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Determination of 19 herbicides residues in meat by ultra performance liquid
chromatography-tandem mass spectrometry with pass-through solid phase extraction

ZHU Fuqgiang WU Shudong HAN Yanjun GUO Yupeng TIAN Honggen HAN Jiazhong
(Binzhou Center for Food and Drug Control, Binzhou, 256600, China)

Abstract: An ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) method was
developed for the determination of 19 herbicides residues in meat. The samples were extracted with acetonitrile, and
purified by pass-through solid phase extraction using Oasis PRIME HLB column. The seperation was performed on an
ACQUITY UPLC BEH'C4(2.1 mm X 50 mm, 1.7 pm) column with acetonitrile and 0.1% formic acid as mobile
phases by gradient elution. The electrospray source was in the positive ion mode and monitored in the multiple
reactions monitoring mode. The 19 herbicides showed great linear relationships in the range of 0.2—50 pg-L™" with
correlation coefficients ( R*) greater than 0.999. The limits of detection (LODs) and limits of quantitation ( LOQs)
were in the ranges of 0.5—2.0 pg-kg™' and 1.7—6.7 pg-kg ™', respectively. The average recoveries of targets varied
from 70.2 % to 127.5%, and the relative standard deviations were between 4.1% and 10.9% at three spiked levels.
The experimental results indicated that the proposed method is simple, quick, accurate and sensitive, and was
suitable for the determination of 19 herbicides residues in meat.

Keywords : herbicides, meat, ultra performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS) ,

pass-through solid phase extraction.
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AR AE I (SPE) Al QuEChERS 54510 38 [ BTG T it o 5 570 0 BRSO g A ol 2 B X MRAR (B3R KR4
FLPIPERERD  ATAE BT 35 2 2LL SPE 2 3. M1 56T 3 &5 DY rP B 505 5 B AR 0 77 36 5 o A0 DL, ke =2 58 4 B9 ARG B2 A i
XI5 58 i T Sl Wy IR B SR B S S R IR SRR | D PR IE R B A RS B 75 e, 50N A iy
PEATHACAL B, 2B SPE AR FTTPE R SR IT 2 BRI, S 45 SRR MR ARG B S8R, AN BRI AL A e o F) g
USERRIIES

ARSCEF XA 2R P 2 ARG RS R SE TR SR Oasis PRIME HLB AR fEAE & T 1646 Uk | TR0 22 k55
PR, HAHRARBOR EAEBR LR TS B R RN SR 2% BT, L UPLC-MS/MS YA AE T 19 iR F 50 5k B %07 ik Ak
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1 L3834 ( Experimental section)
L1 AR 5k

ACQUITY UPLC I-Class ¥ 5 8508 A 35X  Xevo TQ-XS = PUMAT Fii%{X ,ACQUITY UPLC BEH C,4(2.1 X 50 mm,
1.7 pm) 34T (3£ E Waters A 5] ) ;3-18K5 BS.OAL (2 E SIGMA 23 Al ) ; CP225D B, 4341 K ¥ (18 sartorius A 5] ) ;
Milli-Q B Zl/KA (3 E Millipore A H] ) .

FEE. 2N (HPLC 2%, 18 & Merck 2N 7)) ; F R (4l & > 99%, 36 [ ACS BBk 278 7 ) il 4l K (| BH %
=18.2 MQ-cm) ;Oasis PRIME HLB [EIFHZEHUH: (200 mg / 6 mL, 35 [F Waters 23] ) ; QUEChERS 2B (7 1 g A AL
4 g MIREE 0.5 g FrIIR —BNER /KW 1 g TOKATAIR BN ) (Bt ( bi) SEs @i A R W) 5 JE B X% (0.22 pum, |
BEERHE A BRAR).

PRl dh SEEER ZEEI  CHERE 2 R S e Al BT 1 = 99% , W || Dr. Ehrenstorfer 2>l ; BERFE (100 pg-mL™") (KH
(100 pg-mL ")  BE R (100 pg - mL™") | B EBE A 6% B (100 g - mL™" ) G BRA#E 5 B% (100 pg - mL™") | T W5 i
(1000 pg-mL™") W4 AccuStandard 23] ; B JEWEMM R | Lk s il [ U 2 2590 100 g mL ™", I | ANPEL 2 ] 5 JRUK 15 fitf 2
JHie TR MR BE Y R 100 pg - mL™' W A BePure 73 Tl 5 T W 15 fff [ 34D % 1tk [ 9% B2 354 100 pg - mL™', I H Fist
Standard 23 ] ; A (100 g mL™") W F A FRIAETCEH R HIRI T s A0 w1 o | M B B vk B2 350 100 pg-mL™' TG H
AL FIE B FAG B A RN 7] CEEER ZRRN R R RS 4l YY) = 99% , I H Dr. Ehrenstorfer 23 ) , 4% HER FRHL
10.0 mg MR IR | 25 0 LM B | & S 86 e s of o, P TR0 R O 25 & 100 mL 25 2 0ff v, BB 0 VR B O
100 pg-mL™ MIFRIERE AL, —20°C L IRTE.

1.2 i v i il

BRI —E i 19 R FFR A E 50 mL A BT, FH OB e 25 2205 Bl 1 wg- mL™ TR-G AR
FRIAN, —20 °CAIRHRPBRAF I PR, FH A R ot 4 OO, i 3R 9k B 1 B TR A s v TRV T
1.3 FESETAL IR

FEP VAR SRR X PR R (W B AT ) 43 S O RT B R A3 TZH U R LR R DT IR &0 MERR AR 2.00 ¢ 50 mL
BT B 10.0 mL 267k, -5 L ming FEUERANA 10.0 mL 2%, W HEHEE 1 min, 285 A QuEChERS 3216, R
FUPRFE 1 min, LA 8000 remin”"' By 5 min, I _FIE, £F Oasis PRIME HLB [ 414 BUi: 1k,

#4 Oasis PRIME HLB [#I4H 25 BUR: 22 4% F HOG T i d i AR ZE U 2 1 e 1k B 3 mL L5Vl 44 Oasis PRIME
HLB %, 5 7 /E TR, ORISR, HERR I 100 pL W5 400 wL 4i7KIR A, 48 0.22 pm A HLSLIE L I8 )5 , i UPLC-
MS/MS & .

1.4 ORESMES PSSR

% 4 . ACQUITY UPLC BEH C, (0% 4% (2.1 mm x 50 mm, 1.7 pum) ; H:iE 40 °C; #EAEEFR 5 L, N
0.40 mL-min™"; ZJCBREEVRIBE, S BIAR A 4 0.1% H FR/KIE WL, i sh Al B o Z G B BE VR P R - 0—1.8 min, 10%B—95%
B;1.8—2.0 min,95%B;2.0—3.0 min,95%B—10%B;3.0—5.0 min, 10%B.

FTRE S - LGS LS (ESD) IR, 1F & T8 2 SO M2 (MRM) 5 25 FIRIRLEE 150 °C 5 B HLT . 1.00 kV; it
P FITELRE :600 °C 5 BEIAFI A - 1000 Loh™' 4 FL R A T : 150 Leh™" s Al A :0.15 mL-min ™'

2 R 5+ (Results and discussion )
2.1 AUBSSRMI R

ik s rtid Bia BRI TEIE B (ESI+) A T BE R 19 55w = BE i v o0 1 B 0, AR Ak B IR B A 5
SR BN R LR RS SR B AR BB AR W N5 5 R B A B A IR T R B R i e
FHUE RS T, £ 2 RN VA T U bRl RE = 5 s S 80, LR 1 T S 500 1.

RS AL LU ACQUITY UPLC BEH C, (0354 (2.1 mm x 50 mm, 1.7 wm) N2MESH: ILER T 20 I EELL R i
T B TP BRAE R T shA KT B AR G 4 B AT R R . S5 SRR L SIS -0.19% W BR KIS RAVE M T s Al B I VR,
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Table 1 MS parameters of 19 herbicides

L&Y BB FET HEfL R Tl i {4 B st ]
Compounds Parent ion(m/z) Daughter ion(m/z) Cone voltage/V Collision energy/eV  Retention time/min
DK iR 289.1 144.2 % | 86.2 10 34,22 1.13
R 292.0 144.2 % , 149.1 10 20, 8 1.29
KB 312.0 267.3 %, 181.2 10 20, 37 1.24
BN P i 326.0 129.2 %, 109.2 10 24, 50 1.09
FH Lo My s e 388.0 167.2 % | 205.1 10 20, 24 1.26
AT 396.0 1552 %, 181.2 10 14, 20 1.50
&5 W it e 398.9 261.1 %, 218.1 10 15, 25 1.63
R 410.9 149.2 = | 182.1 10 22,22 1.47
0] i o 411.1 182.3 % , 213.2 10 24,16 1.48
Tk b 414.0 183.2 % , 157.2 10 17, 22 1.29
SR 415.0 186.2  , 83.2 10 18, 42 1.64
I P i 415.0 182.1 =, 139.1 10 20, 40 1.61
TR I i e 422.0 261.0 * , 218.0 10 20,20 1.69
1 s e i 425.0 182.1 % , 156.1 10 20, 30 1.39
SRR i 429.9 398.1 % , 370.1 10 12,22 1.48
T A 432.0 182.2 % , 325.2 10 26, 14 1.33
WHRR 444.0 100.2 = , 371.1 10 15, 2 2.07
P gk fe e e 453.0 182.2 % , 255.2 10 24, 20 1.21
AR 471.0 211.2 %, 218.2 10 12, 26 1.45

. REERET, Quantitative ion.

2.2 FEMATALETT R AR

14 3 mL HE R IRBUA T B2 S Oasis PRIME HLB /A IGRE DGR 2 88 (1 IR D5 AR NG 5 2% . S0 56 & 81, 3543 B A
YIFEARHR BE AR KT R TSR I 60% ;445 118 Vi B 32k BEE , 27 AL W IR0 11— 25 S8 % B0, R I 100 L &5
400 L 4K IRA IR HEREMAT S8R BLIF, AT RSIEA v [ AC R Ut 23R A VA FORE s T P At R B 5 4355 BERE M.
2.3 FEMMIEFRLN A5

SR S S R A IR I NG5S 7E5R W AW Th 5 A7 AR S R ARON , 38 A 3 0 B B P 3 5T
BN (ME) ,ME<1 22 WIT7 183 A0 800 s ME>1 2 A7 70 JE RO sm i 7 45 R 0T, 19 Fh HARYITE 4 FhE B ATR A
JE B AR R B AD) T A AS IRIRR RS B i o 0 i soie g, L v Al R A O I D e S A G P
Ge ) ME {EAE 1.32—1.41/ 28] T 45058 0y W .
2.4 ZPEVER S K H R

Kz QIR AT AL R 2R S ) I W H 0.2.0.5.1.0,10.0,20.0,50.0 wg- L™ BITRA bR TR, T
HEATIR B (U A Rt A T I | DA bt e B A AR b | LA 08 1 REL ) 5 1L S A AR b g S b o R A IR L S/N =3 114G
FR(LOD) , Lk S/N= 10315 TR (LOQ) L5 F I3 2,19 Ff HARYITE 0.2—50 ng- L7 36 F N A RAFAy L, Lkt
MBI (RY) YIRT 0.999. 4 1R K 0.5—2.0 peg-ke™ ', EHRIR K 1.7—6.7 ng-ke .
2.5 R ER KRS

BUSA R A RIS A 23 (SRR S IRAT AR P L 1 3 A KT 9 T [ s 56, 28 o e 43 R 5
10.50 pg-kg™" 3 LRI A TIN5 , AN B IAKSEIRE 3 9k, THEE 45 B AR 40 B4 V4% im0 a0 356 00 R o o O 22 285 S AL
3, ZITEAEAL P R 3 ANEIIKSE T 9 BCRR E] 70.2%—127.5% , M AR AER 25K 4.1%—10.9%.
2.6 SZBRAE AL I

N FH AR T 3 6 A MR T AT 3 BE AL SE A 20 03 & & AR (ARG IR 2R IR R RIS IR 517 T lE | 250 R
JITAT i S5 ARG 1 15 T o 1959

3 #it( Conclusion)

A 3C) H PRIME HLB 38 503X AR AEIBCR AR #7818 S0BORE €6 3% - A3 06 S0 33832 00 2 35 8 P vl 19 SR 5] 5 7 1)
ST T R P A =X AR FE B A, 5 TR Pk |, A b B (b 5O B35, W] B AR AR T T4 O vk RAUE & e
It RERSHERA M X B 25 A v 19 BRBR B 5% B EAT 8 P8 A0 AT, W1 D Bl VR 1 vl oA R R 4% B ) M 5 o i R AL
P AR S
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Table 2 Regression equations, correlation coefficients (R*) , linear ranges, LOD and LOQ of 19 herbicides
. FHICREL LML Ziodaa] JE R
el 2&[‘%@937}%% Correlation Linear range/ LOD/ LOQ/
Compounds Regression equation . ) 4 4 4
coefficients/R (pg-L7™) (pg-kg™) (pg-kg™)
DK iR y=450372x+19100.1 0.9988 0.2—50 1.5 5.0
ZRRINE y=128275x-4820.5 0.9999 0.2—50 1.0 3.3
K y=182179x-14675.2 0.9995 0.2—50 2.0 6.7
SR M y=173138x-13216.5 0.9997 0.2—50 1.7 5.7
FH 5 3 fif e y=218069x+3808.8 0.9999 0.2—50 0.6 2.0
IRA R y=77034.3x-4354.0 0.9997 0.2—50 1.0 3.3
LR R y=386391x+3793.4 0.9998 0.2—50 0.5 1.7
TR y=295478x-24133.2 0.9993 0.2—50 1.7 5.7
R v i y=76092.3x-6873.6 0.9994 0.2—50 1.6 5.3
Tk it [ y=235082x—16859.1 0.9992 0.2—50 1.7 5.7
ST y=176448x+3037.5 0.9998 0.2—50 0.8 2.7
I s i e y=267415x-14871.8 0.9994 0.2—50 1.2 4.0
TS PR I it o y=210712x—18228.9 0.9994 0.2—50 2,0 6.7
(7L e i y=176301x+5045.4 0.9999 0.2—50 0.6 2.0
SRR e y=79813.3x-4608.7 0.9997 0.2—50 1.3 43
T A R y=984475x-23084.3 0.9999 0.2—50 0.7 2.3
R y=149545x-9153.0 0.9996 0.2—50 1.5 5.0
FH L Jc T y=167339x-3433.3 0.9998 0.2—50 0.6 2.0
153 y=141085x-12036.2 0.9993 0.2—50 2.0 6.7
R 3 LPRAES 19 FREREFA AR BLCE A AR 2E (n=3)
Table 3  Spiked recoveries and RSD (n=3) of 19 herbicides in real samples
e kR nqﬁzf]}}ﬂ Pork [—Mﬁzglﬁ Beef Hq&iﬁ] Mutton ﬂqff Chicken
~ -1 2] RV ] A2 2] g n] A 2%
Gompounds (heke™) Recovery/ % Rsh7% Recovery/ % Rsh7% Recovery/ % Rsh7% Recovery/ % Rsh7%
5 122.5 8.2 115.0 6.9 107.5 5.7 122.0 10.1
DK HL iR 10 107.3 49 103.0 6.2 97.8 6.1 105.8 6.9
50 92.9 4.3 87.1 5.1 85.8 4.9 89.8 4.7
5 87.0 6.2 92.0 6.4 92.5 7.2 105.5 7.6
PN 10 80.2 6.5 82.0 4.3 83.5 7.1 92.5 6.2
50 70.7 4.4 70.3 45 72.7 6.0 70.2 5.7
5 126.0 7.6 122.5 10.5 117.5 6.9 126.1 7.0
KK 10 110.5 5.5 104.0 6.1 101.5 6.3 107.8 4.4
50 85.3 4.2 75.9 5.4 80.7 4.8 78.7 5.3
5 117.5 6.7 122.1 6.4 117.5 7.2 126.5 6.4
SR I 10 114.6 5.0 105.5 6.5 102.8 6.3 110.1 6.3
50 83.4 4.5 79.6 43 84.4 4.4 84.9 4.8
5 89.0 7.3 99.0 4.4 89.5 9.2 108.3 10.2
PR W My st 10 89.0 6.5 100.8 5.0 89.3 5.6 100.5 6.6
50 84.1 4.7 76.7 5.5 81.9 4.1 77.9 5.9
5 113.5 6.8 113.0 8.6 111.5 7.2 119.0 5.7
IRAdk R 10 100.5 4.9 100.0 6.8 94.8 6.0 96.5 6.4
50 84.7 5.1 79.7 4.8 76.3 4.6 84.3 5.2
5 85.1 7.9 85.0 6.9 83.5 7.5 109.4 6.7
LA 10 86.7 7.3 90.5 5.8 90.0 6.8 105.8 6.6
50 84.4 6.5 81.6 5.6 84.8 43 90.2 5.3
5 127.0 9.4 126.4 6.7 119.2 9.0 127.5 6.6
WAl e 10 115.0 5.1 115.0 6.3 103.5 6.8 118.8 7.5
50 84.9 6.5 84.9 4.9 87.7 6.3 84.7 5.0
5 126.5 9.0 126.1 6.7 118.0 6.2 123.0 9.6
R R i o 10 104.8 5.8 104.8 6.7 105.5 6.4 113.8 6.9
50 77.7 4.5 71.7 5.0 79.9 4.6 79.6 6.5
5 126.0 7.4 120.5 7.1 118.0 6.7 123.0 6.2
ik ik 10 100.0 6.0 107.3 5.0 102.5 6.0 112.8 6.3

50 85.3 4.2 86.4 4.8 85.5 5.4 88.3 5.3
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ey bR Eq&flﬁ Pork EW: A Beef Eq&jl;lz\\] Mutton qu:] Chicken
1 = 2 R =
Gompounds (heke ) Recovery/ % RS/ Recovery/ % RSh7% Recovery/ % RSD/% Recovery/ % RSD/%
5 82.5 7.2 81.5 5.9 82.5 6.3 100.5 9.1
S e e 10 87.5 6.5 92.3 6.5 90.8 5.7 108.3 6.9
50 90.9 5.9 86.9 4.2 90.2 4.6 95.2 6.0
5 116.0 6.7 118.0 5.7 116.0 6.3 120.0 7.2
L el e 10 104.0 6.4 105.3 5.6 102.0 6.1 110.3 7.5
50 90.9 5.7 85.5 6.6 87.9 7.3 88.4 5.9
5 114.5 6.9 117.0 7.3 121.0 6.9 122.0 10.5
NS 10 93.3 4.5 96.3 5.5 101.5 4.4 120.5 6.7
50 72.2 4.2 80.0 4.6 77.8 5.1 89.9 4.8
5 74.5 7.3 120.5 6.6 119.7 6.2 125.0 7.6
17 s i 10 79.8 6.5 110.0 6.5 115.5 4.9 115.3 5.5
50 81.2 6.6 85.8 4.2 90.3 5.0 86.3 5.0
5 116.5 9.2 114.5 4.6 119.0 8.1 122.5 7.1
SRR R e 10 101.8 6.0 114.3 5.1 109.3 63 117.0 7.4
50 95.5 6.6 94.5 5.0 90.9 4.6 95.0 6.8
5 99.5 7.5 102.5 6.5 99.5 6.8 118.0 6.7
T MR 10 84.5 5.5 100.8 4.5 94.3 63 113.0 6.4
50 83.5 5.0 88.6 5.2 83.0 5.5 96.2 5.7
5 113.0 7.8 118.0 9.6 117.5 7.4 117.5 10.9
R 10 106.5 6.0 100.5 7.2 96.5 6.0 97.3 6.8
50 85.5 5.1 79.3 6.2 85.6 6.0 82.1 7.2
5 87.0 6.7 90.5 7.4 83.0 5.9 105.0 7.0
P gt e i e 10 82.8 5.5 98.0 7.0 83.8 6.7 96.5 5.9
50 76.9 5.1 75.7 4.9 82.7 6.3 74.9 6.4
5 121.0 7.2 126.0 7.2 122.5 6.6 121.0 4.9
i 10 106.8 6.5 119.0 8.0 113.8 6.1 126.8 6.5
50 88.9 6.6 89.8 43 93.5 4.4 92.3 4.6
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