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Determination of Penicillin Residues in Water by Ultra High Performance

Liquid Chromatography — High Resolution Mass Spectrometry
HUANG Si-jing', WANG Yi-jie’, ZHU Bin', WANG Jian-guo’

(1. Analytical and Testing Center of South China University of Technology, Guangzhou 510640,
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Abstract; High performance liquid chromatography — high resolution mass spectrometry ( UPLC —
HRMS) was used to determine 7 penicillin residues in water simultaneously. The water samples were
enriched and purified by Oasis HLB solid phase extraction column and separated by reverse C18
chromatographic column. Then, gradient elution was implemented with 0.1% formic acid aqueous
solution and acetonitrile solution as mobile phase. Finally, electrospray ion source positive ion mode was
used for detection of penicillin. The correlation coefficient r of 7 penicillin compounds was greater than
0.99 and the detection limit was 1 — 10 ng/L in the linear range of 1.0 —20. 0 pg/L. Actual water
sample with standard recovery rate was in the range of 91. 15% —106.36% , and the relative standard
deviations (RSDs) were 2.30% -8.47% , all less than 10% . The method was simple, fast and highly
accurate, and could realize the determination of 7 target penicillin residues in water.

Key words; penicillin; solid-phase extraction; ultra high performance liquid chromatography —
high resolution mass spectrometry ( UPLC — HRMS)
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Agilent 1290/Bruker maXis impact 3 /= %% & 4
3% — R BRI IR A, T 6 25 S U (1
Bruker /2] ) ; BS 110S Hi 7 K (1% [F Sartorius 2%
H]) ;Milli — Q Gradien #4li7Kk &5t ( 32 [ Millipore 2y
Al o EAHZEIAR (R E B2 A ) 5 [ AH A 0N
( S5 [E Waters /A #] , Oasis HLB /M ,6 mLL/500 mg) ;

N - EVAP 111 WAL ( 3£ [ Orgnomation A H)) , 4
Y R AR o3 A i (I 24 4 AR A R A R
A O FEH I RR (3£ [E Dikma 2 7)) 5 (3% H
iz LI (FEF Merck 7)) o 528G FH/K N Milli Q
aliZk (Hg S418.2 MQ + em) ,

7 R R R AR UE & BT B PG AR ( Amoxicillin,
C,H,uN,0,S) & FPE M ( Ampicillin, C (H,,N,0,S) |
FHE % V(Penicillin V,C,HN,0,S), 4 fF =96%
(A REBHHCARA ) ; 5% &R G (Penicillin G,
CsHN,0,S) G Mk P Ak ( Cloxacillin, C,gH s CIN,0,S) |
22 K 75 AR (Nafeillin, C,,H,N,0sS) . W & 78 Ak
(Dicloxacillin,C,gH,;N,0,SCl, ) , 4li[F =98% ( Hp [H i}
HRFERETERE) o
1.2 FRAERRECH

BCH N 1.0 o/ L A ARIB AT, T Fh R R
PR n 25 FRI10. 0 mg (K52 0. 000 1 g) 535 B T
10 mL ZE R, A F B 5T, 750 F i 2 2 10
mL, =20 C T RAF, (PR = %0, R Il

I HERRI IR 25 L BAARAE AT 25 mL AR
JA, B B 1.0 me/L TR S FnHERE & T,
R A o 22 P i T 2. PC MR 1..0.2.0,
5.0.10.0.15.0.20. 0 pg/L M4RifE RINE R, T 4
CORFNIRA
1.3 HEmATAE

UL LKKE, 220.45 wm BEESLFAERE L0,
A 1.0 g [0 R —BA e 4R A, PR AT B A
I, K Oasis HLB /IVFE BT AR AU E, 43 IR
WIS mL F RS AL /A 51 10 mL B 467K 16 /)
HE AR5 LA 4 mL/min (R BB KRR . KAELHTE
SR IFBE 3 UK, A I BB LA TRIAE e R il 5 155 e
BRESEAE , B 5 mL 4l K e A B s B e
F1 6 mL HIEEXE/ L HEAT BRIBE , WA VRO, K 2
T, AR EERERZE 1.0 mL, ff UPLC - HRMS
O3MT o RIS 55
1.4 ShEHt

WOAH 2% 82 6 Agilent Sz [a] CI8 @ 3% 41
(ZORBAX RRHD SB - C18,2. 1 mm x50 mm x 1. 8
pm) G SIAH A G2 0. 1% WYKL, T sh A1 B
Je O E 0. 2 mL/min; KRl 25 °C, B i 2R A
20 plo BREEUEZRATILER 1,

JEE 25« 2R P R 55 2 1 (ST 1E B 748
2 R Ry BT L SO ~ 600 m/z; Mg 25 W J&
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Tab.1 Gradient elution conditions of liquid chromatography
A} 8]/ min A/ % B/ %
0.00 90 10
1.00 90 10
2.00 60 40
5.00 60 40
6.00 40 60
6.10 90 10
8.00 90 10
2 BRIk
2.1 RIRMET RRYERE

I 55 R IS R, 75 R S TS 2
HITAL DA B sl R I (2 i, ' 4 B AR L & 9 LA
PEm AT A HERA M . 7 R A A ALy
FEAIHEW — WA I [ AR A ORI AR AR TR AR
H T [ AH 2R R AR BE B 48 AR L AR E &9,
PRI, BT ARk F E AR AR IR

5 PG IR B B ARG YA T e A
TR H Y, 5255 R A Oasis HLB [& AH 2 B/ X
A THTAR B o 2%/ NE AT 25 7K G T ST 1 R
WE AT AR G-t s 45 B AR, SURT LA 82 bR A=, Fl
T = R A R R AR E
2.2 wmiEEGMmK

SRR AR ) C18 (854, 1 3% FH ik & WG 1
KT TR o 5 R B KA I B I LR
AIRERBIBURAEA . R, B TR SAH - 7K -
0. 1% HERK - MK - HEEFN0. 1% H R
K - R EEVEL SR 7 R B R I B RUR
T H R SO T R, N T E R R
Y B AR, AR 0. 1% K -
VSIRAE T shAe s T R AE, H BAs b &4y
BIRUR BT
2.3 RiG&GMRH

KB B GEBE N 5 pl/min) |, Xk B2
h 200 pg/L (1 R R PRUER G T RS 24, 15
FNFFI B AR A b, IR AR 25 B 28k, s
Z5 ML AT B LB VR IR A, 19 31 ESTIERL
T E AR B, e A E R RE R 5.0 eV, B
TFAEHIF[A] 4 50. 0 ws, B AMIZS K 128 0. 15 MPa,
TR EE R 180 °C, TR H K 6. 0 mL/min,

ME% LR 3 500 Vo ZERRM T Fh R R LI
BT B R RS T TIELM +
H]",

BgSHib G, R A 0. 1% R K - ZHE1E
DR LS T B e DG, A5 it e B A 8030 R £ 52
ANt 8.00 min, [RIAG 7 R A R IR AR ERS
VAN ST B R A AR L s L AR T Rl
TR AN AP R LK 2. 2 ol B AR
BT AR E T IEX A M+ H]T 5 2
366.111 9, 350. 117 8. 335.106 0, 351. 101 O,
436.073 1.415.132 5 470.033 8,7 Fibpifidy i SLbr
A 2 A AR P TR B 70 TR ) i 22
/T 0.000 2% , 582 VTHC
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Fig. 1 Mass spectrometry total ion flow diagram of 7 kinds
of mixed penicillin standard substance
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Fig.2 Extracted ion spectrogram of 7 kinds of mixed

penicillins standard substance
2.4 TEHZFMEHR
YBOAN [ 9 2 1 77 8 R M 2R 91 T o R A T

114 -



www. cnww1985. com

H B, F RBZRAMEE - R EN AR HEE LR

%37 % %2

2 AR SC A 2k, 753 2N ZE [ J7 R AR OC R 40
i BREL 3 A%(5 MR LL (S/N) T3 2 IR LA 10 A5
WEEE (S/N) T, T Bl a2 1At BR (LOD ) (%
FROLOQ) MBI R B 2,

®2 THEBRUSYHINEER

Tab.2  Test results of 7 kinds of penicillins

il T et il I
Amoxicillin 2 s P 19653' ‘1360" ~10.998 7
Ampicillin | 5 15 f; 421(5)(6): g‘z"‘ 0.999 7
Penicillin G| 1 3 f :f;;: iix "10.999 7
Penicillin V| 3 o |r :38552'.82(1’“ " 10.995 2
Cloxacillin 5 15 2%‘1: g" "10.997 2

Nafeillin 8 5 =238: 5(7)" "10.999 1
Dicloxacillin| 10 30 P° ;;31: g;" 710.995 0

2.5 [EEINFEEE
FEARRER A BN 5 10 #1120 ng/L (975 % %
PRUET TR, T REATIRAE o AT A P53 AT B vEE 8 o
SEHy o ARPRAFEEATINGE 8 WKL, A5 RN 3 iR
®3 THESRNTHMREKERBENIREREZ(1=8)
Tab.3  Average recoveries and relative standard deviation of

7 kinds of penicillins(n =8)

Ak M E
% A 1‘/T{Ef§li{ U‘an{él‘j /% |RSD/%
(ng-L7)| (ng-L7")
5 4.89 £0.29| 97.82 £5.78| 5.91
Amoxicillin
20 [18.86 +1.60| 94.32 +7.99| 8.47
5 5.22 £0.17|104.48 +3.31| 3.17
Ampicillin
20 |18.41 £0.86| 92.07 £4.30| 4.67
5 4.56 £0.14|91.15 £2.82| 3.10
Penicillin G
20 |19.41 £0.82| 97.06 £4.10| 4.23
5 5.32£0.16[106.36 +3.22| 3.03
Penicillin V
20  |19.01 £0.65| 95.07 £3.26| 3.42
. 5 4.85+0.18/97.09 £3.59| 3.69
Cloxacillin
20 [18.77 +£0.86| 93.83 +4.32| 4.60
10 9.53£0.22/95.31 +2.19| 2.30
Nafcillin
20 [19.31 £1.21| 96.53 +6.06| 6.28
. . 10 9.37 £0.56| 93.65 +5.55| 5.93
Dicloxacillin|
20 [20.79 £1.13/103.93 £5.67| 5.46

APUL, 7 B0 R B AL G R B AR FDCR Dy
91.15% ~106.36% ,RSD Hy 2.30% ~8.47% ,¥5/)\
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