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Abstract: Carbamates are used in broad-spectrum insecticides and herbicides, and have highly

efficient, low-residue, and long-lasting characteristics. However, this type of pesticide exerts
mutagenic, teratogenic, carcinogenic, and other adverse effects, and its frequent use can ex-
ceed the recommended scope and limits. Research on the determination of carbamate pesticides
mainly focuses on foods of plant origin and pays less attention to foods of animal origin. The
methods for carbamate determination described in the current national standards have
complicated operating procedures and low efficiency. Therefore, highly efficient and accurate
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methods for carbamate detection in milk must be established. In this work, a rapid method
based on pass-through solid-phase extraction ( SPE) purification coupled with ultra perform-
ance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) was developed for the
simultaneous determination of 10 carbamate pesticides in liquid milk. The pretreatment and in-
strument methods were systematically optimized. The milk sample was extracted with acetoni-
trile, and then purified using a Captiva EMR-Lipid filtration kit. The purified extract was separa-
ted on an ACQUITY UPLC BEH C,; column with mobile phase of methanol and 0. 1% formic
acid aqueous solution in gradient elution. The flow rate was 0. 3 mL/min. Column temperature
was 35 C. Quantitative analysis was performed using the external standard method with matrix
matching curves. The 10 carbamate pesticides showed good linear relationships in the mass
concentration range of 2-200 png/L, with correlation coefficients greater than 0. 999. The limits
of detection (LODs) and quantification (LOQs) for the 10 carbamate pesticides were 0. 045 -
0.23 and 0. 15-0. 77 png/kg, respectively. Recovery tests were conducted using the blank-matrix
method at three spiked levels of 15, 50, and 100 wg/kg, and good recoveries for the 10 carba-
mate pesticides were obtained. In particular, the recoveries for the three spiked levels of 15,
50, and 100 pg/kg were 68.7% —93.3% with relative standard deviations ( RSDs) of 1.8% —
8. 0%. The proposed method is efficient, convenient, accurate, and suitable for the rapid detec-
tion of the 10 carbamate pesticides in liquid milk. Compared with the conventional NH, and EN-
VI™-18 SPE columns used in the national standard determination method, the proposed method
demonstrated better purification effects. The recoveries for aldicarb sulfoxide, aldicarb sulfone,
methomyl, and carbaryl after purification using the Captiva EMR-Lipid kit increased from 60%
to 80%. Thus, the proposed method is suitable for targets with strong polarity and gives meas-
urement results with good repeatability and accuracy.

Key words: enhanced matrix removal-lipid cleaning; pass-through solid-phase extraction puri-
fication ; ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) ;
carbamate pesticide; liquid milk
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Shimadzu LC-30AD ## = R0 AH (3% ( 3 A
BT HiE AB-5500 QTRAP Tk X , e A H g
Z BT (ESI) J8 (3£ E AB SCIEX 23 #)); Milli-Q
Gradient #1215 7K{% (¥ [ Millipore /A ) ; 58 % 7k
B0 HL( 3£ E Thermo Fisher 24 7]) , XPE-205 H T
K- (Fit Mettler 22w ), 0.22 pm A HLEER(
ISR PR RAR) .

T K g W (aldicarb sulfoxide ) | 3 ¢ i iR

(aldicarb sulfone) | K 2 & ( methomyl ) | 3-5% % 7@
H & (3-hydroxy carbofuran) . ¥ K /& ( aldicarb) .
K8 (metolcarb) | 5% H &Y ( carbofuran ) | F 25 5
(carbaryl) .59 & (isoprocarb) . /' T & ( fenobu-
carb) bR S ok A g S RHE A BRA ] B
VR E R 100 mg/L, SH K M8tk , HEE (MS
P ABEER A F) , R R (MS 2, Sigma 7
F), OHE NER OEC e (AR 9, E 254E 1) . Capti-
va EMR-Lipid # (200 mg/6 mL, Agilent A #])

17 I 5 Sy T B Tl AR FL
1.2 tRERRRNE &

43 G S5 B LA 10 FPFRAEZS I 0. 50 mL T
10 mL 25 s e, Jin B s 4 R 28 2 i 4 50, B
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BB ZIEL B0 A5 B R B 1000 wg/L IR
BRI TARR W, DAAS VR TV W R i 71 I ) 45
F| 2~200 pg/L 1Y R G FR A FRE T/ESR .
1.3 #HiX@ARNHE

FREVRARFLRESD 5 g T 25 mL &, i
R R R Z LI G5, 8T -18 CHEE
15 min, B J5 B % 2410 000 r/min 2.0 5 min,
W IR R % = S N %) Captiva EMR-Lip-
id # L UR S B WG i, 4 0.22 pm AL
TEHE AR
14 B®Bif&sE

Waters ACQUITY UPLC BEH C , {fi 43 ( 100
mmx2. 1 mm, 1.7 pm) @A HR 35 O, i
0.3 mL/min, #FEAF 2 wL, WzhHH A K 0. 1%
FRK VTR, T sh Al B S F B 6 B PR R 5. 0. 01 ~
1.5 min, 5% B~10% B; 1.5~5 min, 10% B~ 50%
B; 5~8 min, 50% B ~60% B; 8~10 min, 60% B~
5%B; 10~12 min, 5% B,
1.5 JRiL&H

ESI ¥, B PRI 500 €, & P UM IEE
TR, 2 5O W ( MRM ) B | HL 8555 13 1K 5500
V, EZASE ST 1.72x10° Pa, A5 S K J7 2. 04x10°
Pa, fHBIg8E ) 1. 72x10° Pa, HAFESHLE 1,

2 HRITTE

2.1 REEHFHMRNK
211 FUi AR

K Bz RE T 43 H 0. 1 mg/L 1) 10 Fh
FAHEP IR P — PR MW A B IR 7
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Table 1 Retention times and MS parameters of
the 10 carbamate pesticides

Daughter DP/ CE/
min ion (m/z) ion (m/z) V A%
Aldicarb sulfoxide 4.03 207.1 132.0" 55 9

g/ P
Compound R recursor

89.2 20

Aldicarb sulfone 4.47 210.1 118.0" 30 17
166.1 16

Methomyl 4.64 163.1 88.0" 38 12
106.3 14

3-Hydroxy carbofuran 5.41 238.1 181.1° 70 16
163.1 18

Aldicarb 6.15 208.1 116.1" 20 11
89.3 25

Metolcarb 6.41 166.1 109.3 " 80 16
20.4 23

Carbofuran 6.74 222.1 165.1" 70 16
123.3 29

Carbaryl 6.91 202.1 145.3" 100 17
127.1 42

Isoprocarb 7.27 194.1 137.5" 110 12
94.5 21

Fenobucarb 7.86 207.9 94.7" 9 23
151.5 43

#* Quantitative ion. DP: declustering potential; CE: colli-
sion energy.
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Fig. 1 MRM chromatograms of the 10 carbamate
pesticides (50 pg/L)
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SR W FVEW 5 mL, 40 C FASWK T,
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W AT, DR R TS, R 20 mL S H -
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RN
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RART A S mL H BEEff . W R lon7e 35 ¢
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20 mL H RS PR, 3R T 40 C P A
SR, 01 mL SR, 0,22 pm A HLIERE,
SR

Captiva EMR-Lipid . bW B % 1A, W
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Fig. 2 Effects of different purification columns on the
recoveries of the 10 carbamate pesticides (n=6)
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Table 2 Linear relationships, LODs and LOQs of the 10 carbamate pesticides

Compound Linear range/ ( ng/L) Linear equation r LOD/ ( png/kg) LOQ/ (pg/kg)
Aldicarb sulfoxide 2-200 yY=6.92x102+2.35%10* 1.0000 0.045 0.15
Aldicarb sulfone 2-200 y=1.08x10%*x-1.40x10* 0.9996 0.046 0.15
Methomyl 2-200 y=3.50x10*x-5.99x10* 0.9996 0.23 0.76
3-Hydroxy carbofuran 2-200 y=7.20x10*x+9.10x10* 0.9997 0.23 0.76
Aldicarb 2-200 y=1.48x10°x-4.40x10° 0.9993 0.045 0.15
Metolcarb 2-200 ¥=9.98x10*x+6.70x10* 1.0000 0.22 0.76
Carbofuran 2-200 y=17.33x10%2+3.96x10° 0.9999 0.23 0.76
Carbaryl 2-200 y=4.34x10*x+1.90x10* 0.9999 0.21 0.76
Isoprocarb 2-200 y=2.07x10°x-3.39x10° 1.0000 0.22 0.77
Fenobucarb 2-200 yY=4.15x10°2+1.09x10° 0.9999 0.23 0.76

y: peak area; x: mass concentration, nwg/L; 7. correlation coefficient.
£3 10 MEERREELXRGNMZEYZEF RSD(n=6)
Table 3 Spiked recoveries and RSDs of the 10 carbamate pesticides (n=6)
Compound Added/ Found/ Recovery/ RSD/ Compound Added/ Found/ Recovery/  RSD/

(pg’kg)  (ng/kg) % % (pg’kg)  (ng/kg) % %

Aldicarb sulfoxide 15 13.3 88.7 6.5 Metolcarb 15 13.5 90.0 4.5
50 42.1 84.2 5.9 50 38.4 76.7 5.1

100 79.3 79.3 6.7 100 77.6 77.6 4.9

Aldicarb sulfone 15 13.0 86.7 3.9 Carbofuran 15 12.7 84.7 6.0
50 45.1 90.2 4.8 50 46.4 92.7 5.1

100 92.7 92.7 6.8 100 89.9 89.9 2.5

Methomyl 15 11.5 76.7 5.3 Carbaryl 15 10.9 72.7 4.8
50 38.4 76.8 2.7 50 35.3 70.5 4.1

100 74.2 74.2 4.6 100 68.7 68.7 8.0

3-Hydroxy carbofuran 15 12.1 80.7 4.0 Isoprocarb 15 13.0 86.7 3.9
50 43.0 85.9 1.8 50 40.8 81.5 5.8

100 83.1 83.1 2.6 100 84.6 84.6 4.8

Aldicarb 15 11.6 77.3 4.6 Fenobucarb 15 14.0 93.3 4.8
50 38.1 76.2 4.6 50 43.3 86.5 3.5

100 70.8 70.8 5.7 100 82.6 82.6 5.5

3 B B2 5 M DT VR o TR DR 0 A

ARSI A B B I N s AR AR R ST
T 1 Captiva EMR-Lipid 74218 i 2 4k 7 i 56
4 UPLC-MS/MS [m] s I 2 AR FLH 10 Fhad 55 H iR

U, REUE S R R, AT R R OO A I Y
R T HRARZFL A 10 TPk R IR 2R A 24 e
EIRE  [R] SA Sh 4 I8 R a2 R R A 20 Y
T S AT RE B
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