15 4 W—PINGERFEK,, 5 PDS WRE KR
Fig.3 Effect of initial PDS concentration Fig.4 Relationship between observed pseudo-fist-order
on TMP degradation rate constant K, with PDS
.\\f
O

0 5 10 15 20 25 30
t/min

B S R pH EXT TMP RS A 520
Fig.5  Effect of initial pH on TMP degradation

2.2 A[EA PR (OAS) X TMP 5 A R A 1) 52
2.2.1 AN[FEAHLERHSE

F 2 NRVMRZ 25°C)pH =3, TMP =20 pmol - L™, AR A5 HLER e B X TMP [ i i 5% Wi 5 2 oph
Fe® /PDS TR R AH L, TIAGE 5 (AT IR XT TMP 480 AL % it HL A B S (9 2 2E 4 5 in A& & 1% EDTA X
TMP 80 A AR T AR w0 | 2 15 D) 3R A VR AT IR 4% K &, 2 CA/Fe™ /PDS/
TMP /R LEAR 30 2:15:40:1,5:15:40:1,10:15:40:1,20:15:40:1,30:15:40: 1 I}, TMP 1Y [ il 2245 91 Ny
67.20% ,71.28% ,62.72% ,49.27% ,37.15% ; EDTA & Z | 2 EE /R KT 20:15:40: 1 B, XF TMP (1) [ figt
HE R B G , BRI R T 16.28% ,18.15%. 13X A g2 K4 EDTA J& T & BB AW, T
R MR B T X Fe™t A IR BRMcVE T, AS 2 B R, AR T TMP RO R A 2R AT IR R S K
SRR FHWLIRES &), B A e 08, BEAF M4 vE M b0 55 PDS B2l /0 T Fe ITHFE, #2155
T Fe BRI FE S = T TMP AREAR . R IL AR [RIEE 7R B 254, X0 TMP 48 Ak R A e 1 /NI
FrEEIR > EDTA > FE M FR B0 > R
222 %GBS pHH

K 6 JyATE] pH 1 OAs /Fe It L4t TMP B A 5200, B8 91 4R 2429 .25 °C, TMP =20 pmol - L',
PDS :TMP =40: 1.pH A HLIR/ Fe™ Fe X AL RE AR TMP 45 HZ200, NAEFAE IR I R T [ B 6(a) ],
SR pH=9 AFIT Fe* (SN THHE ,fH24 CA :Fe*:PDS : TMP = 5:15:40: 1 B, TMP ()[4 2 1] 3% 82.51%,
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M pH=3 A HT Fe* BN TE, 24 CA :Fe™ :PDS :TMP = 0:15:40:1 i}, TMP [ f# RAUA 37.15% . AE[A]
— AR, ARF pH 44T, AR OAs /Fe™ B b X Ak B i TMP A 52 il EL AT = B A9 AR AL 1. 4
EDTA fRRZH [ 6(b) ], AN pH &4 F, TMP B R A9 K/NTF 2 K. 10:15:40:1>5:15:40: 1 =
2:15:40 :1>20:15:40:1 =30:15:40: 1 ; (HAEAR R 8 SR R T A VLR S G e 1A 225, TR 48 &
Be Fb A 5, AP IR IR A1 EDTA R R rf X TMP S Ab 5 A fie A B LU B B0 AE v 8] 9 5 AL IR/ Fe™ i L 45
T SRR AR RN TE T pH 41T, FAT DL/ Fe™ i ELIGINXT TMP () 458 fh R A 52 B0 T gt 3.

F 2 ARIZEEFIHEEXT TMP B AL 5025 R
Table 2 Resulis of TMP degradation with different OAs concentration
TMP [4f# % The degradation rate of TMP/%

OAs/Fe?* /PDS/TMP pE—. — R pr—
0:15:40:1 36.16 36.16 36.16 36.16
2:15:40:1 67.20 38.71 31.70 32.49
5:15:40:1 71.28 37.36 20.57 28.85
10:15:40:1 62.72 42.57 8.98 20.42
20:15:40:1 49.27 19.88 8.86 10.65
30:15:40:1 37.15 18.00 8.37 10.77

6 [A) pH FIZEE BE L XS TMP FAA 52 0
(a) FF A (b) EDTA (o) B2 (d) SRBERR EN
Fig.6 Effect of initial pH and molar ratio on TMP degradation
(a) Citric acid (b) EDTA (¢) Oxalic acid (d) Pyrophosphate sodium

223 SAALTEA bR S
K3 NI FR B A PRI TMP B RS20 | SOVATEG 25068 225 °C, TMP =20 pmol - L',
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OAs :Fe*:PDS :TMP =5:15:40: 1. F 4155 SO, [ k=(1.6—7.7) x10" L+ (mol+s) ' ] Fl -OH[ k=(1.2—
2.8)x10° L+ (mol -s) ™" ] FI FH HEHIAT 15 1 S N 38 5 450, 1B T B 55 SO, [k =(4—9.1) x10° L+ (mol -s) " ] 1)
FN R B -OH[ k= (3.8—7.6) x10° L+ (mol-s) ™' MBI, %6 ] 2. B2 (EtOH ) 5
BT BE(TBA) VB MR R IREN LA . FEFFIERR IR R, 43 BN 6 mol - L™ 1 Z BERUEUT BE , )V 30
min Ji7 , TMP F 8RR R4 W TR T 57.33% ,20.54% , WK R h A -OHA: i, AR AR (5) . (6) 3T
HARE], -OHDTHRR Ky 28.82%,50, MITTHRFE A 51.60% ; 7 EDTA KR FEBERREAA R T, - OHMY BTk
B 51N 23.05% ,24.24% 24.50% , S0, WITTHRE 358 36.18% .26.41% \28.52% . 32 BA 4% A 1R R 4514
T, BEIEEY AP SO, , X TMP A9 A = AE .

R3I OAFEMERT A o SEAIGR X TMP 48 R A )52 0

Table 3 Effect of different quenching free radicals on TMP degradation in the complex system

HHLER o TMP [4ff R Degradation rate of TMP/ %
Organic acids EtOH=6 mol-L”"  EtOH=0.6 mol-L™'  TBA=6 mol-L™" " TBA=0.6 mol-L!
PR 71.28 13.96 47.83 50.74 62.00
EDTA 37.36 15.23 31.07 28.75 32.02
LR 20.57 10.15 19.29 15.58 18.62
FERRIR N 28.85 13.55 22.71 21.78 24.45
R o= (M=Mpx ) /16%100% (5)
RS(’)(:(770_7751>/770X100%_R -OH (6)

Hidr RN A TR (%) 59, MR KGR B TMP S2J830 mindf) FE A2 (% ) 5 mopa HINAGEUT BERT
TMP JZ 3730 minfIFEA#ZR (%) ;m,, NI ZEERE TMP S 30 min YRR (%) .
23 YIRS E

fdiFH LCMS BRI A R R 3 rh A TMP R Rl T, (81 7 S TMP B I 815 3R 4 O TMP
TEFFRE R A 25 H T e 7= A5 4 F 0] 77 40 R 245 s T 8 S TMP 70 A7 452 R 1Ak 2 +h mT BE A % AL AL Pl 181 7
FE AT TMP B4R M £ ) R mizz=291,323 307 .277 110 MR IEHT A BIBFSE, TMP E8A4 3 F
FEALIKAS RS, B0 R 3 Ak, A3 & A TR AL S B AR P R L= ) E B A € H N, O, (1<a<d)
W= m/z=307 323 (TP3 ,TP4 TP5) .H TMP AL #45F v A1, B 4 SO, ™ Ty TMP rf iy 1 g 4 Ji
A B—A~ SO, ALY , iz siids— 1~ SOT A pli—~ A M ZEPHE 70 AT A B &l i A BEigif
TR IR (EPR) 2 AR £ B s e BH S F [ FH L AOTE A7 e BH S 7 A i S R RS 2 K 4
Yty i 3 BH B 14 R A AR ik o i 1 R B 1 1 Pl 3 A7 B R SR e AR R — A
A H R, A A BEETEL A -HO,» B BRI I m/2=307(TP3) ).

FTIC
4.0X100 | TP1 /TMP
3.0X10°
2.0X10° TP3 TP4
TP2 T T TP5
1.0X 106 A ’\ “ J I
1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 0 12 14 16 18 20

t/min

B 7 TMP TEFTERRRIA F e ] 1 ) 6 s 1 14

Fig.7 Total ion chromatogram (TIC) of intermediates of TMP in citric acid system
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R4 TMP TEAPRR AR b 8] 7 4 ) JS i S R ) 25 4
Table 4 Mass spectrometry information and proposed structures of the intermediates in the citric acid system
HhE] =) 1 Vg R ] Vit ESI(+)MS eI 2545
Intermediates Time/min Molecular formula Infer structure
NH,
N OCH,
T™MP 12.737 CiyHgN,3+0 291 b
N OCHj,
NH, OCH,
NH,
N/
TP1 4.087 C,HN, * 110 "y
S
NH,

TP2 6.980 C3HgN,3, 0 277
NH,
N7 | OCH,
TP3 8.476 CyH;sNyy O 307 I
Ny ocH, | OH
NH, OCH,
NH,
OCH,
TP4 11.569 N7 3
C14H N, 05" 323 N
TP5 16.435 OCH, [((OH),
NH,  OCH;
NH,
N OHC; +
| | OHG,
N
N OHC;
Nt OHGs NH OHC e
mlz=291 ? ? NH, OHC,
0,
cleavage
NH, OH _0
NH, NH, O
N7 OHC;
NP e L ~HO,- Ii]/ OHC,
l, | N OHC;, N
X OHC
NH, OHC; ’
NH, miz=307 NH, OHC,
OH OH
OHC,
OHC,
NH H
2 NH, OHGC;,
m/z=277 /=323

B8 TMP EATERIRIA R T REAYFL kA2
Fig.8 Proposed TMP degradation pathways in the citric acid system
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534h,90,” 5 H,0/0H™ | W A LAY - OH L #2 B0k i oo 1 H i 388 iU 3616 7= 0 m/z = 307
(TP3) PV ttAh, S0, st L FAE LI ZF & m/2=307(TP3) — A HLFIE M = /SR A B 7 H
5 BREA R A R m/2=323 (TP4 TP 5) U A4 18, 3 1ot 8 35 1k 52 1y AN FY 364k S 1 A B m/z =
277(TP2) ;m/z=307(TP3) B m/z=291( TMP ) 7E SO, i FREBCE AR _F A H & A4 b 18] 724 m/ 2=
277(TP2) % 24 TMP (31 HIIEA 2L | M R — DU i DU RE 7 2 ) P24 m/z= 110( TP1) %,

3 %518 ( Conclusion)

(1)7£25 °C,pH=7,TMP =20 pmol-L™'FHILH 5514 T, CA 284G Fe* 4k 73 fi# PDS ;= /E SO, , %f7K
th TMP A BT B B AR AR, 24 CA tFe® :PDS : TMP = 5:15:40:1 B}, W 30 min 5, TMP [ i 22 34 3]
82.55%.

(2) FEAAR 45 A EC L 254 T, SRRSO AT HLBR ST TMP R fif 2 52 W 18 /NI R - R A58  > EDTA >
FEWETREN > IR AE R — 45 SR R b RIS A L X TMP B A5, 7EANIR] pH 2R 1R B 4 i i Al
RIPE (BRI 285 TC LU 1Y 52 I FEAN [R] 285 A 2 rh IR 2865 70) B B 2665 e 0 B9 2 S T 2 00 1 AR ).

(3)7E OAs/Fe™ /PDS IR & v 2= A 1 [ i 302 SO, Al -OH, XF TMP F4 AL R fift = 2215 A
F 80,".

(4)LCMS F3Hr 25 R . AR TMP 1) 3222 BRAR VD B 2 Ak S ot B ARUE A S 1 DA S R S v
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