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FEE T T 7EZ A AR/ 1Ak 5 A5ORAH (67 FR I T 1 (online SPE-HPLC-MS/MS ) [R] e 7 7 it KK AR A
o 8 AR R RREE AR BT T i . /AN 5.0 g (R INAK) (R FASERIR K4S 2.0 g(45H0 3 mL /K ), LA 1000
r/min HEH 1 min, A 2 g &ALAIF 10 mL 0. 5% (v/v) B BR Z IG5 %W, iR 8 515 80, LiEm A WG 10%
(v/v) LIEKERR %, B fiH CAPCELL PAK C, 5k (50 mmx2. 0 mm, 15 wm) #5774 §1k , M7 shA
0. 1% (v/v) FFRK AR 205 W R AL 23 5910 90 010 H1 35 :65 B, 7] Sz 30 42 5 Y % 195 A 245 1 W o ATk st . 1
ACQUITY UPLC CSH C, @i+ (100 mmx2. 1 mm, 1.7 wm) R4-4rH:, SCB 8 FlvE 5k B PR G2 AR 25 19 3 5, LA
0. 1% (v/v) BRI R Z A5 M shAREAT AR BEVE AR , 7F 12. 0 min P BP AT 52 8o, FERAL 51T, 8 Fh S H
TR AR 257645 B B B N R, A R4 KF 0. 995, LOD 1 LOQ 4354 0. 01~0. 3 ng/mL #1 0. 05~
1.0 ng/mL; 7€ 3 MARACE T, 8 Fh & H IR R 25 A 25 A s TR R 73. 76% ~ 112, 32% , AHXTARHE R 20 1. 28%
~13.14% (n=6) , WS ELFR T, KRR TR BACR, LT 12 min B0 58 g fb BRE, R AR R
IR B T ACEERLR Kk DR R A M, HoAA R Dol AL MR v T S 8 A
F I T IRER IS A 2 WA

KRR . AR (- BRI B s AR AR A R S R ER R 20 R B s i B

FE Y ES . 0658 XHkiRINEG . A X EHS . 1000-8713(2021) 12-1324-07

Abstract: Carbamate pesticides are a class of synthetic pesticides having wide antimicrobial

spectrum, good insecticidal efficacy, and a short residual period. These pesticides are used in
agriculture, forestry, and animal husbandry. Their widespread use in the last two decades has
led to the existence of drug residues in the environment, which are transferred to food, thereby
raising concerns regarding the potential threat to human health. Rapid and accurate detection of
carbamate pesticide residues in food is of great significance for food safety, and this requires
pretreatment to purify the target components and maximize the accuracy and precision of the
analysis. A rapid and accurate analytical method based on online solid phase extraction/purifi-
cation-high performance liquid chromatography-tandem mass spectrometry ( online SPE-HPLC-
MS/MS) was established for the determination of eight carbamate pesticides in tomato, rice,
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and cabbage. About 5.0 g of tomato ( without water), 2.0 g of cabbage, and 2.0 g of rice
(mixed with 3 mL of water) were vortexed at 1 000 r/min for 1 min. After adding 2 g of sodium
chloride and 10 mL of acetonitrile containing 0. 5% (v/v) formic acid, the samples were extrac-
ted and centrifuged. The supernatants were combined after the samples were extracted again.
The reconstituted solutions were then purified on a CAPCELL PAK C,; column (50 mmXx2.0
mm, 15 pm). When the volume ratio of 0. 1% (v/v) formic acid aqueous solution and acetoni-
trile (used as the mobile phases) was 90:10 and 35:65, the eight carbamate pesticides could be
completely adsorbed and eluted. The carbamate pesticides were separated on an ACQUITY
UPLC CSH C,; column (100 mmx2. 1 mm, 1.7 pwm) under gradient elution and analyzed in the
multiple reaction monitoring ( MRM) mode with positive electrospray ionization (ESI"). Under
the optimum conditions, the calibration curves of the eight carbamate pesticide residues
showed good linearity (7>0.995) within their respective linear ranges. The limits of quantifica-
tion (LOQs) and limits of detection (LODs) were in the range of 0. 05-1.0 ng/mL (S/N=10)
and 0. 01-0. 3 ng/mL (S/N=3). The recoveries were in the range of 73. 76%—112. 32% at three
spiked levels (2, 10, and 20 ng/mL) , with relative standard deviations of 1. 28%—-13. 14% (n=
6). The online purification method showed better enrichment and purification ability for the tar-
get substances than did the offline purification method and greatly improved the pretreatment
efficiency. The loading and purification could be completed within 12 min. The developed meth-
od has the advantages of high recovery rate, good reproducibility, accuracy, rapidness, sensi-
tivity, and environment friendliness. It can be used for the determination of the eight carbamate
pesticides in plant foods, such as tomato, rice, and cabbage.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS) ; online solid phase extraction; carbamate pesticide residues; plant foods
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8 B KB B PR A, HE b K 22 B ( methomyl) 76 2 i Fil
S i KB B FR 3 0 0. 2 mg/kg, HH 25
( carbaryl) 7E KK | 7 it AR 1 2% Hp 1) e 8% B3 PR
#¥8 1 mg/kg, 7 A B (isoprocarb ) 7£ KK H i)
W AFR B EM 0. 2 mg/kg, BT ( pirimicarb ) 7£
Fe A RIIE] 32 i R K AR B R R 0.5 mg/kg Fl 5
mg/kg., U 1 KA B B o AR it A B 4
BT IR A BRAR , D A ST A AT R AR R AR T
AhH i A R T

ARSCLLE WA KK Fenh IR 1S4 AR R
LT, 8 B ATRE A AR LR AL B/ A AT H AR
Wit E SR aiAl, 45 G s AOROR (03 - FR B BTG 1L
AR K 22 B WE L K 8 ( metolcarb ) | 5% A
J( propoxur ) | F %5k, 5 P9 AL, HH AL R ( methio-
carb) F1f T & ( fenobucarb ) %5 8 F 2 Kk F iz ik 25
ezl FXT T DMEZ R PRI AR 25 s
FH 1 B 2 [ AR A5 BG4 A T % | 207 T FE ik B 3
Lt = R ST  T  =TREaSi IBEp S U N
AR, T R T B o 5 FY R IR A A 24 7k B R o
ARSI EESK

1 SKIEERS

1.1 &R GRXF 54

TR ST R 2L - HR B I % Y ( Qtrap 6500, 3 [
AB Sciex A ] ) ;4 H 3l & G A WAL (FV4, 15 784X
PR A BRA ) s BER IR A1 4% (VORTEX-5, B 52 I
BRI AR A BRA ) BB O HL(GTRI-B, Jb 3
BRI A B I7 2508 BR A 7)) 5 HLAGER 75 3 3 Uk
PLCAE 3t 2 B A A ) 5 43 B R OF (XP205 i
AL204 , 7 €] Mettler 23 #]) ; Milli-Q #A2li /K #% ( [
Millipore /3] ) ; ACQUITY UPLC CSH C {4
(100 mmx2. 1 mm, 1.7 pm, 3 [E Waters /A F] ) ;
CAPCELL PAK C, ¥4t A (50 mmx2.0 mm, 15
p, UG RBHE A BRA A |

DEA RN %Y D W ML
B VBB AT bR A A (26 =97, 63% ) Bl A
#4[% Dr. Ehrenstorfer 2~ wl, H ., R LW N
fif M S (el | LI R (SR Al ) 1
H 2% [# Thermo Fisher Scientific 2\ & ; & AL4 (4
Bral) W [ 1 25 48 Ak 243800 A R |5 S50 FH K
R LK (HL P ZE = 18.2 MQ - cm), Milli-Q Plus
B Al K A il s KoK T AR S h Si e % H
B ARRE 5

1.2 FRAEREEF

A3 ERAPREL 8 b 22 2 HY IR T IS s M 3 i
FH R P 0 B E A% 1. 0 mg/mL RIFRHERE £ 1A, T
-20 CHLIRAE, B8 FIARIERE 75 W4 100 pL, H
FELEAZE 10 mL, /53] 10 pg/mL KRS b8 ME F
W, T 4 CHROGIRAE, ] 10% (v/v) ZEK
VWK 10 g/ mL TR -G FR ke rh DR AR B R 3 vk
FERRINR A PR UE TAER
1.3 HmEK

S s e L E AN I B STl N
KAE b ELEEAR BT 40 B, FREX BRI 5.0 g,
[ AR A 2.0 g(CRGA631 0.1 g) , BT 50 mL
R BEOE T B E SRR PIIA 3 mL K (%
itk ), BA 1000 r/min fEi% 1 min, ITA 2 g
FALEAT 10 mL 0. 5% (v/v) IR LG, T el
RA% EIRA 3 min, Ll 5000 r/min &.0> 5 min ¥
THERERES —RELEY, A S mL 0.5%
(v/v) R N7 2 DL E AR BGS 2, A 4
W, T 40 CFAWRZET, WA 2 mL 10% (v/v) &
KL, W eV R 8 5 L 3 0. 45 pm SFLUENE
14 HMELSL

fifi 1 CAPCELL PAK O #EAE e g fb it i
A 0. 1% (v/v) HRZK (A #H) FICHE (B #H) 1Y
Fb A5 SR R | DR R S 4 AN B (L3R
1), 7Rk R G0 i i 1 UL L 1, 70 3 1 Ak 143
A(position A) B HEAT _TAE, f FH T S 4 204, (H AR
PRI T 1 mL 2 A, [A) B A A 46 3 s A
(A AN B AHEARFLEE A 9 1) X 7 £k [ AR A Bk 1E
1M, JEREALBRIRE 7538 6t position A V) &
position B, 56 FH W14 it s AHH A L B BBOR T £ 78
LR B AHACIURE (8 5 FR b6 50 4 W B 21 75 48 [T A
ARIRE I 2% TR 2 VR, W s 368 5 R4 3 B A Y L
], A8 5 bR Ak A P I AE S AR A2 BURE B 2R, MRl
VRN, EALIE

F1 ELERER SLNRERYE

Table 1 Gradient conditions of online solid phase
extraction/purification

Step Time/min ¢(A)/% ¢(B)/% Position Function
1 0.5 90 10 A injection
2 0.5 90 10 B loading
3 3.0 90 10 B rinse
4 2.0 35 65 B elution
5 2.0 10 90 B elution
6 2.0 90 10 A balance

A 0.1% (v/v) formic acid aqueous solution; B; ACN.
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Fig. 1 Flow diagram of online purification system

1.5 LC-MS/MS ##f
1.5.1 &4

4y Br#E 4 ACQUITY UPLC CSH C,, (il 4
(100 mmx2. 1 mm, 1.7 pm) ;#:E K 40 C; Hish
FHA R 0.1% (v/v) FIRRKEW, B h NG ; i R
0.3 mL/min, #EPEBAEF.0~1.0 min, 10% B;
1.0~4.0 min, 10% B~50% B; 4.0~5.0 min, 50% B
~90%B; 5.0~8.0 min, 90% B; 8.0~8. 1 min, 90%B
~10%B; 8.1~10.0 min, 10% B, RN 5 pl,
1.5.2 JRig&t

L7 2 S SS L i IR B TR (ST ) 5 5
FURIRE 550 °C ; Wail Jr =X . 22 5 o Wi I ( MRM ) 45
2 WIS LU (IS) : 5.5 KV; 56K (GS1)
344.75 KPa; i BN R 7 (GS2) « 344.75 kPa;
ARSI (CUR) : 275. 8 kPa, 8 Fid Ak FH iR g
ARG BRI TA) P AR R
M AE WL 2,

2 SRS

21 BEEERK

YEFHBURbRIAE M 1.7 wm () ACQUITY UPLC
CSH C e i, Ho3E T 2 36 45 0k 32 I 1) i A
A, AT DI 43 B PR A4 R AP TR, SO 5 4%
TIK-Z 0. 1% W R K- M .0. 1% F R IK i3
- FH BRSO B0 AR R €8 535 8 M R BB (5 e, R
BUAHFH VR A HLAH IS, 225000 5 A i 1y 22 4§
Il R, 21 8 R KA O AR, A7
BT Ie s M+H | W IR SEXEAR , o d i 1 53
Mr RAELE , DA 5286 5 208 1 0. 1% TR 7K I -
CIEVERTRSIAH 38 5 DL Ak 0 B Ve AR T, 8 A
FEHERTRAR 2576 10 min N RIAT3A B AE 008, fedd:

KRR ATERIILE 2,
22 RIEEHFMRL
R 22 I R I S A 24 53 45 W B RR AT, 1E 8
THLMESE HL S IE B R T R A B T
&4 100 ng/mL B AARER L 7 wL/min (195
TEASRRESCH B S T — S o b, 3R 3 4 b 24
PrtesE B BEE [ M+H " 16, SR 535 LL 8 Fh2h )
s AR Y (ST R ) B B RE R E 173 W 1/ B U
PR RS SIS AR M R IE B T, DR
SRR TETENE R T RN T
®2 SHEERBEARGNREHENRESY

Table 2 Retention times and MS parameters of the
eight carbamate pesticides

Compound R.etenti(.)n . Parent . Daughter  DP/ CE/
time/min ion (m/z) ion (m/z) \Y% eV
Methomyl 3.78 163.1 106.1 85 18
88.1" 85 18
Pirimicarb 3.90 239.1 182.2" 85 20
72.2 85 20
Metolcarb 5.74 166.1 109.1°* 85 15
94.0 85 40
Propoxur 5.98 210.3 168.1 90 8
11.2* 80 22
Carbaryl 6.14 202.2 145.1* 85 25
127.1 85 38
Isoprocarb 6.33 194.3 137.2 50 15
952" 85 20
Methiocarb 6.54 226.1 169.2 80 15
121.2*° 80 25
Fenobucarb 6.55 208.1 152.1 80 8

95.0" 85 25

DP. declustering potential; CE. collision energy; * quan-
titative ion.

1.0 —— Methomyl
] Pirimicarb
J —— Metolcarb
0.8 4 Propoxur
- | Carbaryl
- ] Isoprocarb
z 0'6__ fethiocart
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3 i
S 044

5
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02 J
00— ]L .
4
{/ min

E 2 8HMIAERBICRABEIRARR(100 ng/mL) §J
REBFREIEE
Fig. 2 Extracted ion current chromatograms of the
eight carbamate pesticides (100 ng/mL) in
mixed standard solution
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VE R EPE BT, X 45 B 10 E AT R R v R
Bl 5 A TR R R TR TR A, B & B AR
FEA BT S8 (LR 1) B P B 40 B 1 e g R 25
TAERCRIR B R E
2.3 HREBDUAFIMIERE

R R DU i K H AR (%) 1 24 T4 G 370 1)
PR, ASLECR W EE Z R R R, 2 g Fl
0.5% (v/v) R G WAE R $EBOA 7, JE1T bR
DGR A 3 BUSCR, bR /K 72 20 pg/kg,
BAKEEATIE 6 (WK 3) , 45R L8, i
IR 2,8 C TR BRI, T Ak s th i . R EB £
et FH FP A A R BB 50 B [ L R AE 50% LAR i
FH 0. 5% HR M 175 W 4 RO [ Wi 38 e v, X it A
R NGB MR 2L 2 B e )k, i HL R AR AR T
FRPEIRSE A R TR S H R R IR 25 e |, i
0. 5% H R CNEVE IO,
24 ERBFIRZEERSBHMRL

FE SRR RS i FH 2B AR A I
., BEERH NG IRBU B s g e xt 5
AL AP . NGRS EGEN, Hrfb &9
AR E W AL AR B AT AL B I, SERT L T R
TR0 91 R 80% L 60% . 40% . 30% . 20% . 10% I 8
PP B R B A 25 1 ISR S5 R LR 4, K 2
EARBU BN R T 10% I, 8 Ff 32 H IR iR 2 Ak 24
KInlse e m ARSI HTAL FEAE |, Soh e K0 2 IR IR
i I IR 10%
2.5 TELEMRZEREEMMRML

TELL AR A UL S A R0k BEMFD P 4 4
W, ARIK i CAPCELL PAK C  #E1E Jy 7E £k

120

71— Methanol [ZZJ Ethyl acetate [ Acetone

100 . ZZ1 ACN EEE ACN containing 5% (v/v) formic acid
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Fig. 3 Effects of different extraction solvents on the
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recoveries of the eight carbamate pesticides
(n=6)
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Fig. 4 Effects of proportion of acetonitrile in resolution
solvent on the recoveries of the eight carbamate
pesticides (n=6)
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FAAE IR A To e U I A+ /b, T H
TREB A S AR Z& b 64T 0 5 1 ) o 1) ' 4R 4l
b ARSI X I B0 A 0 2R R gt |1 A A B
TS A LR T TR
2.5.1 i

SEHXT A AT T K- HEFN 0. 1% (v/v) HRZK
S WR- CIAE R i s AR I 5 AR 53 AT ) 1 e 4R Ak Ak
W BB AR AE KA, B ERPI7E L EEBY
B Gk b B AE gt it L 0. 1% (v/v) HIiR
T R KARE BT LA 2 H AR 7E et A

L GIE b
2.5.2 3 A A

RER S AR Y Z SRR ER N A
Xt 8 a3k R TR AR 25 1 & SR VE R . K28
(1 DR 32 5 shAH v 2 B AR B RE i 4, 24
ZIE R TR B0 T 35% I, K 22 B 1S54 Ny
5% 5 4 CNERFR S BOAN T T 10% B, 2K 22 B Tl
RARIRF) 95% LA b, i shAH i & 0 R B4 4k
T 30% B, Hofth 7 Fh 2 5 YRR TR 28 4 25 BV mT 58 42
AN A S O @ D W = S N T E s Y RSO
BECH 10%.,

VR I, 24 % shAH T 2 R R B T 55%
B i TR PR B R S RE BN 5 24 Z B AR E
R 65% e LA LI A 4 5 24 AT o8 A v, 4
GG, PRI 2 8 AR 43 B0 2335 06 B R
RGIETCH M S RE ORI BT FR G I | B s Uk
J RSt 378 s AR 2 AR E0R 65%
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2.6.1 ZMEX RFAAHR

B il B FP A 5 0 1 2R TR B A v TR T, 45 a2
() 3 BT SR A R A T 5, LA 5 0 I 114 o R A2 Ay 7 Al
b B B T T R AR AR IEA T A BT, 22 il A
HETAEMZ, 4550 RU, KW S AL MEEE N
AR R RS, RPEAOC R B (r) KT 0.995 (W
%£3).

DI BARE A PIE M H (S/N) 4350 3 i 10
G H BR (LOD ) Al f FR (LOQ) , 8 Fp & 3 H
iR g 25 4 25 1) LOD 1 LOQ 43 %I 4 0.01 ~ 0. 30

ng/mL 1 0. 05~ 1. 0 ng/mL, ¥ 8K F CHk{l ., 3%
FHEER S5 XA 5 a3 R R I Ak 2 HEAT AR
AR HHBR S 0. 3~1 pg/kg, KIS X 5 Fhigi sk
LI 24 Bha i R PR S A 25 AT A DU 1) s it PR
N1 pg/kg 15 pg/kg.,
2,62 EREFAEEE

XFBAPEFE A RO TR (28 58 BTtk AT 3 4K F
BRI [T TG ol 75 5 0 WAk 8 7 4% 0 IR 1 T s
K535 210,20 ng/mL, £ K V347 6 241
Frcss , THE DR AR X bR o 22 (L3R 4) , 25
RFEW] 8 P B H R B ARG TE 3 IRk

R3 STHEEFTHREAANAETE KR BXRE RHRMEER

Table 3 Linear equations, linear ranges, correlation coefficients (r), LODs and LOQs of the eight carbamate pesticides

Compound Linear equation Linear range/ (ng/mL) r LOD/ (ng/mL) LOQ/ (ng/mL)
Methomyl y=1.08x10*x+2.51x10° 0.5-50 0.9953 0.05 0.15
Pirimicarb y¥=3.64x10°x+5.03x10° 0.1-100 0.9951 0.01 0.05
Metolcarb y=3.63x10*x+4.15x10? 0.1-100 0.9991 0.04 0.10
Propoxur y¥=2.60x10*x+4.76x10° 0.5-100 0.9970 0.05 0.15
Carbaryl ¥=9.40x10°x+1.87x10° 1.0-100 0.9992 0.30 1.0
Isoprocarb y=1.17x10°x+1.11x10* 0.1-100 0.9984 0.03 0.10
Methiocarb y=9.29x10*x+3.03x10° 0.5-100 0.9970 0.05 0.20
Fenobucarb y=1.74x10°x+1.64x10* 0.5-100 0.9979 0.06 0.20

y: peak area; x: mass concentration, ng/mbL.

®4 SHAEPRELRHAE I HERPHEKERFEIITERE (n=6)

Table 4 Recoveries and RSDs of the eight carbamate pesticides spiked in three matrices (n=6)

Compound Spiked level/ Tomato Rice Cabbage
(ng/mL) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Methomyl 2 80.40 5.88 106.81 3.58 108.59 5.11
10 86.07 5.77 94.41 8.92 93.79 11.92
20 75.98 8.65 85.87 10.55 75.32 6.51
Pirimicarb 2 80.03 4.37 102.35 1.79 107.36 8.59
10 84.36 2.42 97.79 7.82 100.06 4.34
20 83.19 4.47 111.76 4.67 88.67 6.18
Metolcarb 2 95.84 3.89 92.38 1.28 101.92 2.27
10 94.50 2.31 101.28 11.95 95.33 2.64
20 88.50 3.51 97.35 2.96 85.97 3.56
Propoxur 2 77.37 9.99 82.49 4.56 101.33 8.19
10 78.89 5.60 96.52 7.05 94.95 6.06
20 111.62 4.98 90.41 7.26 84.01 13.14
Carbaryl 2 74.98 8.13 87.72 7.00 86.09 5.19
10 82.35 3.84 94.04 6.80 89.69 9.74
20 73.76 9.05 92.17 3.21 81.22 7.60
Isoprocarb 2 112.32 3.94 86.96 3.13 105.35 3.90
10 103.45 1.41 82.35 4.59 109.01 4.73
20 92.81 2.54 89.34 2.92 101.06 3.11
Methiocarb 2 82.65 4.36 82.77 3.24 97.41 2.45
10 84.61 1.92 91.08 7.81 84.50 5.45
20 75.35 3.51 82.61 4.68 93.92 5.50
Fenobucarb 2 94.84 2.94 100.63 1.91 101.28 3.57
10 97.10 2.24 103.01 2.99 98.58 5.23
20 91.03 3.71 95.72 2.71 97.01 4.65




- 1330 - @

i 539 &

BTN T EE Ry 73.76% ~ 112. 32% , AH X bk A 2%
0 1.28% ~13. 14% , Ut B 77 s B AT R 45 0 v 14 A
R,
263 ELRFMAENELM

f#i Ff CAPCELL PAK C, #3147 200 K325 )
il FHVR G R S W FE T IR VR, SR A
]S A 7 AT 5 2 i, e BRI T 45 TR 5
W 8 i IR R AR 2 1 & A 254 5% LAWY,
VLI LA s RE RS e , J1 R M iR
27 5B&SEUAENEEER

FHIATARIE NY/T 1679-2009¢ #i #ytE£ i h
LI TR R 2 5% B A DN 8 YRR (035 - £ D6 I %
) 1R B 2k [ AE AE BG4 Ak ik, F it L KR AR 1
b8 B g B R IR 2 A 2 1 i b i R Dy
55.68% ~99. 13%, RSD 4 1. 48% ~26. 46% , 2B &5
L7 1k 0 H P RN MERA FE I AN IR S A T vk

TESZIHRAE |, B4k SPE Hrik 7 e iy 3 ANk
IR 80 min, T FELR ML T7 1 JO 7 HEAT B A VR
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