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Optimization of six B-lactam antibiotics determination in source water by UHPLC-MS/MS SUN
Wen-fang, LIU Xiang-ping, YUAN Jin-hua (Nanjing Center for Disease Control and Prevention,
Nanjing, Jiangsu 210003, China)

Abstract:

[Background] At present, no generally accepted standard methods are available for detection
of B-lactam antibiotics in water, while conventional methods are polluting, harmful, and time-
consuming. Rapid and effective detection methods are therefore warranted in handling public
health emergencies.

[Objective] This study aims to establish a rapid method for detecting six B-lactam antibiotic
residues in source water by ultra high performance liquid chromatography coupled with tandem
mass spectrometry (UHPLC-MS/MS), including amoxicillin, ceftazidime, cefaclor, cephradine,
phenoxymethylpenicillin potassium, and cloxacillin.

[Methods] Matrix effects were evaluated with relative response value. The best storage
conditions were determined by comparing the stability of B-lactam drugs in source water at
different temperatures combined with different storage time. Water samples were filtered
through a 0.22 um rated microporous membrane using large volume injection, and then
separated on Kinetex 2.6 um Ci3 column with gradient elution using mobile phase of 0.1%
formic acid and 0.1% acetonitrile. Electrospray ionization in positive mode and multiple reaction
monitoring mode were used for detection.

[Results] Matrix effect interference was compensated by matrix curve. The water samples were
stored at 4°C and analyzed within 24 h to avoid degradation of target chemicals. The six B-lactam
antibiotics showed good linear relationships in designed ranges. The limits of detection (S/N=3) were 4-7
ng/L, the limits of quantification (S/N=10) were 10-20 ng/L, the adding standard recoveries were 84.8%-
99.6%, and the relative standard deviations were all less than 15.6% or equal to (n=6).

[Conclusion] The method is featured with simplified pre-treatment process and meets the
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requirement of simultaneously detecting six B-lactam antibiotic residues in source water in case of emergency events.
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mass spectrometry; source water
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11X+, BM 1929 FFleming R A M BEE=FHH
FIRKE, EBBRMINERWHESMAGERY, &
BB RK BRI, WERHL. KIINEO
R HIAERY, KEPRENNEESS EARET
LML, MR AR,

Bal, BAMH LRI &P E XS TR 1%
Bom&AF mPInERZRZHITIRN, GB 5749—
2006 (TR IRAKBAEIRA) B RE R MEH B AR
2, KEP B- NE X E R AR A —HR &R
M7 % XEkiRE, B- ARtAR LA ZRRNTARE
EEREEIEE RIEEIE- RBEEFRIE L. B
BERE £ O &, T KEFREZRREZ IR
&, IR A EZRARREREHTEE, B
ELERERRENENET, SHE, BFK, B
FERTIR R o I REMAHETEEMS, FEERERX,
BametEldER &8, FERNGERREY. B
R H, KIE. Herndndez F & ° R EIEH AT R
KR EKFEB-NEREE I E R HTEREBQM, B
RESEELMATE (—RkKMB) . KBRE (TR
). ki (=kLH) 5FEEENRETEYS6
Ep-ABEEENER,

KIRRRAARGEREFESR, B TEBERRE
B - BB B A AR MIKIRK R ik 6 3 - RBLAZE
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1 MEERZE
1.1 XB5RF
ABSCIEX QTRAP 4500 = BUR BB - B Bx B 1Y
(ABSCIEX AT, £[E), LC30ABSMRIBEIE RS
(57, BA), Milli-QB4/KEE (Millipore, EEH) o
P R P MAT G (L0 85.8%) , SKIMIDEAR & M
(4HFZ 85.7%) , kBT RIS (LEFE 94.4%) , SK7BHI
EATESR (AE 88.3%) (MEAREMHIRIQEF,

FE), BERVIEIRER (AE 99.0%) , RUILTEMAT
BT (45E 99.0%) (Dr.Ehrenstorfer, {2F), Z B R
B2 (BB, Merck, EEH), FERMPEKREL (Big4,
Sigma, EE) , HMIAFII RN 4L,

1.2 B NESEMH

1.2.1 EiE s BIEM : Phenomenex Kinetex XB-
Cis (2.1 mmx100mm, 2.6 pm) ; 38 35°C ; &
0.3mL/min ; FH#FE 50 uL, FTAARYRTIEA /9 0.1% IR
AR BRE0.1% BRI ZBEA K. BE /9 0~1.0 min,
5% B ; 1.0~7.0 min, 5%~100% B ; 7.0~10.0 min, 100%
B ; 10.0~10.2min, 100%~5% B ; 10.2~12.0min, 5% Bo
122 [FEFEM BEEBEETR (ESI) ; ZREEN
(MRM) FEE T ; lEiES Medium ; A5 103kPa ;
E 1R 345kPa ; IO 379kPa ; EAFBE 550°C ;
B FIREB[E 5000V,

1.3 R®A=E

131 TRERVIFVECE] D RURSHAFREN IR M. ki
e, k7EsEIE. KIBHIE. BERVH. SMAME
B2, MR EAMEREIN, EMingEmRgE50% 2
BACBRRABAEAE 10mL™, EEHIAL 1000 pg/mL
FIBITEE IR, T -20°CBE 1R 1F. ERBTAS0% 2
BARKTEERFREREERERENESINE
TR,

1.3.2 FE@AANET A SRERKERERRERHT
4 CEESARTE, 24h RIHEIT O DITEIGRENAEEER
SEFRE 15min, BN EBREREZT 0.22um MFLISHR,
HIERIR N TEZ G EZENE, BUE I 6 7 p-
ABRINE RS 2R TR R RKKIEERT
Bi&, SR ERMERZNIBEERITHERR, 1
NEENREMEARGR[EIERTERNTEAR,

2 2
2.1 FRigHRMHHIERF

RAFREZHEES, BH 0% ZEARER
[ERREREF 200 ng/L B 6 7 B- RELRRR LMD 5%
ANBFIR, DAEESr M B FIR (eS1) WX T
QL BB FEHM, #ITRIES M. £ERKMA, 6
ML a7 S iR FREERENMELN(E, Bid 3T
BUEYN D FBEFHITFBFM, EEERNAERT
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RENBEFN, EMRMIE NI HE AR BEM
EBE, ERAENEEF. FBEF. SKRBEM
BB, &F, MAILFEWGRREES 2FTIEED 7
WNBFHEE ZAFRE. SBEAEN MESE
1\ WEIMASED#HITT K, FEIRERERM.
6 M EITIRIBIES IR Lo

x1 67 B- NEEREAMMIRIESHK

RE . EE Ol Ep HESEV
wawsn  wiE 22 BY  BY @5 pg am

(min) Bttt Bafakt v mx =7
[BESTiEE 5.80 366.1 113.8 208.0 62 27 17
KAz 6.03 547.1  468.1 396.1 60 19 25
KEFE 6.16 368.1 174.1 106.0 70 19 41
SLIBHIE 6.23 350.1 176.0 158.0 55 17 14
BERVH 8.26 351.1 160.1 192.2 67 17 15
S FERK 8.65 436.1 160.1 277.0 55 17 20

2.2 BIERHHNER

PACis B35 4 (2.1 mmx100mm, 2.6 um) YE N 9
ik, D RERRENIE0.1% RERKAR- 28, 0.1%
FRER KB R -0.1% R R 2 B5, Smmol/L B ER $27K /A
®-0.1% BFRZAF, 0.1% R KA K -0.1% R EA 2
BT, RELERIRNEARN0.1% BERKA
i, TRENAE B 9 0.1% FRER Z BB,

BB L3R 7 A B #E £ 4AFR (5. 104 204 30. 40,
50uL) Xt Bir¥a R R ER RN, 45 RRBABEITY
0 7 &5 e & o A (R AR B IE AN 38 58, FHItb R T3R5
RENIHE, REEFNBRAHFFEETRS0uL,
100ng/LBREMMERRNEBEFRERNE 1,

20000
SLIHIE
15000 ~
>3 SUTER
g SRS —
~ 10000 sB=
%D( VR T
" 000 KT
AT EZPEAA
O ‘ ‘ : N Y ‘ " ‘uu PR T l‘
0 2 4 6 8 10 12
BfiE) (min)
1 67 B- WEERRAYIESESRR (100ng/L) B9
BBEFRE

2.3 ARRBEMN

BB A ERTEBERMTARREERREDN
REFHGT, WARREEHITNE, ERINVE 2, &
RIREA, 100 ng/L B B- NERRZ I A EATEARTE 25°C
ZHTHRE 10h, KIBMEALER BN E S 5!

FRIKT 36% M 50% ; MACERMETHE 245, 6 Fp-
RE LRI EZMNMNES oh g EAELL, th{E
1£85% LA o

[y
o
(%)

(o]
w

(o2}
w

sy
(%)

N
(%)

LR E S0 hImEERIELE (%)

MR k@ kil kA
m fitlE =& ke vl B

BEE &M

m4°C10h m 4°C24h m 4°C 48h
m25°C10h m®m25°C24h m 25°C48h

B2 EEminaReiRES (100ng/L)

2.4 BN

BNt meh B = AR RRIEAER, 725! EH
FRERE 100 ng/L BYNIARE fRo T B EYITELAF
FRIBNE (A) 5= AEBAINERREREYIRAY
MR{E (B) RILL{E, BIE RN (E, ERIE 2

&2 100ng/L B- NELRERAYTE R RE R PR BMMN

IR (E

£ — = s ERRE ()
FIEEFM 7.28x10° 8.43x10° 116
Skl 3.52x10° 5.17x10° 147
KIFE 1.20x10* 1.19x10°* 99
SKIBRLE 2.15x10* 2.31x10* 107
BFERVH 3.09x10* 3.47x10* 112
ST 2.54x10° 2.79x10* 110
2.5 T{EHh&ERLEMRQWHIR

o G B AT, B B R R (R 1.3.2° Ff

R EE) EAE RS BRERE N 20, 50, 100
150. 200 ng/L Y EFahzk, RAIMTEE R, 25U
ZRFNYMIEER () MTHHRZRE (1) #HITE
MEYT, BEILEFEMEXRE. BIRTEER
RN EYRER G AN HR (SEEE S/N=3)
FEEMR (S/N=10) , ERIEK 3,

®"3 67 B- NEARREAGYIM M SHACHIR, 2R
SLIEEE WHR  EER

way (ng/L) El)3riE LEES Y54 (ng/)  (ng/L)
[Ty 20~200 §=77.85x+260.2  0.9992 7 20
LIt 20~200 y=57.57x-217.7  0.9985 7 20
LR 20~200 y=112.2x+205.6  0.9994 7 20
SKIBRIE 10~200 y=230.9x+461.6  0.9993 4 10
FBRVH 10~200 y=312.7x+#502.2  0.9998 4 10
ST 10~200 y=226.0x+210.8  0.9989 4 10
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2.6 FHiEMEIWEIEERE

T B @HFTINARE YOI, 5250 1F 20,
100. 200 ng/L 3 ™ INAR 7K 33 17 10 4w [B] U 3R A ¥ 28
Eidie, FITNE 6 R, LERKRIA, HiENBWETRE
84.8%~99.6% (8], HEXI IR /ERETE 4.3%~15.6% Z 8],
Z SR IIREIEFIE R E IR 4.

x4 FENEIRERNERE (n=6)

K& IARE (ng/L) TMME (ng/L)  EUER (%) HEXIRAERE (%)

[ 20 18.69 93.5 15.6
100 94.41 94.4 4.7
200 184.60 923 6.7
LIt 20 17.62 88.1 13.8
100 97.05 97.1 9.4
200 192.00 96.0 6.0
kBT 20 17.28 86.4 13.7
100 93.81 93.8 14.9
200 169.50 84.8 5.4
SKIHIE 20 17.58 87.9 6.8
100 95.17 95.2 43
200 187.40 93.7 4.6
EERVH 20 18.10 90.5 7.2
100 95.69 95.7 5.3
200 199.00 99.5 43
ST 20 17.90 89.5 5.4
100 94.25 94.2 5.5
200 199.30 99.6 4.6

2.7 FFrHEmieiNEs

KARMFREILN DG EN AR PRE
B89 9 &R AZK AR AF AT, LSRRI HX
6t B- NERRZEINE R

3 i

ERohHETHIEE, ZIEER 0.1% RERKARK -2
B5, 0.1% FRER 7K AR -0.1% B ER Z BB &R BEfE 6 T B 4R
MBERENNDBEREENRHE, FERsERAEF
IR RN LR Bt S MERIE ENE 7
WE, BEERBERBIAELL RN, BRI
B RS BB IIEENIEE, 1ENn S
E. It &RZEABMEhEA /9 0.1% RERAGAR,
SHFEB N 0.1% BRER ZBE.

AN ERBARNREEHITERN LM, 6 p-
AR INEREREEIENE SRR AREAt=
AT EKERRIN—EENRER, REFEIEATIE
ME3d AR, BEEFEERHIFEAFEERMNEREST
BHEIEBEFRITSR, FYSE T GB/T 5750.2—
2006 (4B IR ERIO S 7% FKEERIRESHREN,

KZEHBHNYRER B 4~24 ho TERIEDITER
AT EEMMRIEN R ENWNEZET, REXRBAWN
FENFRERERERT 4°CIRTE, 24h RFHITO

EEENS I EF, AR LU E MY R
NEE, BEREEEmAEENYMENIER, XK
R AR A E R, BERMN A UBYEYELSS
FIP MmN ES = B ERAINERMRER &Y R
IR BRI ELE SR IE(E O], BERMAE >100%, A
AERX DY mE =188 EAR, &ERML
18 <100%; MIAJ9EBIXT 3 M4 89 0e iz 7= 4= 0, 3¢
ik [14] & X EFRMNETE 85%~115% Z [BlIA N E R
MMNAEE, AFLBMIENERMNESTF 115%.
AT BRERMNEE-ENFEM, FALRBAS
6 Fh B- NBLAZ I E RV = B /K IF ECHI B B 2%,

KRAREKBRUHEREREFLI, BIL T KER
HiEHENBERREEE - BREERIEENEKF 6
- ABLRREME RN DA E. S5EHKAEMEL,
AIEZFFEFEDTLIREIRIGLILER, THITER
HEEEIIE, RBESBERML, ST 8FE—
K CRIBHIE) . KB CGhEg) . =km8
CkItng) SEESENETEYE 6 T p- ABARE
MEZRAY RGBS RREEIE - FISERENE
BRI, FFBE B K IR 6 Fh B- NELAR LY
REN B AN 2HME R,

EXRRRAR, SERRESHNRMNESHHITT
W5, FRIEME AT . 1B REFRF IR T —
B RAEZFERESBEEZERURET RN HE
MK, B FAgEEERRREFUYNEMF R
NAZR, BESWARTit. MREARELRHAR
IR, REBFHE = SNRITRIERS E MR
F, 4A7KIRKH 6 Fh B- NBEAR KGR BRI RERN 2
K MR 2 5B A RV ARPE,

SE R
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