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B E: BM &M e SO 6% - 8 BT E I (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)[F ik /K HAR AT 8 2 . Bk B MZS R Z R A k. Bk FRb
2t 0.45 um K R IERET U85 F i SRRVATROUA Y pH = 2.5, INABEAH 2 B0 2R —4H, >R FH HLB [E A AL
LSS, A S BOR - BRI 5, SMPRikE it . S8R X7 IEAE 0.5~20.0 ng/mL 3 Lt ¢
RGP, HXRBEIKTF 0.999; Jrikikiii R 0.3~2.0 ng/L, E =K 0.6~6.0 ng/L; -3 [l 35 Ky
75.5%~107.9%, FHXIFRIENR 22 (relative standard deviations, RSDs)} 2.4%~5.8%, &1 AR EEE/ER A 05
HORRGF . RBPE R, & TR R . BoRE R ZRW R BRI E

KRI: YA AR, BoRE R, FRWR, SRR G-I BTis s

Simultaneous determination of lincomycin, tilmicosin and tylosin residues in
drinking water by ultra performance liquid chromatography-
tandem mass spectrometry

NIU Rong'?  QIN Li-Bo'* ZHANG Meng-Li"? MA Ying-Jie'?, ZHOU Lan-Lan’ HONG Meng-Jia'*

(1. Agricultural Food Testing Center, Henan Hongxin Testing Technology Co., Ltd., Nanyang 473000, China,
2. The Quality Control Department, Muyuan Foods Co., Ltd., Nanyang 473000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of lincomycin, tilmicosin and
tylosin residues in drinking water by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were filtered by 0.45 um water system filter membrane, adjusted the pH to
2.5 with perchloric acid solution, added ethylenediamine tetraacetic acid disodium, purified by HLB solid phase
extraction, determined by UPLC-MS/MS and quantified by external standard method. Results This method had
good linearity in the range of 0.5-20.0 ng/mL, all correlation coefficients were greater than 0.999; the limits of
detection were in the range of 0.3-2.0 ng/L, and the limits of quantification were in the range of 0.6-6.0 ng/L; the
average recoveries were ranged from 75.5% to 107.9% with the relative standard deviations (RSDs) of 2.4%-5.8%.
Conclusion This method is simple to operate and has good separation and high sensitivity, and it is suitable for the
simultaneous determination of lincomycin, tilmicosin and tylosin residues in drinking water.
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PUAE R AE A W ECE = S S R e B S AR R
HpE AR A LA AR 0 AT R R il A — 2R AR
W, W OILIPTA ] A R . DURR RIS . RIARN
FJE . MRAT R 4502 Horp R IR RSP E R 8 T
PiER, FEMABEREE, BEEE, PABRSE, K
Py 2 PO PR TR . S VA A B R R —
O AT B U R R T AU R, W LA A
AR R S A R, R AL 3 S B A AR H AR
FURMA I, AR IR RPUR T, B
RIS KR B2 R S5 B A7 LA R 25 52,
AEHTEBLHRIARRL, REX P28 h0 A R R T B va v i ik
PEAL A, FESh PR N oA A 33k L X 200 BB o 1) 2 358
JIH, W HAT AR 22 LR 1 2 B AR R AE D).

B2 2.0 (A TP Z e, Hrh 2y 46%H
FoK = FRIERER &AL AU, Pk T IBIBT AT TR,
WA B T3 s A e RE Y, B PR ER ™
SN a4, T ELSE IR AR S IREENA, 2020 48 7 A, KR
LA IR A A: R, SRS AR N2y 7 s s BH
A R MM EZE A, S — B K& diE
R A, BRRUA R IEAOKT R E BUTIL S,
Wit 75 2h W) 25 K PR HE IR A RIS EE Hp, B 2 A T A e
etk AR A58, JE T B 2K R R K, 7 ARk
FEE YA KA aR U ket U T AR I 3 S AT 4
FOKP PR R T TR, JERH 3 R 15 bR R,
H AP A 2 A HE I MR B A 107.5 ng/L . YANG %1
W, ERRPOKAEE P 2/ B 57 Mtk £,
Hop U R A R R R, R 17 ng/L. Z7E %)
XoF I VBT VL F i XK PR P OR AR KRR A T A, 3
Kt 10RO [ 2SR A 28, v FRUER 28 00 i ViR 3 fe e,
M 36.85 ng/Lo KIEEH AR 28U g vk 8 b A HH R %5 |
EERA T EM

H AT btk 2 5k m I 3 24 pofE sh i IR
JrTE, MEE LA RJFNE, e 405, RS, A X
AR AR B P AE R AR R A A SR /b, ELRS I T H 32 88
S PAER IS | DUBRZRS | BB TR PO KIR PR
J BRI B 20 HAT BRI . A B e, AR
FREE M N BA AT AR A, FERMw R, 48—
RN s, #ab sk AOK RS, 1 ALK K R
YA R MR, AR P IR i T R B K IR N
B R W TEARABT AR

H AIE XA RT Tk e 24 B R BR P9 R 2 e A R gk B R
FEEERMAEYY . RO S80S B
TR0 AR 0 T - FR I T R 4, L PR R RO L - e IR
R HAT R SR v S A, A

PUAE RGBT IN o T2 BT o DRI AR 5 A S oo A5 AT
G- FR IR TR I S R R AR T B 3R | K B R AR AR
B 2R 5% B Ay i, DA AR R K v B A 3Rk B A DN 4
ARSI AR -

1 MR5ERZE

1.1 w5

TR T (L 98.70%, JbGUIZMBITE A\ w]); &
K L (Al 80.70%) A1 R 4% Ak I 2 (21 92.10%)(F5 [
Dr. Ehrenstorfer 2 F]); HEE ., ZME(Eikal, 56 E KA R
Ay, BRR(EIEL, LighThi T AR, SERR . 2 i
RN BRI, RKHBME R Fl); HLB [ AHAE
FE . Crg BEIFHZEBUE | SCX EIAHZEEAT | Silica [EAHAEBUH:
(500 mg, 6 mL, b iFZIEIERH Beln A RA R,
1.2 UFE5E%

1290-G6470 1 153 50 A €0 1% - F3 106 0T 135 (L (3 [l 22
&2y F]); PHSI-3F pH HH( i B #EAFD); 24 3 BAHAETUE
2% W (| R 5 A Wl ); HU20500B 8 A 3k 35 vk i (R i
A A 2 TR A H]); GM-0.5B B fiF B2 8 (R T
¥ S 45 A BN WD), Kwinbon 6800 AEAS YA (AL 5T )
FLE W AR A BR N ); MS105DU  HE, K5 (i - Mg 45 8 -
iR IEA/N)
1.3 XWTE
1.3.1 AHsara

(HFE

B—EmAKeE, REBEEER, ARKESEL
0.45 pm /K RUEMELLUE, HEFH=H 250 mL & T 500 mL 4
T, F 0.1 mol/L =y &RV W R ATAF & pH 2 2.5, A
0.5 g L MePU 2/ —4h, B TP I Ve RS T 7T 4
AR, frg.

(2)41k

HLB [EMAEBAEK K 5 mL FEEF 5 mL B2k i%
ik, ¥ 1.3.1 P REGEAE S AE T AR R N2k AE, Rekf bl 4
R, S mL 5% B IR VR DT, 3R TR,
HLB HHEZ T, M 5 mL FESEBA Y, vt
VT 10 mL BERSIE T, PEMEE T 45 CKIBAEARR
T, H 01%HFERK-LIEEARZE 0.5 mL, #7575 1 min,
i 0.22 um AHLIEMELLIE, FEME.
1.3.2 AR R ELH

FRUERE R IR MERRARIBGE & L3R 3 Fhbsiedn, HH
Fist 3 EC i B 100 pg/mL AR IERE &, TRAFT-18 °C,

TRAARE AR BGE B Z RN ERE &0, FAH
BERC I AL 100 ng/mL ¥R GHRUE AR, I HRTELR .

FRUETSI: R TAEA B 0.1% B IR K - 215 B il
A 0.5, 1.0, 2.0, 5.0, 10.0. 20.0 ng/mL FR 4k B HR1ERE
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W, FEIE
133 BELH

(BG4

{6335 ZORBAX Eclipse Plus Cg (50 mmx2.1 mm,
1.8 pm); AR 28 °C; JishtH A: ZJ; WshtH B: 0.1%H
FRK, BEEVEM RN AL 1), FiE1T 3 min; FiHE:
0.3 mL/min; #HfHE: 2.0 pLo

®1 BERREMG

Table 1 Conditions of gradient elution

fsf 7] /min WBIAE A/%
0.0~2.0 10~30
2.0~2.5 30~70
2.5~5.0 70~90
5.0~8.0 90~10

Q)G

B IR HLNEZE B T (electron spray ionization, ESI);
HHE A BT AR 2 58RI (multiple
reaction monitoring, MRM); &1, F&F . BERH KK
filf e ISR 2.

®2 MAUBEHE BXELZE RFEEZRNRESH

Table 2 Mass spectrum parameters of lincomycin, tilmicosin

and tylosin

YRk BET TET R m2hb)E e
(m/z) (m/z) /min /V /V
126.3° 85 110 30

MATEE 4073
359.3 85 110 15
174.2° 85 125 52

PR ER  869.6
132.1 85 125 57
» 174.3" 85 165 45

FIRWE 9169
144.8 85 165 50

T E R T

2 HER5SH

2.1 FEIRCIBZMHML
2.1.1 LA ReRE

HOIAE S 0 AR R AT 4R = B AR AR R AE, 3
AR A IO I 25 2 [ 1Y, ARG K& B A A
HURESE 2R, B4 BRI - RER — i, 3 BR
fiK, EIMEZE. RH%ESE 250, 500, 1000 mL A5 AL 54
J31)3ek AR AR JBORE S B A b R ARUOGE DGR 5200, AT 1
Btk EREARR, RABE 3 AEE . SRER, MR
RFR 1000 mL B, MRATEEZR . BORFAR | F8RIEE 3 f1

PrAE RO EISCR TR, 1A s a4 L AR EE B 1 2%
Mt EL PRl 500 mL Fl 250 mL B, 3 FiAs Z Al iz
BIRFE—3, 7 80%~90%Z M (UL 1), dHH 4HE A
4500 mL B AR A ORI A 3, (Had ket e, 255
P $E 250 mL i FRERRR,

BATTER DEKEE DREER

90 | 88 86 87
85 o3 Y 85 % 5
80 |- ﬂT
o\\° >{>
gs’r 20l 68
= T 61
60
50 > > > L
250 500 1000
EREAB/mL

B 1 A L REARFUS IR (n=3)

Fig.l1 Recoveries results of different loading volume (n=3)

212 pH ik

FERLRIRIY pH XIFES: hHL AR 2R AL F T A B 5 1
FRAAEHRURE 22 8] (R T8 3 S 25 152 (P<0.05), ASBIFSE
K1 0.1 mol/L s S FRVACK BRI BE Xk 20 ng/L 11 6 4
SEATKARESS AT pH & 1.5, 2.5, 3.5, 4.5, 5.5, 6.5,
HikE 3NEE, KA HLB AR, S8R ER, 78
pH 2 2.5 B, ARATER 2 BKE B | R ER 1Y B 5 5,
SR 78%. 71%. 91%(WLE 2). L, #E#H 0.1 mol/L
T SRV R KRR pH IR 2 2.5 ASRAS A i iR

e BAER o BRER ——RIRHE

B2 A pH RS R (n=3)
Fig.2 Recoveries results of different pH (n=3)

2,13 BEARFRALAGLE

Ak K IR PN 6 2 SR T Tk e 245 245 400 6 1% [T R 2 B
AT Cyg. Silica, SCX & HLB FEARZERU:, KL ABIF %
%% C1g. HLB, SCX. Silica iX 4 7l [EAHEE BOH: X indr vk B
N 20 ng/L ALK FESL IR, R 3 AN H R 45
W IR HLB [ A% B 4k B AR b & 9 09 BHICR
99%~112%, A 3 Fft B AHZE BOH: ISR AE 11%~50%2
6], BOAHESE B A HLB Jy AL B AR 2B (LA 3).
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SHAIER DXL E BERER

50 50 47
NN LI N
Cy MCX PCX
IE*EZF—EXE

K]

AT AR A€ BORE ) RSO3 45 2R (n=3)
Fig.3 Recoveries results of different solid phase
extraction column (n=3)

2.2 URBEFHMRL
22,1 &iEEHHA

A W5 T ZORBAX Eclipse Plus Cig (100
mmx2.1 mm, 1.8 pum), ZORBAX Eclipse Plus C;3 (50
mmx2.1 mm, 1.8 pm) 2 RPN R B A €A, ST MRl &
R.BEKER, BRER 3 MRS SE, RN
ZORBAX Eclipse Plus Cig (50 mmx2.1 mm, 1.8 pum)n] 7E
4.5 min WSERERYIR TS, HoBaer RiF, #oks
ZORBAX Eclipse Plus Cg (50 mmx2.1 mm, 1.8 pm) N7
WFFE I & BT 835 4

AR FEEET 0.1%PHIK-20 . 0.01 mol/L H %k
- 2 FORTRI ST SR s AH R4 T BAR Y 09, &3

x10*

KH0.1%H K- VE i sh ATV i nt, Bhrfb s
Yy AR SR L A B AR AL B S FECH, WA G
GEopEh, XHETEREB S N HILEEEE T 0.1% F RK- 20
YRR ATIFFE I B T5 i sh A, TR 4.
222 JREREAMmAL

BRI N 10 ng/mL AR R | BKRE A
R T AR UEVE WA MRS, SR A A R U H AR
YRR T R BB B T A U e B S T SR
PR R F 3 F AR S 15— B AR X B
W RETEF B F RoE T BT, RAZ RS =1
Fp—XHEE F-F TR, B2 n s S50
%2,

23 KHR. TERREMEXE

Ll 0.5~20.0 ng/mL Joi ik v BBl INFRUETA TR, 5 IR
IR A AT I A o DAAR A 4 10 06 T AR () %o B i R
(X, ng/L)ZHIbREMLR, etk A R AL 3.
Z I EAE 0.5~20.0 ng/mL JE I ML R RITF, MR
KF 0.999, [RIBFLAZS KRR FERIEATIIER, IIFRHEREE
FIh 0.1~6.0 ng/L, 5K HRAVE IR, # 3 A EWLT
(S/N=3)F11 10 FH{EME b (S/N=10YH35 5 = i o B AN o FFR,
FH 2 3 T RIZ 5 T2 ARG HE BRI s BRI A 5 A B 23K

23
22
2.1
2.0

19

1.8
1.7
1.6
1.5
14
1.3
12
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

aIEE: S

- 4.031

MATRR
1.498

%7!6%%
3.815

£ NE

020406081012141618202224262830323436384042444648
A5 B b5} (8] /min

B4 MArEmR. AR, BRERNEE TR OEA

Fig.4 Total ion flow chromatogram of lincomycin, tilmicosin and tylosin
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#3 MABR, BREE, ZFEARNEKMERFSRE. HEXRY RUERMEER
Table 3 Linear regression equations, correliation coefficients, limits of detection and limits of quantitation of lincomycin, tilmicosin
and tylosin

&Y Lk mlH AHOC R B K B/ (ng/L) EHBR/(ng/L)
MATER Y=7397.055X-648.97 0.9999 0.3 0.6
kR Y=1240.305X+51.92 0.9998 0.6 2.0
IR R Y=349.86X+50.91 0.9999 2.0 6.0

24 [ElE

DS FIKRE S B B2 T A [l S50, i ik 2 435l
5. 10, 20, 50, 100, 200 ng/L, &Mk EEAEMH 6 A~F
17, WG _ AR, 455 81207 30 T3 R A
75.5%~107.9% Z [&] , #H X ¥5 #f fi 2% (relative standard
deviations, RSDs)H 2.4%~5.8%( W3 4), i LA K FpAkET
FHE . BRFAR . BRERGRI T ER

®4 HAUBR. BAEE. REEZRNTHEBERMBEIITRE
RZE(n=6)
Table 4 Average recoveries and relative standard deviations of
lincomycin, tilmicosin and tylosin (n=6)

EWZAF BRI E/(ng/L)  FHEMKE/%  RSDs/%
5 99.7 2.4
10 95.4 3.7
20 98.4 2.6
FINDE 3
50 96.2 5.8
100 107.9 32
200 105.7 3.4
5 84.4 2.5
10 89.9 5.1
20 75.5 4.1
BKER
50 99.1 3.9
100 104.8 42
200 97.5 2.8
5 81.8 3.8
10 97.7 4.5
N 20 104.4 3.8
BN
50 85.5 3.4
100 76.3 4.8
200 79.5 4.7

2.5 SEPRFEmRIGT
BLATTIEX R BT BT 5 D IRFEZNRHK 15 43
Je 3 AR T K 9 (b TG, e 1 03R4

WU PG AT 8 3R, R 0.9 ng/L, AR bh
IR R | BRERMBIRER, B 25
AR TR EL AL

3 Hit5iTie

ABISEIEST. T o AR € 3 - BB B I A
KPR 22 2K | BRI AR T R Ak B B A O T,
P it R e G RV VRO 5 pHL, HLB [ AHZX R 4k, [T
BT (e e PR, SEEU IR Rk 2 3R . oK%
FEANZR AR AR 5k BB E BT o 5 TR AT R TR
REE S . B BRI, AT LUK bkl 22 5%
Bk RANZEIR R R IR IR S
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