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WE: R T EZRERHPRESL-B SRS BT SEEARNNEFPTHAEATEER FE
ZEV.EFYEER FARFER . TEXRFTER . FEREGCARTER . FAFTER . CAEFEREAN
AFERYGYRE . BN KIS S, RBUR FHBEIR S v B B 5 - S B0 1Y £ BEBR 91 K B A1 6L
1k, {5 Waters C18 38443 B, LA Z I #1 10 mmol/L Z. B2 %% (pH 4. 5) B3 o U 3 AH #4786 B eI . SR
FRBE-FEFL BN, Mz ER. 10 EERAYWHERNEEERNNEEMER
BHRF 0.99, FkiE &R 0. 1~10. 0 pg/kg Z A, 7EMR. & 3 MREBRMAET .10 MEER
YT R E RN 72.0% ~110% , T IR HEMR 22 7E 1. 8390 ~9.33% 2 [, ZEERAUKREM M EA
BT B B AL ROCR , 0T B W] DUPE A I e AR R I H B R R YRE .

KB 2 BERRGNOK A 5 A FE B A S A 5 3% - R BT % (UPLC-MS/MS) s 4 95 B B R
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Determination of Penicillin Residues in Milk
by Multiwalled Carbon Nanotubes Cleaning and UPLC-MS/MS
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Abstract: A method was established for determining penicillin residues in milk by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) and
multiwalled carbon nanotubes cleaning. The samples were extracted by acetonitrile and
diluted by phosphate buffer solution, a step for clean-up and proconcentration of the

analytes by solid phase extraction cartridge packed with multi-walled carbon nanotubes
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(MWCNTs). The target analytes were separated by Waters C18 column with gradient
elution using acetonitrile and 10 mmol/L ammonium acetate (pH 4. 5) as mobile phases.
The analytes were detected by tandem quadrupole mass spectrometry after positive elec-
trospray ionization by multiple reaction monitoring (MRM), Internal standard method
with matrix was used to determine the results. The correlation coefficient is greater than
0. 99 for each drugs. The limits of quantitation (LOQ) are 0. 1-10. 0 pg/kg. The mean
recoveries at the three spiked levels are 72. 0%-110%. The relative standard deviations
(RSDs) are 1. 83%-9. 33%. The results indicated that using multi-walled carbon nano-
tubes as solid phase extraction adsorbent is efficient for the purification. The simplicity,
sensitivity and good precision of the method made it is well suitable for determination of
penicillin residues in milk.

Key words: multiwalled carbon nanotubes (MWCNTSs); solid phase extraction; ultra

performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) ; milk;
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HERE L ENAER BAHRIUBRY
e ST ENATERFALY . HTARE
PRAE AT SF IR 2 3 5 TR, LR A () R W
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HBEZEMEHRGFmG FERNZ—,

FERKAYREN M FEAEHREY
| TR ORIV A R - R R R k.
A D M R RO A R R R R T E,
BT B, RO A -8 B
(UPLC-MS/MS) $ AR 2 F| Fl ¥ A8 €415 i i 43
HEASRENREEE SRABELEEN
MG RSB RA o T H, DUH#
AR (68 v B R R BB T S R 5 A5 I SRR
SR 25 B BRI R AT R B 2 B RTE AR
W7, EEFR#E GB/T 21315—2007
XTEEEZNRNANATEEE SR, HFEZEU
B A 2 IR R AR TE BR 2R B T4, B F R
Ak F (2 AR 2K BN A A% B B 5 ORI B A B¢
Yo T L B ) 174 T Ak 2 45 4 S0 R 40 AR
T EZLY R REM,

ZEERYIKAE (MWCNTs) 2 —Fh BB 8%
W R PEBE B 99K AR, — B 2~50 B A& A4
B HARFEILEL 90Kk Z 0], B Rl A LT3
FFAEMK. BT HERERK, WHEE SR,
WHENAGY BB THEIERBLAYER
AR E SR8 7, T AV A 2K U B T
AR, MWCNTs K ELB0 M 1 BH I 46 0 F F 1%
B R A B2 I B 9T, 3

AE R 357 BB R S ) 358 o i e A%

A TAHEF I St /5 B9 MWCNTs [ #f 25 B
JINKE Ak 25 475 32 R, B ST B R RO TROME € - R K
g ESF NP EERLAGYRE NI
2 R AWRE E R, BFE A H #4700k 48

Wk B M AR,
1 SEBES

1.1 FENREHE

L T 80V A 8 35 9 B A R Xevo™
TQ-MS FTig A%, Bt 4 Acquity™ 8 = ROBEAH
Wt EE Waters 24 5] 7= 5, Bl A BT 5S BB
1 (ESI) & Masslynx 38 4 8 & 45 ; Milli-Q
HE LK #% : 2 E Millipore 2 8] 77 i 5 5 2 B 0>
Bl : % E Thermo 2 & 7™ fh s AR TAL: KB
e BABLEA BRA F 7 & IRIEIR A % . KRBT
HEF) IR LR A B AR i E AR O B .
X E Waters A 77
1.2 FEHRSKA

CRE(ERE L)  fBE Merck AR ;= & B
R (3540 . £ Tedia 24 R~ i BERR & — 47
i) . B 24 4 B AR50 A BR A 7 7= dh s K
o Milli-Q F %t 4hifk 7K s MWCNTs (4 B K F
97%, HA& 40~60 nm, K& 5~15 pm) : I
TR A BRA R 5.

BEYEFEREE=98.00),FERXV
(BE=98.8%0) , AFXHFHER HE=99.0%0),
KU EBRE=99.8%) , HEAXFE R (4l
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FE=85.0%), HHER G E=>99.6%), KWk
HRREUEWE=92.000),4AFERUEE=>
99.5%) , ZAEEHFHBER (M F=>86.0%) , LA
ERERME=9.00) . FHE GD, (4>
99.7%) br ¥ & . 39 % {8 B Dr. Ehrenstorfer
GmbH 277 .

PRUER W B EC A 43 I HERRFREL 10 mg B3R
FRUEs T 10 mL AR, AW EE 2, B K
1 /L& W, BEEFET 18 Coksah. o5l
WeHR 50 pL 1 g/LARERR T 10 mL A8,
FARBE A, BEH B 5 mg/L IR G HER |, A
AR B I — 2R 51 R BE (P vV VR e U

0. 05 mol/L B2 % vh ¥ W A4 Fic il R B
8.7 g BRPRRE 4 M AUK M M ZE 1 000 mL,

1.3 EW&EH

1.3.1 @i 5&H G H: Waters Acquity
BEH C18 (2.1 mm X100 mm X 1.7 pm) ;4
35 CiHEMREE 25 C AR 5 pL;
0.2 mL/min; #ish#H:pH 4. 5 A9 10 mmol/L Z,
REW W (A, ZIE B s B EHRBRE)T:. 0~
1.5 min, 20 %B,1. 5~2 min,20 % ~40 % B,2~
7.2 min,40% B, 7.2~ 7.6 min, 40% ~ 95% B,
7.6~9.5 min, 95%B, 9. 5~ 10 min, 95% ~

20%B,
1.3.2 JRi%&M HBEESFIESD,EHE

FHH 2 KR WM (MRM) 2%, £ 4145 8 JE
2.50 kV, B FHEE 150 C, REMAEE
500 C,BERSFHE 1000 L/h, HEEREKY

V8% pH 8.5, WK RIES YT & 1.
1 BEREXLGYNRESH
Table 1 The mass spectrometry conditions of penicillins
W (At %%Wﬁj/ W B F 3 Gm/ ) A R A/

min BE/V eV
1 BEEEER 1.55 366.0/114. 0% ,366.0/349.0 25 15, 12
2 HFERV 1.84 351.0/160. 0% ,351.0/114. 0 28 15, 22
3 HEEER 3. 60 350.0/106. 0% ,350. 0/192. 0 25 25, 20
4 EREBER 3.96 462.0/218.0* ,462.0/246. 0 25 22, 20
5 TERTFER 4.38 381.0/165. 0% ,381.0/222. 0 26 25, 20
6 EBZEG 4.77 335.0/160.0* ,335.0/176.0 28 25, 25
7 EMEFER 5.37 402.0/160. 0* ,402.0/243. 0 28 20, 22
8 SATER 6. 32 436.0/277. 0% ,436.0/160. 0 25 22, 18
9 LEEERR 6. 68 415.0/199. 0% ,415. 0/256. 0 25 22, 18
10 WEABFEE 8.48 492.0/182.0* ,492.0/333.0 22 18, 20
11 HFEZ G, 4.75 342.20/160. 0 25 20

e x AERETX

1.4 ZEBAMKREMNHBLE

FREL 2 g ZREGR AR R T 250 mL B
B, 4 B A 50 mL ¥R ER B H1 100 mL
W, BERE 1 h BEERE LEREK,
R K UE 2 i, BEAE BT S BT B 4 K
PRI 150 mg £ BEBR G K & M K F 6 mL &
FMHZE R ZS B v, B b A O AR R S, BT A
5 mLA .5 mL 7K1 5 mL BEER 2% v M TE 1k
1.5 mIREAE

FREL 5 g 493 F 50 mL B0 H, T AS mL
CIERHE 2 min, B, B L EH FERER R

100 mL Z5 & H, I 0. 05 mol/L B BR 28 vh i &2
7%, B R B E MWCNTs B AHZER/ME |,
10 mL K #ke, 2T /5, A 5.0 mL ZAEUEN,
AR #/NF L mL/min, BRI T 45 C
TRKRET WAL mL ZEEKBERKQ : 8,V/VIE
f# IR HEL min, 3 0. 22 pm TEFLUERE S , ff UPLC-
MS/MS 45#7.

2 ERE5iFe
2.1 ®iEEanitd
EERRMEIET RS H S AT
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. A58 8 ] Waters 24 8 9 UPLC BEH
C18(2.1 mm X100 mm X 1. 7 pm) &% #4355
HRERRRLGY, WA 10 HEFRERELY
BRI RE & G ae 2 A 8058,
TN BT B TSR T H i,
A S8 SR Y B AR D 5 ki i B A A R A
WA E WA pH 4.5, X T LA RS
B, =E B T RCR, Bt M E TR EXN
W, KRB FRERTHE L,

100

- 4

*

E

= 3

é S50
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g 3

[
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E1l1 10MEEEXBLYNEETFTRE

Fig.1 Total ion chromatogram of 10 penicillins

2.2 EIRREHEHMRN

ALBHRA K B =R
MRS TATRAHBERA - 1,V/VOILESF T
R E R IR BOCHCR . BARBERR A
T8k AR ULIE | H SRR, B0 F &
RGP UL ERE, CEEmEEER. |
TEERRAGYERE A TRESREZ . &
ZRCBRAESENRBUER . LEVIEEA
MRE S B B, DL R4, H ) T8 i
R 2 IR A 3 B

R4y 2% » 3 K SR FH AR 2 B AT
HALACER , o T AR B AR M5, B ARk
IV REREOR B L DR AR S 38 43 ) 25 5% T VR A
BOBE G A A B AR BUR S ¥tk B A O =X, 45
REWH HTRBEPEAREK REREE,
F4r B Fr A B 3 K K, TR A 0. 05 mol/L
BERRLE vh s WA B IR UM (R 2 & B B il 1
Sk, Binfb & W7E s bi: RGeS 2R & .
PRI, A S 56 6 R0 4 SO A R S b A
2.3 HULEHHRE

L BE T AR R R R M AL ORI BB
B2, T BRIERE BN SRR 35 50 Ji %
B RMm E AL R R AR R, 5§
TR A, B RERR AN KRS R B H 4 5L,
HALRCR AT . A3 FREX 30.60,150 mg £ EE
BRGKAE IR I e, B R AREARN
AR, SR ERW. Uk RS E AR,
60 mgIH 7 B M PR A2 R F 30 mg AR,
H 60 mg I & B 5% 4 W2 /M B ESR, A
SLH R FH 60 mg ZEERRAIORE I L H R &
Bk,

2.4 HEFWIE

2.4.1 ZHWEMEER ALBRHAEZA
0 5 R T 2R B VAR BEE (A VRV R LA A% AT
Yy TET AR (o) S A R, JO B R B (o) D s 2
PR B R, 10 FEBERRAYES
BRWREBEHNERGMNEELR, SLYH
MR R » 7 0.99 DL F, L 10 £515 14 1t
(S/N=10i+5 10 #HFE XK LY &K E
B, SR5F% 2.

x2 BEFEXBYNEUATEAXREMEER

Table 2 The linear equation, correlation coefficient and LOQs of penicillins

%5 wEY R/ (pe/L) KT E MRRE - & 'R
1 REYEEE 5~500 y=2381. 935x+18.750 7 0. 999 5
2 HEEV 1~200 y=2 054, 94x+214. 157 0. 995 1
3 HXEBEE 5~500 y=1216.27z+121. 713 0. 999 5
4 EREFEE 5~500 y=1 698.87x+71.497 8 0. 997 5
5 FEEHFER 1~200 y=14 788. 41x140. 189 8 0. 999 1
6 HEEG 5~500 y=1 583. 46x+187. 507 0. 991 5
7 EMEEE 5~500 y=1519. 62z—394. 728 0. 998 5
8 SEAFTEE 5~500 y=1 865. 32x—276. 044 0. 996 5
9 LEEHFER 5~500 y=1 454. 48x—276. 044 0. 999 5
10 WaAFEE 10~500 y=271. 733x+83. 694 0. 999 10
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2.4.2 PFWCRAEEE 7RSO
BRI . P 3 M ARARKEKATE (BB
EVHPAEEEEENKRE SR 1.5,
10 pg/kg, HRF /R MWW E 73518 10,50,
100 pg/ke) FITR G R UER WK, BV B8 3 1K

FATEY  # 1.5 LT R, E R R LY
Wy 1 B0 S A X AR v DR 22 51 F 38 3.

MRS ATH, EERELYHEURR
72.0%~110% KW EE R 1. 83%6~9. 33 %, ik
T 2 HE R B

R3 BFEEXGYHEWEMBNIRERE

Table 3 Recoveries and relative standard deviations of penicillins

10 pg/kg B 1 pg/ke

50 pg/kg B 5 pg/ke

100 pg/kg 5 10 pg/kg

1=} A

i : B/ % MR/ % B/ % xR/ % FIWER/ %  MEXHR AR 22/ %
1 BEYXHEEZE 785 6.73 80. 6 7. 84 77.5 8. 25
2 HERV 86.7 5. 44 89.1 4. 63 90. 3 6.24
3 HAEEEBER 77. 4 3.95 72.6 2.82 72.0 1.83
4 EREBEER 97.5 6.57 96. 6 6. 69 89.1 5.78
5 HEXEEEZE  93.5 5. 46 104 5.18 99. 8 4.35
6 EBZG 104 3.70 108 4.17 97.7 3. 87
7 EWEER 102 5.67 101 6. 36 110 5.53
8 BEEBE 93. 2 7.34 97.5 6.95 92.1 6. 89
9 ZEEHFER 822 6.91 88.4 7.14 87.8 7.56
10 PAHFEZE 87.5 7.23 87.9 9.33 89.5 8. 27

2.5 BERRAEFEER

RN AR TR INEERR AR ER
BEBR VHPEEEERNKE NS pe/ke,
HRFHERWREN 50 pg/ke) 53347 3 WOF
7y, & B E K bnifE GB/ T 21315—2007 HEyJ7
AT T AL 3, 10 PP E B R 2R AP K BICE
61. 4% ~84. 1% JEH R 2. 48%~12. 4%,

B bR TSR I R AL B 7 VR R B OK T
WIRBL T 28 R ER R B O  (HFEE &
FEHE, M EFRERRENE ARt R
5 WK R A, 3 AR ol s B AR S R R, T
2 S 56 1 I A L R AR R A v R B, O R A
WML AT E &, LA R B . A B R
PRk Fl HLB [ AH 28 BN A X B i 47 1
AL, Bets B 5t R AR . TR, SR R Bt SR
I 25 BE B AN KA HEAT 1A, AS LT Ak L i B2, i
HMMAEARER 72— & T2 bR T R B As .

3 #ig
AL ST T M £ BE Bk 91K B AH AR B
BARGUFTHHFERERLAYN ST

2 R K 2 BEk 9 KA MR R TR R 1k, Ab 3
J& WIRE L B T, TEVE TR P A B A B Ak R
B, BTRMER R R 72.0% ~110%, H
bR 22 1. 83% ~9.33% . 5 E K x#E
GB/T 21315—2007 #8 kb, 1% 7 ik B A Ai 4b #2
A7 B HRAE BUAR L [ e e o R e MR AP SRR A
& A B E R AR 43 AT
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