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Determination of 4 kinds of carbamates pesticide in vegetables by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 4 kinds of carbamates pesticide in
vegetables by ultra performance liquid chromatography-tandem mass spectrometry. Methods Vegetable samples
were chomped, extracted by acetonitrile, purified by solid phase extraction column and QuEChERS, respectively,
eluted by acetonitrile-0.1% formic acid aqueous solution as mobile phase gradient, and separated by CAPCELL PAK
C,3 chromatographic column. Multireaction monitoring in positive ion mode (MRM) was used for qualitative and
quantitative analysis for carbamate pesticides, isopropoxur, secobutycarb, and carboxycarb. Results The 4 kinds of
carbamates in the range of a given standard solution concentration peak area and concentration had good linear
relationship, the correlation coefficients were greater than 0.999, the limits of detection were 0.001-0.005 mg/kg, the
recoveries were 70%—130%, and the relative standard deviations were less than 20%. Conclusion This method has
the advantages of high sensitivity, low limit of detection, good recoveries, and feasible operation, which can realize
multiple carbamates in vegetable products at the same time.
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carbamates pesticide

0 51 &

28K T R MR S AR 28 T2 Ak A LI AR 25 R AL R 28
R AR B —FhoE B i kT R A 2y, L EA XA
BARRE . WEEENELE | 5 0 AN SR RE A B AR LTI
BT Molk - Holl, 2 R IR 2 A 24 19 7F F L
il [ A LB — A, 2 400 o) Il I 095 1, s SRR
WY, AL W BRI A2 LA TR Jr X Ab BE 5l 4 1 m) 5 |

2 FUBCIERE B I R A2y B O 0,

XENE MG HE R R EH . GB 2763—2019 (& i &4
Bl AR U it T R 2 J AR R B s o DU e B 3
FAEH IR BREA 25 5k B B A, b v/ g H RV A
i (acceptable daily intake, ADI)>N 0.001 mg/kgebw, K
JBEE H A Al 0.002 mg/kgebw, i T EAEH R4
FEAHEH 0.06 mg/kgebw . 5¢ 1 g A 5 LG R B 45 75 5 A
AL, BT DL REE R R, e P Rt EL A A o I R A )
R, AT g b 2 ARy B S R AR, Il I
Tt 145 P 5 RS2 R, B8 A X T 21 200 L L i 4
WAMBIER, 27 R MR . R AL
PR RN ITE I EE . BT, A RER PR
P R R S A 246 Iy ok (A T T A 43 ol B T
AR B RO R R BT ASOR € - ER T
TS VROR i - A TR 7 1O kM R OB AR
0, 3% - 88 B i 1% % (ultra performance liquid chromate
graphy-tandem mass spectrometry, UPLC-MS/ MS) 4 5%
BV o ARG 3 S e OO €55 - FR BB B 1 T o S
4R EIE PRI R R N TR, R e
TR sk B, DU 2O R RE A T H O I, R Bk
L fRE AR .

1 MR5ERZE

1.1 &8 SR

QTRAP 4500 FTif/r#ril(3£E AB SCIEX A H);
ULtiMate3000 ## /&5 % AH (@ 3% { (3¢ [ Thermo 23 #]);
QL-866 fZ %% (3% E QILINBEIER A #]); XS205DU #4530 #r
K-(+ 7432 —, FiL Mettler Toledo 23 H]); 3H16121 &
TV U B O WL G R B P (M 25 2 54 PR \1); arium oproD1
ali K 2 hb PR ES (35 [ Sartorius 2 )); Auto EVA-30 Z(MAY
(ZE[E Reeko A T]); KQ-500DE U/ g vhre (1
A R A A

ToKBRER N . EALBAS BT at, K KUk 2R R
HARAR);, HEROEHTE, KEmeERB R RERA
A, L. BEE(Eaiga, 2E Sigma-Aldrich 24 #);

QUEChERS ¥+t #7K Cleanert PSAELA%: 40~60 pm). [&4H
FEHUKE Cleanert S Cig-SPE(MLME: 500 mg/3 mL) (K 1HL)
ARIRBHLAFD); 4 Fha 3L IR B2 20 IR A FR R W[5
EL(40 pg/mL), T BL(40 pg/mL), 5% KB40 pg/mL),
T B(80 pg/mL)](SB05-070-2008, £k #RF 455 i 47 RLBF
WA

FEMCATTEBE , K, diF. 025, AL, & i,
3.
1.2 FREZ AR

FE 0L 0.80 mL RZTRAFRUEA T 10 mL 255
t, R EER B, R E N SRR TR
FRAEL 3.2 pg/mL, TEE R 6.4 pg/mL APRARMER . B
ARSI 2.50 mL F 10 mL A RIRT, HREEEE
ZIPE, BCH BT A TR BRSO 0.8 pg/mL, BT
HEHK 1.6 pg/mL MARMEME R . ISR T 5%
AT J 40, 100, 200, 400, 800 ng/mL, ¥4 & 80.
200, 400, 800, 1600 ng/mL #HilFmuERhZk .
1.3 HmaTaE

Rl WEBE . WK, M. hZh, WA, ¥
N ESEREE BT YIRS AR BUREFR I 10.00 g
T RERNHEBE LGS, AR

FESERBC FRECHIRES TFINA Z 5 10 mL, iRiERA
Jr AR 20 min, FIA 8.0 g JC/KERIRENAN 2.0 g EALAN,
e, 5000 r/min #.0> 5 min, BB T &0, W
F 10 mL ZAEEERE1 K, &3 L2APH.

QuEChERS #tfk: FAIFMAEIAMHPE 1 mL A
0.3 g L/AKFBRENA 0.5 g PSA B K, WICGES G
5000 r/min #5.0 2 min, B 0.5 mL F3ER A 0.1%H iz:
ZHEQ:, VIVERIRS, i3 0.22 pum A AU S ft
UPLC-MS/MS 43 #7 o

SPE ¥rfb: AHMAVAHEREIET, H 5 mL A
G113, VIR B o Crg FE S mL HR: 40 (1:3, V:V)
WAk, BRI ERIRRER I, 15 mL BRI
(1:3, VIV)Z IR F, IEMRHRAREET. A
1.0 mL 0.1%H fR: ZJE (1:1, V)BTRS AR, 13 0.22 pm A HL
JENE S Bt UPLC-MS/MS 73#7 .

1.4 UEEFEH
1.4.1 A8 &Lt

i H:: CAPCELL PAK Cg H:(CR-02, 100 mmx
2.0 mm, 5 pm); FE¥L 35 °C; i 0.2 mL/min; #EFER
10 uL; FEHIIELE 4 °C; WalAH A: Z1E; Wish# B: 0.1%
HR /K sl ARRR FE VR R T I3 1.
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Table 1 Gradient elution mode of mobile phases

F5f 18] /min TshE A% sl B/%
0.00 5.0 95.0
15.00 25.0 75.0
23.00 95.0 5.0
25.00 95.0 5.0
25.01 5.0 95.0
30.00 5.0 95.0

142 JRikEAt

KA HL WG 55 B T (electrospray ionization, ESI)Hi
B 1B, £ Ml (multiple reaction monitoring,
MRM); 50 AR, R ATEESR 74, HiF
VAT A AT R DL i R R A B R HEFL A
fll 1 B 5 55 F R B (B e L R U A s 1% AL
R M Al e o UL 3R 2.

*2 BUBYIRIESH

Table 2 MS parameters of the compounds

wEmHAE  BET T RV R RV
137.1* 43.11 13.09
S 194.1 95 42.8 21.07
95.1% 422 21.01
fr 208.2 152 43.09 12.38
168.1* 16.08 9.76
PA 210.1 1111 12.97 18.19
165.1* 61.16 15.62
SR 222 137.1 61.32 27.87

2 HERE5HH

2.1 FEAEICIRMRAL
2,11 RIEHayiLE

A0 T A i vl B PR TR T 2 AR 245 1 B BB R T
Fi . AmEE. FE. 2055 . GB 23200.112—2018 (&
YREFRE PR ER 9 FhEIE P REEEAR K

A AR BRI O R R AT AR ) DT — R
FHCNEHATRIL, SN R SR s R, AMUSKE %,
WReA RO ECk 2y, I H T, BEOFE—BAR
SCPRIOE . A DRI | ISR R A IO, AR
GO RBUA R . A RO R R IE AR, BT (E,
AR
212 # 4

[ e SR S 56 [] ) 645 SPE ¥+L il QuChERS ik, SPE
H A SRR SR BUS T Cg BIAHZERUNME S T L, Cog [
AHAE BUINVEEE T — M 1A SR A S AT AR B4 T, ASBIF S 78
RS SR O TR C g BAHACIBUNE S 4K
QuChERS ¥k, J&AE StoB i 42 BUS A JC 7K B 8 44 5% 2%
KAy, AL e -N-PISERE B BT BR 2%, 25 L3600 2 Fid
A B R R g, 4TS A Tz R R A,
B SPE ¥4tk J7 A% QuChERS iR E L, HFikfk
DI SR 2 R AN FE R £, HARFI AR R, M
QuChERS Jrik#efifaisa . #EmI /D | il A RE/D, Bk
JEWRAEERE, XTI E A AT . AT %S QuChERS
H .
22 FEEHsImL

A 4 FEA o BIHEA T IE B, 6 2N
BRI, DL 8508 f e Rl L T, RS
R R TR AR . BFIRERE . BB, 4
S, S8 5007 0 RO R vk, 1530 4 FbRukEd
T L 1
23 FHEMRRERSH
23.1 HfEm&REHARHR

DL H BR 2 43 B4 04 TG R (V) %o 5 o YR BE () M8k o i 28,
DL 3 f5 (50 i e 4 Fha L IRER AR 25 A R B, FE4R
T TR P W TR R R R B AT SC R, MR B K
T 0.999, 4 Flva E H R R A 2 bR Uk T 04 (M1 UH O AR L AE G
B PR H IR L 35 4 FhEREYI R MRM (23 P 4n
K2,
232 AmiFEipEg

Bifi AL 36 JC— o A A 1 B N AR 1 O s T RE
HEFMFRIL 10.00 g =5 FIRE S 9 0y, DL 3 AEdh o — AN AT
FE, BEAEATRE S P M AR S AR MERE 20, 50,
125 pL, JUPARE S roin A S0k R BR AR 25 1 & i ST
B, T L. B 6.4, 16, 40 pg/keg, WE A 12.8.
32,80 pg/kg, i HEAR G AT AL By 0 4R i RS T A2
T 2 Fivmir b 217 3 00 AR g, B3R 4 3R 5 hah
ST, 2 Rl b B 7 vk 00 DR A £ A L B R, H
QuEChERS J5 ¥ [FICRERZE L T SPE ¥ ik ik, 4 Fp
AP R ER ALY AR ERE B . 25 IR S B T RE S
ok B U LA 3,
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Table 3 Regression equations, correlation coefficients, and limits of detection of target compounds
ey’ TAEhZ HRFREr G R/ (mg/kg) FE HE PR /(mg/kg)
SN L Y=38.74018%X—421.64866 0.9994 0.005 0.015
i T B Y=109.03527X-2974.51136 0.9992 0.002 0.006
HR A Y=27.88360X—555.69258 0.9995 0.005 0.016
A B Y=1288.11932X-286.53928 0.9996 0.001 0.003
500 S
#
bt
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
i [E] /min
1000 ?\13'04 fros
-~
bl
0_;—\_,—-"'\—\_
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
I [E]/min
i
bl
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
fist[B] /min
H
20000 FHEL
£ 10000 10.28
bl
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
it ] /min
B2 4 Fpad LR IRERR 251 MRM (@i &
Fig.2 MRM chromatograms of 4 standard compounds
% 4 QuEChERS H¥rEUYEN=3)
Table 4 Recoveries of target compounds by QuEChERS (n=3)
&Y 6.4 ug/kg (5L A B 12.8 pg/kg) 16 pg/kg (5 A B 32 pg/kg) 40 pg/kg (5% H 4 80 pg/kg)
[T/ % S TR % [T /% SR IR % [T % /% SR ISR %
SN 93.44~104.69 97.55 90.44~113.31 105.40 79.18~109.20 98.38
T 90.31~108.44 97.29 90.69~100.25 96.64 84.30~115.00 103.37
B 93.28~108.59 101.93 94.56~111.56 102.52 78.85~105.03 90.68
qE); 98.12~105.94 100.85 103.03~109.28 105.83 86.24~115.44 104.48
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]
HR

e i o = %123

# 5 SPE MirEUER(N=3)
Table 5 Recoveries of target compounds by SPE (n=3)

6.4 ng/kg (5 H L 12.8 pg/kg) 16 ng/kg (5 H AL 32 g/kg)
IR /% S TR % BN &I SB[ IR /%

40 pg/kg (5@ H A 80 pg/kg)
[E15 %2 /% ST IR R /%

S
T B
FRAR
ey

83.28~114.84 101.72 78.75~121.88 100.32 109.80~128.83 119.32

94.38~108.44 101.43 101.94~105.44 103.69 124.11~128.91 126.51

82.97~118.12 102.73 81.50~128.38 104.94 80.15~111.85 96.00

105.86~115.47 111.80 107.23~129.38 118.31 100.27~120.38 110.33

8.4e4
8.0e4

7.5¢4
7.0e4
6.5¢4
6.0e4
5.5¢4
5.0e4
4.5¢4
g 4.0e4
3.5¢4
3.0e4
2.5¢4
2.0e4
1.5¢4
1.0e4
5000.0

0.0

2.4e4
2.3e4
2.2¢4
2.1e4
2.0e4
1.9¢4
1.8e4
1.7e4
1.6e4
1.5¢4
1.4e4
1.3e4
B 1204
= 1.led
1.0e4
9000.0
8000.0
7000.0
6000.0
5000.0
4000.0
3000.0
2000.0
1000.0

0.0 !
0.0

10.27

l' i
341 ) ‘I“ 230 |
{ 212,

1457
‘, As4 S8

18.40

12.99

10.67
r‘ 1 'll‘_7412.7

709789818 53 16.84

19.09 19912083\ 91 H‘|
A At st

T Ay
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i [A] /min

Wi,
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i
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Fig.3 Total ion flow diagram of standard sample, blank sample and blank standard addition sample
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233 AWEE .
BEULIHR 1 PERR I 0% MR ke, o 3 IR
R G H A as L RR S 6 1 I . e
bﬁﬁﬂy 10.00 gfﬁhﬂjﬂﬁ Elﬁénn 6{51 ﬁ'}gjﬁu/\(tbnh— Zt\ﬁﬁﬁtﬁxlﬁﬂ/\lﬂ XTﬁ%ﬁnuEPE’jk#j% ]&ﬁ‘f‘,&

WEVA IR 125 pL, FAE 5L WAL B 5 2 ) & R AR, R 1, 435f# il QuChERS 1 SPE %+{k )54, QuChERS k)5
UE, SRR, AXhRUERS 22 (RSDYE/N T 20%, B sy .5 e ELBE PRI B, A0y —Flh et Ak 70

#6, R, PR, AR ARG TR R
24 SEERAES ST AR G-I MRAIE I, 33 Pt

W R ZE I ik, %07 BRI e, A WL 7

AP A RS, D CE G, GRS, U, f«;amﬁ, AR
1%1%1_47&1 *Eiﬁ%%%ﬁ,n%, %ﬁ@uﬂ#uuﬂﬁ 4 P L Mﬁﬁﬁ%ﬂj iﬁﬂ;, %Ijhgﬁ%ﬁl—lﬂﬂ'{ﬂ'“ﬂi, ﬁ%ffﬁ%
BRI Z B AR Rt B £ T S PP R AR 2 BB A R

% 6 QuEChERS 5 SPE & £ IlE K945 2 & (n=6)
Table 6 Average relative standards deviations of target compounds by QuEChERS and SPE (n=6)

W (ng/kg) I /(pg/kg) PR 2 /% AFX A HE AR 22/ %
Hir9 QuEChERS SPE QuEChERS SPE QuEChERS SPE QuEChERS SPE
S 31.67 41.23 41.18 47.05 5.12 4.24 12.43 9.02
42.70 44.01
43.68 48.46
44.56 4534
4527 51.69

39.21 51.58
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+® 6(1%)
WL /(ng/kg) F-HIE/ (ng/kg) FrUE 2 /% A A AR 22 /%

T 33.72 23.14 40.12 34.98 4.81 6.31 12.01 18.03
44.32 35.75
46.00 35.91
39.72 37.51
41.43 35.49
35.54 42.09

B A 31.50 43.47 37.76 46.86 4.71 5.05 12.61 10.77
42.01 48.34
35.31 51.14
33.98 49.92
37.75 50.13
43.62 38.18

LTNED 68.99 102.90 76.40 96.16 11.47 6.66 15.02 6.93
92.35 87.01
89.40 101.10
70.11 95.62
65.32 100.90
72.21 89.42

SE ik Agrochemicais, 2019, 58(5): 353-355.
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