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B OE SR WSEE T Cu( 1) Fe( D)5 Mn( 1) S5EXJ K 3k 07 3R 385042 5 (CEPs ) /K BA e itk
YRR, B BT IE S R i B/ AR R 6 ( PM/BS ) R R AR ALY Min( T ) BE R sk B AL K BR 2R A HLIS Y, 1
Mn( 1L ) %} CEPs (%5 ALAE T i ASBAH. ABF 58 LASK FIRER N ( CFZ) S HARLA9, B2 T Mn( 1) /550 7K H
CEPs ¥ ALAE BT T PM I BS ¥R WI4A pH FEAFA A FEHR E X Mn (1) $4 1k CFZ 1520, R HE 4L
TR (% ER I BT 7 (UPLC-MS/MS) X CFZ BYHG AL Wy tb AT T 40 b7 25 R 3R W1, 24 PM Rl BS ¥ B 43 31l
5.0 pmol - L7 1 20 pmol -+ L™ N5 R 55 R PERT 4 FF Ma( 1) XF CFZ 9554k, finA Mg™ 23 PM/BS
WREXF CFZ WAL, T HCO; FUBFARRXS CFZ By %G Ak A2 24 il 4E H. 3 in A i A iR 515 11 82. 2% 1Y
CFZ JEMF Mn( D) A S0 R, R4 UPLC-MS/MS 347 FL R =i, M ( 10) /589 CFZ [ff 32 B35
IR E AT Z5 A% Z P IEA T Mn( ) 7€ CEPs SEEFEA0 P Ve T, 3R ATATR Mn 0 B CEPs 7E 3558
LA R B T B S M (E.
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Mn ( IIl ) -mediated transformation of cefoperazone sodium
in water: A Proposed Transformation Mechanism
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3. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang, 443002, China)

Abstract; The cephalosporin antibiotics (CEPs) are susceptible to be hydrolyzed by common metal
ions such as Cu( Il ), Fe(Il) or Mn( I ) in water. It has been demonstrated that potassium
permanganate/sodium bisulfite (PM/BS) system could generate Mn( Ill ), which could be used to
remove organic contaminants efficiently, but its role in the transformation of CEPs was still unknown.
In this study, Mn ( Il )-mediated transformation of CEPs in aqueous solution was studied using
cefoperazone sodium (CFZ) as the target compound, and the effects of PM and BS dosage, initial
pH value, and the coexisting components on the degradation efficiency were investigated. CFZ
degradation products were analyzed by ultrahigh performance liquid chromatography tandem mass

spectrometry ( UPLC-MS/MS) method. The results showed that the favorite conditions for Mn( Il ) -
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mediated transformation of CFZ were PM concentration as 5. 0 wmol - L™' and BS concentration
20 pmol-L™" under weakly acidic condition. Mg** addition could accelerate the CFZ removal
efficiency in PM/BS system, while humic acid and HCO; played an inhibitory role in the CFZ
degradation. The contribution of Mn( Il ) -mediation to CFZ degradation was up to 82.2% , which
was determined by adding excessive pyrophosphate in the PM/BS system. Based on the
transformation products identified by UPLC-MS/MS, Mn ( Il )-mediation led to hydrolysis and
oxidation of CFZ. This study elucidated the role of Mn( Il ) in the environmental transformation of
cephalosporin antibiotics which had not been recognized before. This new discovery further clarified
our understanding of Mn species and its role in the environmental fate of cephalosporin antibiotics.

Keywords:Mn (Il ), cefoperazone sodium, transformation mechanism.

KR R AR (CEPs) & — ) 5P A i AE R, B T B-NBI R A R=| 7E AL K Win
Biva Tz R AE RS A A Z AR AL IR SOR] T, T DA Bt HE T 1 A SR8, i A B < 1
PEREANE" 15 YL KIREE T CEPs (017 S PRS2 HLE AR HE 5, 25 5 32 31 4= W [ e A AR A= W ek (UK
fif A R R ) B BRI IS A T A B R A A AR

i (Mn) JCR ) ZAFAETIROK K DU R R P RS & WA —Fh 4 J8 e K. Mn LA
11 AL AP TE  ATEAR SR i 2 AR PIE R AT A Mo ( ID) FUASEYER) Mn(TL/1V) %4k
P M (I IV) AR 2R3 DU KoK A 25 28 e P (0 B B0 A0 40, TG v 3 1 X 4 388/ /K 3R
B B BLITS Y AT R R Al E A S Mn( II)/Mn( 1) F1Mn(IV)/Mn( I ) G BB B =R
AL LA, PR Mo (T A1 Ma (V) % 78 58 S8 A0 P G BRBE i g & BE. 3% Tebo 25 kA, 156 Ao 4
P ATEL R Y T A S Mo ( ID) %8460 Mo (T/IV) 468, 28 S/ER R, M (1) 8@ it £ 4 %4k
it AL IR AR W SR AP FE G A A Min ( TIT) 480469 (40 Min, O, 5 MnOOH ) #1484 ( J5 Rl 1—2) T
Mn( Il ) A2, 55 KA ksl A4 s v A= B Mn (1) A1 Mo (IV) ( 5 FE=C 3) A Mo (1) KARH
FE T LR E A VL B YRGB A . ZE R85 pH AT Mn ( 1) FAAE 50T 11 2 AT 1T 1)
HF AT B AFEHARALAVE P M (1) 4k M (ID) AR, Zhang S5 K307 — Rt AL 4G S A0 40 B
(DS02) W AT AT Mn( 1) &4k, i X SO F RE 1S 40 55 T Bod £ 9 #1045 ( BioMnO, ) 14 3
LA A TR SY  IESE T BioMnO B 5 FPA7EAE M (I , AN R 7. 1% . 30T, Sun 26> 5T
A IR NaHSO,(BS) AT A5 KMnO, ( PM ) 3 i fb 22 S g Jsi Ao A= il s 3 PR Mn (D) (5 (4) ) #2818 T
Mn ( I0) 7] A s A AR B A DTS G P 0 ) RS AR A AE A Min ( T X T3k R R E R IA
T FNFE AR ) 5% i 4 i /b

3Mn( 1) +1/20,+3H,0 —— Mn,0,+6H" (1)
Mn( I )+1/40,+3/2H,0 —— MnOOH+2H" (2)
Mn, O, +4H*—— 2Mn( II ) +MnO, +2H,0 (3)
2HSO; +MnO; —— Mn( I ) +20H" +2S0%" (4)

CEP I RAZIE 1 PUTTHYT B- A R A 7S T ) S P R BR AR 45 1 8L, 2 5 52 38 71 A Tl Aol 257 22 b A1
KR T TR B- MBI FFER . th THAZAE 0 Fl N BRI, B- B HUE R A5 5 4 R
T AR R AR SR HASE . 90, Cu (I0) 7R Zn (T0) ) AT LA 3502 0 7 B R A K Fe (1)
AL B- P BB B A 2 K A i AR Chen S5 ARGE Cu( 1) ALY B-IN BB B A:
RIS BOK AR AR L S5 R pH EAIBTAE R A B 025 M BT 56, Huang 552 Sl 658 Mn( 1) 55
SRR B-IN B R BT AR R W PUARR AL, B2 1 Mn (1) 55 20N VAR LT B R B AR A A=
Bz T2 B- I T2, 1 Min (1) X B- AR S P AE R ARSI JE SR . S92 1, M ( 1T)
TEfe R i5 Qe e A B o th TR BT Mn (D) , 40, 78 Mn ( 1) 41 T B9 YR R RPUA 3R (TC)
Ao ferp, SR T Ma( D) 55 TC BEa WL, BER O K BCE P AY Mo (D) 44609 Mn (1) , 42
% Mn( 1) ¥ TC AL, Zhang %> FERFFT MnO, X JUME B AR 2 BT 2E 3R 1 A0 Ahaod A8 v Al 2% BAH )
(9 M (1) 520z 7.

H T HRFEAEE T Mn () Xk AR 2R 2P AE R AR, A SCRL Sk AURER A (CFZ) 9 AR &
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Y1, FIH PM/BS (K& 724 Mn( 1) , 8758 Mn( D) 7E4E N CFZ B AL ML, 2 s v ke 1 pH 3L 774
S3XF CFZ Ak frszmm , LA e Mn (1) Xt CFZ R sTmk R0 R/, it UPLC-MS/MS 43t Ho5 4k 7=, i
FE Mn( 1) /S0 CEPs #54bi& 4%,

1 #B5 7 ( Materials and methods)

1.1 SEE MRS

FESLI A S ABVREAN (CFZ, =99% ) 4 H 25 [E Sigma 23 ] 5 | £ G FHH R R (i 28, 1 [
5 [H Sigma-Aldrich 23 7] ; FARFR AR (PM, 40 99.2% ) W HRER Z 40 (BS) . L B4, DU IR 4N ATII R ( AR
90 W B R HE 2SN B 5 5280 i K 5 e 4tk

FE SIS B SR AR (35 ( HPLC-PDA , Waters 2695 , 2£[#) ;24 fLIEAHAEEL (SPE) (Supelco, 2
), Oasis HLB [EIAHZEHUFE (3ce/6mg) ( Waters , F2[H) ; Delta 320 pH i1 ( Mettler TOLEDO , Fii+) ; ZAKIA AKX
{L(BYDCY-12Y, 1) s B SR A (A ER R BT ( UPLC-MS/MS, Thermo Scientific , 32 [H ).
1.2 SEEIrik

PM/BS {& & X} CFZ MRS 7R 0 (25+1 C) 544 T #E47. 78 60 mL [T A 5 3% 5545 o A
CFZ (10 mg- L") ARUINA PM F1 BS ¥ ST PM/BS KR | BT HEAA b G Bk — g it 1. S B
pH 3t 2 mmol - L7 B8/ ZBRENZE I FT 5 mmol - L™ R/ B BR BN 2% v i 5 Rl . LY/ NGE i 3h S 3
CFZ KffRY . BT SERR AT T 3 IR,

WE PM WK EEJSH M 1. 0—5. 0 wmol - L', BS ¥ J& i Bl 4 20—100 wmol - L™, 7E & f5 CFZ
(10 mg- L") ISR BB 5| & RN, i ve e dd: PM/BS LWk B, 7E 3 > pH(4.5.5.5.7.5) &40 F 1R
FEVRI pH RHZAR R FE M CFZ 1520, 4% Mg™ (0—2.0 mg-L™") \HCO;(0—2. 0 mmol - L") Fl i 58 iR
(HA,0—2.0 mg-L™") ¥HMAZ] PM/BS R NARZ Y, IR LA /3% Mo (1) BEf# CFZ 5200, 78
T AE R BT s I A B BERR EE (PP) WLEE CFZ =R my etk , #k— B 0F 58 e AR & Mn (1) %
R CFZ () DTikoR. N — B ES BT mL AR RO 0. 22 pm JE I U8 K8 HPLC-UV 230 #r
CFZ 5% BBk, LA RESN R I 8K6 ) ( Waters—PDA-2998 , A =254 nm) , 8,35 454 . Kromasil C18 54
(4.6 mmx8 mm, Kt 5 pm); FENAHA CHE: K (5 0.5% WL ) = 32:68 (V:V); FEifk 30 C; Wi is
1.0 mL-min™" ; HEEE R 20 L. R A CFZ By R

Cc, -C
ELBE ) =

Cy

HHp, €N CFZ IHIIRHRE , C oW I N J CFZ 5% B I .
1.3 CFZ K&ftr=1 ot

SN 28 AR AE B ( SPE ) HEA TR A =) s 46 ), R FH UPLC-MS/MS #4743, BARUNR  F 4 mLL
e 4 mL B4l K % AL Oasis HLB [EIAHAEHURE (3 cc/6 mg) , FRELE TG R 5 mL HI vk i HAndy. vk
JBEE T 10 mL R 4548, AT, W E T H 0.8 mL H B f#. UPLC /B &5 4F IR 43k 4
ACQUITY UPLC BEH C18 #£(50 mmx2. 1 mm,1.7 wm, Waters) , Wi s 0 HEE . /K (0. 19% HER) ; BEEBE
JIi :0—3 min—5:95(V/V),5.0 min—15:85(V/V) ,7.0 min—20:80( V/V) ,11 min—40:60 (V/V) ,13.0—
15.0 min—100:0( V/V) ,16.0—18.0 min—5:95( V/V) ; i 0. 2 mL-min™" ; #i#:35 °C. MS/MS HJ#4E
SRS W55 U 3.2 kV; RIE IR L 350 °C s HEFLHLE 30 Vi ZAHIES (LM T AUA. 3948
Rl :200—1300 m/z; 2Rk . AT I 7E e 8 55 1E 55 -4k (ESTT ) Bk A 7.

L x 100%

2 5 57718 (Results and discussion)

2.1 RFEFEZES Mn( ) MR CFZ B340
2.1.1 PM BS ¥eEE1Y 500
SO R BB TR AN ¢ =C BUEE RIS U R BEREE, 25 5 % B E AL 0 P Ay s Y
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BS FHHEHLIT KT PM I 208/ N E 77 AR 1 MO, , T8/ INZ 44303 CFZ [ ry T4 Mn (1) f4
A R R TEBOE R PM R (1.0—5.0 wmol - L™ ) JEH T, B PM ¥R BRI A, PM/BS A F 3¢
CFZ My :BR3 a2 MR M 32. 18% 14 2= 99. 13% . 76 S i i F i AR i Mn (1) 5 PM B9 & 3 E
Eb, PM e 5 Ak S35 ) 25 A BB B8 ) MinO, PR G T0E , LR AE 5.0 wmol - L7 4 PM (AR . 75
PM ¥ LB E (U IE LT, CFZ B2 BS WREE MM 98. 7% & 2 57.34% , Al GeJ& Kl it i BS 7E
PM/BS R ZR 7524 T VK FIRIFE . R s: PM A BS FMEE M504 S pmol - L™ & 20 pmol - L™ #EAT
2.1.2 pH Ay

pH {EXT PM 8 AL JE LA A5 I 270 TS IR Min ( 11 ) $%4k CFZ fIRE ST, IR pH (B RS K/ NER
LB NER M CEPs KPR CHEN R 2 —. FERMERAE T, PM A R 1,51V, Hal = 1)
Mn( I1) , i 7E P PSS 88 PE 20 T PM AR JE =9 & MnO, , HAAML IR B LA J2: 0. S8V, CFZ [ fif 5
HWHL pK, M pK, 735 4.5 F16.5% MR R pH>6. 5 iF, CFZ 47 i L fir 3 X4 SV M4 R pH<4. 5 B,
CFZ 5 AR IE LA M WA 2R 4. 5<pH<6.5 I, CFZ NWITER 7. &3 pH=7.0 &4 F,
Mn (1) Befb et , 2 FEOLR AR T, R e s pH (AR 4.2 .5.5.7. 2 BEEREXS CFZ [%
f BRI 25 SN 1 BT, SN pH 4. 2 I CFZ B 2B R AT 96% HTE pH 7.2 I HAT 62% ,
CFZ W) B0 pH 3 KM FEAC. XAk 22 B b pH A3 K, — 51 HSO; 24k R K2 N PEALAIG
(B R R 2 (HSO; ——S05 +H" ,pK,=7.2) , 55— 51, Mn ( 1) i fk 5 1 3 K, i1 PM/BS 7R &R 2E
BCAY M (D) THFEEEHG R, HI T 25B% CFZ 59 Mn (1) 380/0, #E1F2L CFZ EBRARFEL. WA 1EH L ITE
BlPE S AR R AR B A KU S FNERPA VD 5L A5 AT LTS Y 0 25 BRACR BRI 0 . Rk, 55 etk
ZARITF Mn () A9 AR AR B2 B AR 0 R fif.

El1 PM/BS AZRTEARTE pH 544 F X CFZ (2 5R
[CFZ]y=10 mg-L™", [ NaHSO, ], =20 pmol-L™", [ KMnO,],=5.0 pwmol-L""

Fig.1 CFZ removal at different pH conditions in PM/BS process

TN, R T2 HRSE pH X PM/BS {4 28 SO 6 PR 200, a0 T 5 PM 5 PM/BS 14 & 43 51l 4
1k CFZ SOV R ) pH HAR AL (K 2) . AR IE T JLAL PM :BS AN[F] B (W) B 2 1 n=1:100
1:50.1:20) AYSEHAL, R BLBER PM :BS HLBIIE AN, pH bl 2 BEA. 2R R R Bk A s Mn (I ) 5
&Y CFZ A RN AN st (5) ) , ik A HSO; SR (A R(6) )8 Ma( 1) (X (7)) KA B
FEAE HY T3 pH BEAIE. & 2 1, PM/BS 1R R TGS 2 A H S B 1 pH, HO J5 1) pH YIREAIR,
1M M PM 4fk CFZ 5250 rh pH A8 b S35 T &, 12 X O 5l PM 2Bk CFZ il B v 75 T #E
HY (R (8)) , BB NG 1Y pH 3K %45 Rt ) 2 bk W] Mn (1) B CFZ 1Y SO 2.

Mn( Il ) +CFZ —— Mn( I ) +F&f# =4 (5)
2HS0;+0,—— 2H"+2507" (6)
HSO;+2Mn( 1) +H,0 — 2Mn( II ) +SO; +3H" (7)

MnO; +H*+CFZ —— Mn( II )+H20+|§%%f£%( PR 451 ) (8)
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[ pH;=4.20 [ pHy=5.50
6.0 6.0}
50F 50
erf )
S0l PM/BS- # 3% pH = 4o
‘ PM/BS-unadjusted pH “T 350 PM/BS- Ai§45 pH
F 318 315 L = 322 PM/BS-unadjusted pH
2.87 3.1
301 3:§§9§* 30t 322 2.82
| PM/BS- 5 pH = 2.86 | PM/BS- ¥ pH Py
PI\A/BS-adiLlstgd pH PM/BS-adjusted pH
20 1 1 1 1 1 | 20 1 1 1 1 1 1
1:100 1:50 1:20 1:100 1:50 1:20
PM:BS(n) PM:BS(n)
r pH;=5.50
6.0 ///?48
S0 6.11
50
E 452
el —— —
40k a3y 440 pHj=4.20
3.0F
PM- {45 pH
PM-adjusted pH
2.0 1

1 1 n 1 n
02 04 1.0
PM concentration/(umol-L™")

B2 #0hG pH (5510 4.2 J 5.5 I, PM/BS 1R & K Hi PM 5 CFZ [% 5 1 pH
Fig.2 The pH of CFZ solution after reacted with PM/BS system and PM alone when the initial

pH values of reaction solution were 4.2 and 5.5, respectively

2.1.3 AR

RIRE AT 2 A7 T ki AR AR BR BT o | 4R IEAHIL B Tt AS ATkt G A7 76 T AS [l A 3 e A
H4r%F CEPs WAt 2577 A —E R R . R 17 PFAh Mo (1) X CFZ 767K A BREE 45 14 IO e 1A
FHOBFFE T LR WAL AEZH 53 (Me™ \HCO; FIHA) X Mn( 1) /5 CFZ $ AL A2 . 4nl&l 3 PR Mg™ ik
BE R38R AR E PM/BS RGN CFZ B 2Bk 2%, i HCO; MR EEM 0 3 E] 2. 0 mmol - L™ B i T
Mn( 1) XF CFZ %5ARAE T, ATRESE BT HCO; M AR R By pH E3 &, T8 M (1) A28 i T
K. JEFEIR (HA) 2 RRA NI FE RS2 —  HA (0. 5—5 mg-L™") FIIA RS CFZ 2255 B — & iy
HIEA (B 3), A 0.5 mg- L' B HA J§ CFZ I ZBRFM 79% T K5 62% ,bi#E HA W (0. 5—
5 mg- L") it —20 10K, CFZ B8 A Wy LT %, an HA W EEIE K3 5 me- L' B, CFZ LFR%4
9 69% . A WEFE I, HA 43 TR AEAE B REBE KMnO, BB A8 JFERE A ) S0 HA B 26 34 J5 3 4] fiE £
Mn( ) %4k, S50 CFZ = BR TR F&ilt, Oldham 2554 & 1 HA w6 fE5 Mo (1) 1 A8 E R4 58
(Mn( I)-L) , i HOZ45 A Y RE e s bl BB IEZ i 1, B AT N3 5] sl AR Ak 57 2 5 AL E i
N ARG R HA VR 3N CFZ 5% A WA 7, T ES Mo (1) -1 9458 A0AE A O, #HG
LA T i — L5
2.1.4  SEAVERCR AR BERR BN 5

FEREIREE (PP) B | & WU L FRAFA BT VE A Mn (1) B9 56 PR LA, AT 52 M Mn U {4
()Tl A BTG e e ). 5 58 T AR S e MERC A AE T Mn (D) X CFZ 2% Bk 3R (14 78 A A% 1, AR 4
AR CFZ 2B DL E— 0 8 i 22 A8 ) Mn (1) %F CFZ FEf# A0 Tk R R/, G5 R R0 (& 4) B
& PP UJE(0.4—8.0 wmol -L™") FYIEIIN, CFZ B L BRI T FE. 24 PP i it f5 WM 17X CFZ 1R
KRR 99% (AN PP) G FEAKE] 16.79% (PP WFE A 8.0 pmol - L), KL HELHT Mn (1) 4~ CFZ [fift
7 A JS R I TTRR A 82.2% . IRIIL, RNAR R H U= A= i) Mn (1) 7€ CFZ M REFf i & 4% T FZEH.
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ES Z% & 60-— /
g % : R
5 f % 5w
f - 1
, % // 20} w/ff
i) 0 : %/2 Vi 0 / i
0 Olsc/(mg?l;o’l) 15 20 0 0.5(:/(ml 11](;(1)-L") 15 20
80-— %

0 /i

0 ;
0 05

1.0 1.5 20
c/(mg-L7h)
3 HEfEA S Mg® (HCO; F HA Xt PM/BS K & 4% CFZ B
SR 5A [ CFZ] =10 mg-L~", [ NaHSO; ] =20 wmol-L™', [KMnO, ],=4.0 wmol-L!

Fig.3 Effect of coexisting components such as Mg>*, HCO; and HA on CFZ degradation in PM/BS system

B4 FEEHRER(PP) XT PM/BS R R FEME CFZ B0 K Mn (TID) X CFZ R BTk
L& [ CFZ]y =10 mg+L™', [KMnO, ], =5 wmol - L', [ NaHSO; ], =20 wmol-L™!
Fig.4 Effect of pyrophosphate (PP) on the degradation of CFZ and CFZ removal
contributed by Mn ( I) during PM/BS process

2.2 CFZ W kit

1 UPLC-MS/MS I & R A =y aihe , dE il CFZ p9F b i 4e. AR 4 CFZ Al Mo (1) 2 b J5 W
DR BB T L (T 5) 15 1 F AT 8 AR, FoBifar b (m/z) 43 518 684 530 481 431 437 393 FiI
525, FFEAIE B NE 1 FoR. NEWRR m/z FIOREABTE (v ) #EWr i Mo (1) FEf# CFZ 15 Lk 45 4
K (anIE 6) .
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5 CFZ 5 Mn( 1) J2 )07 P P= 0 5 18 F I TRl
Fig.5 The total ion chromatography of degradation products after CFZ reacted with Mn( Il )

R CFZ EZREAR PI RO R B 8] m/ 2 BS540 3R L ]

Table 1 The retention time (t,), m/z value, structure and mass spectrum of degradation products for CFZ
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CEPs 1) C-3 S HUREE B-INBEREIR | C4 RLFRIEFN C-7 o MU Bl 15k e B 4 2 o A= I A S L, A — 7 5%
TP &R EF a5 AWAIK IR, Chen 220N RHA BB F Ca( 1) Al Fe( M) Xt CEPs ¥ HEfE
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HEHOK g ANBE AL, W RIXSF CEPs Sidi, Cu( I1) Fl Fe (1) T2 —FhoK fif 8 40 570 i A& AL 1EH
FHIEHT Ca(1) PV 8 Fe( D) ™ 5 B-PI B IR B A FR IEFARURBECAL , 23 T B- Bkt A 2 A K
fite. BT LT A m/z 684 (M+16) FREAE 4 O1 F1 O1 AR K m/z 2 M+18 B4, %45
UL, 5 Fe (D) AN, Mn (1) A58 A AL A& K fRAEAL . m/z 684 1T 4858 0 WAL &9, A fk
DA C3 PiEE S JEFFI7SJ0ER S1. B SCHRIRGE CEPs AN FNAUE (C =C ) FIBRBEE AR5 5 %
4B EAFI A L AR BREL ) B kR LT M0, Mn (1) HUSEAL RN (@°=1.51 V) BT
FRFRER (0°=1.49 V) J MnO,(@°=1.23 V) ") UL AT IHERT B4 m/z 684 [F#fET=910 CFZ A k=4
SERTHIBEIY R B, &R B T T A8 o1 R 00 £ 0k e B Y K R LA B G- Tk i IR O IR A R B AR
m/z 525 (02) Al g2 m/z 684 74 C-7 5 I R ST 54 3 7S JC IR AN FUBURRE S A0 T By — T S 4k
B 8O, C-3 (T HURIE S T oK Mg 2 22 T8 B 2 35 | RIS CFZ 7S TR BRI T (S1) M2 5 B AL AR
BRES, FHHAHENT m/z 431 (03) BE2E AL P2 /K i 4. m/z 393 (04) &9 01 3 01" C-3 fii K
FRELAK A, C-T7 AL 2L . P21 m/z 481 (H1) AT RER i T RO ad FErb 2R i Mn (D) 45
HEAE S P 5 1 K i LA S B~ IR IAFEBR. Bl S5 G4 2 A B JBd R T i m/z 437 (H3). C-3
PEREE 11 S J5F5) oK BRIE i & A I 2 55 00 v ] 7=, 4600 m/z 530 (H2 ) J2& i i 0] 4 il %
T K FR G TR B L TC N R 3 7= 4.

6 PM/BS IRZR CFZ HFEfift B A%
Fig.6 The proposed degradation pathway of CFZ in PM/BS process

3 2518 ( Conclusion)

PM/BS (KR =4 1) Mn ( ) REAE HE CFZ BYAEAE W REAR , FE S5 TRTE (pH i 4.2 50 5.5) T HEAFIF
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Mn( ID) /519 CFZ #4k. A Mg™ 20k PM/BS (R &%+ CFZ 12255, #H HCO; F1 HA Xt CFZ (%%
AL B ENVE . R B RR R ST Mn( I S0 CFZ FAi 5 A 2B 1 sk R 3k 82.2% i T
SR Z2 BT A R Min (T ) %o 3k 76 B 22 9 A 2R W I A 4% T VR FILAH UPLC-MS/MS 354007 1)
F BRSPS M (1) AT RS CFZ (A KA, AR B K A Mn (I ) S Sk A B 28 2 i
R B ZEAE. ABFFEACA B T3 Ma (1) %3855 8- B e 2 fi A= R VA48 952 i, I nT
Ry A 2T Y R AT Y SR s
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