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Rapid screening 52 Kkinds of pesticide residues in peanuts by QuEChERS-
triple-quadrupole liquid chromatography-mass spectrometry
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ABSTRACT: Objective To establish a rapid screening and identification method for 52 kinds of pesticide residues in
peanut by triple-quadrupole liquid chromatography-mass spectrometry. Methods The samples were extracted by 0.1%
formic acid-acetonitrile, and the extracted solution was purified by MgSO,, primary secondary amine (PSA) and Cig.
The solution was separated on a Waters C;g column (100 mmx2.1 mm, 1.7 pm). The positive ion reaction was monitored
by triple quadrupole and quantified by matrix standard curve combined with external standard method. Results The
52 kinds of pesticides showed good linearity in the range of 0.001-0.1 pg/mL, and the correlation coefficients were all
greater than 0.996. The limits of quantification of the method were 1-5 pg/kg. The recoveries of 52 kinds of pesticides at
10 pg/kg were 76.4%—107.6% in the experiment of spiked sample recovery. The relative standard deviations were
3.5%—-12.3%. Conclusion This method is suitable for the screening and quantitative analysis of pesticide residues in
peanuts.
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T VR i - DU R R - I T R R A R T A AR
H:ZErp 248 R 258 EE; F 2 #E 45T ST QUEChERS-S,
A €2 35 - £ B T 0 R 0T R L T - A I R 1k R A
MEEZE 267 R s HLOI P AOAR 25 5% B8 5 . 2R g 220
IR e 280U €55 - DU AR - AT B R BT S B R N T
P G A PSR VLI P 154 AR 2 2B 0BT T .
QUEChERS &5 & VB0 AH €035 J57 138% 1 E 4 7 A B K0 0 e okt s 5
ERCAR ARG RGN EE TR, AR E
QuEChERS Fif b B 7 32 A0 = 5 UMK A 53 v g 7 A 2k v
52 FhA 2 PRk 07 2 0 AT v, DA S B AR R
2h 5% BRI b o A B ) O AT R R M, B AR I A A
MR R

1 MR5ERZE

11 U 5RF

LC-MS8040 — T PUMR AT AR (5 g I AL (H A5
B H]D); PT-MR1600E 351 (3% Polytron Devices /A #]);
5804R 1Ry ¥4 R 125 U AL (7 [ A\ W] ); Lab Dancer it fig
P (FEE IKA 22 7]); Mili-Q Reference i 4li/K & 4= 2% (38

[ Millipore /A F)o

Je7K MgSO,4 NaCl (Zr14l, = [ & 255 A R F);
e, . PR iEal, fEE Merck A H); SEEH AN
Ji BREG 4l oK, 20 B -N- 9 Bk R 6t 4k B I (primary
secondary amine, PSA). Cjs (32[E Supeco A Fl), 52 Fifkzy
FRUEAH (100 ug/mL, JbETIE S BRI A RA F).

1.2 LEFHE
1.2.1 Bk ELH)

52 Pl 2Rl i Z B LK 2.00 pg/mL AYTRA A
WIRT-18 CCHOGIRTT . FATEA: 25 [IRE S 28 TR FL VR &
FrUfE TAEW, Bl 0.001 ., 0.005.0.010, 0.050. 0.1 pg/mL
AR HE T 26 2R 5 VA
122 #Hops®

PRI YERRFREL 5.00 g (KEHA 2 0.01 )Wt J5 AEA R FE
i T 50 mL ¥RLELOEE R, A S mL ZKi2E 30 min, JIIA
0.1%H 8 ZHE 1 20 mL, #RFHEEL 10 min, 8000 r/min %
> 10 min, W5 mL B3GR % 10 mL &0, A4 g
MgSO,, 1 g NaCl, #JE#RY 1 min , 8000 r/min #.0> 10 min,

Hib: B2 mL RIS E T34 300 mg MgSO,.
150 mg PSA. 50 mg Cjs ML T, WHERS 1 min,
8000 r/min &.0>» 5 min .

123 HZenE

SR FH =2 DU T WA €235 o i B0 P ASCRS o BB Ak vk
1 mL, & 0.22 pm AHLIERRE, FEE 0.1%H IR O IEHE,
PG Z MgSO,. PSA Fll Ci BHb/E, R Waters Cg
(100 mmx=2.1 mm, 1.7 pm)EFEFESFE, 78 =5 PUBAT IE 2
TR MR 2, FERTARfE R 4 & AMR Ik e .

2 HRED

2.1 EIRIBGEMAL

PN 2. FREE R FYE QUEChERS J5 i Ah HiP
AR FRELEA A, I 3 PR, e B A 2 i
Ak LB AL T AL 2 FRER, FEREIHBRIR PN 5
i mME, FREEILPAE T OE, HE WA RGHE,
ST B2 RE A A 249 1 - RE A8 i oy Ak 24 $ LR
HO01%F BRI . M. PEAENRBOAR, oA
JEFES RIS 10 pg/kg, 52 FhAR 25 HFF-2 R R 43 51 4
83.2%. 70.7%. 76.8%, It & 0.1%F MR WG AE
R PRI

W ER AT 5 MgS0O,. MgCl,, NaCl, NaSO,,
MgSO, F1 NaCl A Fmf, BB ERE. 34,
QuEChERS Jrikfeigfbid fth, & F PSA. fs2fbik B
(graphitized carbon black, GCB). Cg & ZAE M35 0 i
Wi, AMLER. BFES, FEHELS% AOAC 2007.01 FI
EN15662, #fi5E M AJC/K MgS0,300 mg, PSA 150 mg. Cig
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50 mg A, 52 Flufe 25 572 ISRy 83.2%~107.6%.
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Fig.1 Total ion chromatogram for a mixed standard solution of 52
kinds of pesticides (0.01 pg/mL) in multiple- reaction monitoring mode
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TERBIA A 0.2%M I ER AT LI B Z B 2 | e
WRAEAR LG4 1, IR HIACH B2 AT LA 7E BB 25 1F B 1B
R 0, Rm R AR, I EEER M A
2 mmol/L ZFREEH A 0.2%A . st B A ML

PRI TR, 0 W2 QL vy 3 RN, &
PR G B s o B A UT o 4725 TR R e B S M i sl
A VA BT IR BT A AP T 22 AR, sy
et BIEAR A 3594 20 A, T DA 68 33 43 3 e S SR BORK 3 ok
JiAR R, I S, e E B (O3 A

(1) f43%4:: Shim-pack XR-ODS 1 (75 mmx2.0 mm,
1.6 um); Q) ENA: B: ZJE; A: 2 mmol/L Z.R%#-0.2% HI B
T (3)FEIR: 40 °C; (4)HEFERE: 5.0 pL; (5)FI#E: 0.3 mL/min.

BEREER Y, WL 1.

®1 RIERRERF

Table 1 Mobile phase elution procedure

Hf 1] /min i L el
1.00 Pumps B. 10
15.00 Pumps B. 90
18.00 Pumps B. 90
18.01 Pumps B. 10
22.00 controller

223 RS0

Sl et e AR 2 B 1 e T Rl
MRE R SE SR, R AT IS A R B TR ESL
BRI HL R ESIT, +4.5 kV; ESI, -3.5 kV; ks
A K 3.0 L/min; P8 & 20 L/min; fiES: &<
JBLVA AT IR L 250 °C; MNFABLYLIEE: 400 °C; 52 gk
Ry i S8, B MR (limit of quantification, LOQ)
KR IR | A% % B (relative standard deviation, RSD)
SrAILER 2. 3.

F2 S2MRAWBR. BORESH. EER

Table 2 Names, mass spectrometric parameters and LOQs of 52 kinds of pesticides

B (mlz)

e llatg?] Vins =¥ PREARA/min - BRI Hm/z) B RO 1 5 18 PR/ (ng/kg)
1 R CsH;;CLN 0.444 122.10 [M+H]" 63.00 58.10 2
2 a-ZRZ W CoH 00, 2.141 185.10 [M-H] 141.10 85.05 5
3 ZWR CoHyN;0, 3.330 192.05 [M+H]" 132.05 160.05 5
4 WEE H IR CgH14CIN5O;S 4308 292.00 [M+H] 181.10 211.10 5
5 B C4HsCLO,P 4.829 256.90 [M+H] 220.85 108.95 5
6 FH R AR R C14H7N;0; 5.321 273.90 [M-H] 230.20 187.20 2
7 FH S DR I CisH1oN;0, 5315 306.20 [M+H]" 264.10 261.10 2
8 TBE 13 it e C1,H;3N506S, 7.620 388.10 [M+H]" 141.10 167.05 2
9 FEMER  CHiN,O4S, 7.755 343.05 [M+H]" 311.05 151.15 1
10 [igERED CgHsNsS 7.795 214.20 [M+H]" 96.15 68.15 1
11 1 K C;HuN,0,S 6.788 213.05 [M+Na]®  151.55 89.05 1
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F28)
B (mlz)

F5 EW 3 PR /min - B F AT e (m/z) RN 1 PR/ (ng/kg)
12 KR C1oH;2N,058 7.892 239.10 [M-H] 197.00  132.05 1
13 LNEpAY C,H5NO; 8.137 222.10 [M+H]" 123.10 165.10 1
14 PR CisHy NO, 8.821 280.10 [M+H] 248.10  220.15 2
15 HHER C5H,NO, 8.810 280.10 [M+H]" 192.20 220.20 2
16 P C,1Hy05 10.005 329.00 [M+H]" 268.30 161.10 2
17 & TR G C1,H¢FoN,0, 10.215 247.10 [M-HT 126.15 180.20 2
18 K _HEE C,H5CINO,S 10.409 275.55 [M+H]" 168.20  244.10 2
19 FhEG C1oH oNsS 10.531 242.20 [M+H]" 200.20 158.10 1
20 % AT i CyH7N;05 10.673 404.10 [M+H]" 329.00  372.05 2
21 I C7H;3C1FN;0 10.781 330.10 [M+H]" 141.10 12120 2
22 TR TR P e CisH2FsN;0 10.833 382.10 [M+H]" 279.25 362.05 2
23 G e e C16H2CIN;O 11.051 308.10 [M+H]" 125.00 70.10 5
24 PP A o 5 C:HasN,05 11.160 369.20 [M+H]" 313.10 149.10 2
25 AU TR Pk e Ci6H, CIFeN,O 11.223 397.10 [M+H]" 208.10 173.10 2
26 o A ik C14HoCIF,N,0, 11.307 309.10 [M-HT 156.15  289.05 1
27 TR C7H,6FsNO, 11.452 324.10 [M+H]" 242.00  262.10 1
28 SN B C15sH,,CINO, 11.488 284.10 [M+H]" 176.20  252.10 1
29 RN L C15sH,,CINO, 11.495 284.10 [M+H]" 73.10 224.05 1
30 AR CsH,CINO, 11.517 283.65 [M+H]" 176.2 252.25 1
31 R TR ik C14H,Cl3NOs 11.935 360.00 [M-H] 195.00 316.00 2
32 iAELUIN CoH},CIN5O, 12.336 256.05 [M+H]" 209.05  175.10 5
33 2 ik FHY B s C19H,C1,N;0; 12.373 406.10 [M+H]" 337.05 251.00 5
34 TS T T s C1H,5CLN;08 12.067 343.70 [M+H]" 154.15 326.00 2
35 SRR e 1 ik CisH,oCIF3N,04S 12.561 437.00 [M-HT 286.10 195.15 2
36 L St C14,H,NO,PS 12.626 332.10 [M+H]" 121.10  230.95 1
37 I 1A Pk 741 il C19H sN;0,Cl 12.769 387.6 [M+H]" 163.15 194.15 5
38 F Uk C1,H,5N,05PS 12.949 299.00 [M+H]* 129.10 77.10 5
39 EREGEMEARR  C6H;CIF;NO, 13.221 376.10 [M+H]" 91.15 315.95 2
40 SR R AR R CisH5CIF;NO, 13.286 376.05 [M+H] 288.05 316.00 2
41 Efi gl Cy,H,7CIF;N;0; 13.351 528.10 [M-+H] 292.95  249.10 1
42 TEMERR C19H,,CIN,0O,4 13.530 373.10 [M+H]" 91.05 299.05 1
43 MR R C1oH7CIN,O, 13.562 373.00 [M+H]" 91.20 299.05 1
44 AR NE C7H»NO;S 13.998 326.20 [M-H] 133.95  238.10 1
45 FET R CoH,,0,PS; 14.180 289.00 [M+H]" 57.10 103.15 1
46 TR C6H14C1,0;5 14.189 341.90 [M+NH,]" 69.10 158.95 1
47 KEMEFERFLR C19HyF;NO, 14.278 384.20 [M+H]" 328.10  282.20 1
48 ZHR C13HoN;0,4 14.489 282.20 [M+H]" 194.00 212.05 1
49 N P C6Hy0F3N;08 14.884 385.00 [M+NH,]" 324.20 321.10 5
50 BT 24 T 2 CysH7,014 15.522 895.50 [M+Na]" 751.50 449.30 1
51 RRANEY C2H1,N,058 16.896 381.20 [M+H]" 160.10 118.10 5
52 DA R T CoH;5sFN,0, 17.158 355.28 [M+H]" 79.20 107.18 5
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F3 TEEF 2 MRANEHEKE. BEE(=6)
Table 3 Rrecoveries and RSDs kinds of 52 Kkinds of pesticide in peanuts (n=6)

JbREE(10 pg/kg)

P latgy]
1 2 3 4 5 6 ST % RSD/%
1 R 77.8 87.2 87.7 90.6 88.2 89.9 87.5 4.9
2 a-ZR R 75.6 84.4 67.0 74.9 84.6 73.5 76.7 6.8
3 ZWR 81.2 78.5 84.0 97.6 73.2 76.2 81.5 8.9
4 IgE HU R 76.9 84.6 87.2 96.0 88.1 84.7 86.3 6.2
5 [EER: 84.7 88.4 92.3 85.4 82.1 75.7 84.6 5.6
6 P IR B A 72 84.0 87.2 109.5 91.4 90.0 88.0 91.7 9.1
7 FR A IR RS0 86.2 84.3 82.4 108.5 90.4 89.2 90.1 9.5
8 WE WY e 96.8 95.0 95.7 98.4 107.4 98.9 98.7 4.5
9 ARG P R 109.3 99.8 86.8 96.4 95.4 92.0 96.6 7.6
10 Y FL 75.7 90.7 90.4 105.5 92.0 93.4 91.3 9.5
11 0P 90.7 91.4 75.5 88.0 102.6 89.4 89.6 8.7
12 KB 106.6 84.7 89.3 90.8 93.4 943 932 7.4
13 LA B 85.7 91.3 92.8 110.2 95.5 96.8 95.4 8.2
14 FHHER 97.0 96.3 112.6 99.5 99.8 87.2 98.7 8.2
15 AR 88.5 95.6 97.5 113.7 98.7 98.4 98.7 8.2
16 P 98.4 99.0 111.7 94.3 95.5 86.6 97.6 72
17 % T i 84.1 82.6 97.8 81.0 83.2 71.3 83.2 8.5
18 Iy i 100.7 88.1 85.6 84.0 84.2 82.0 87.4 6.8
19 FhE 97.6 94.1 108.6 93.7 93.8 84.1 95.3 7.9
20 W TR T 81.0 78.6 79.7 93.5 88.1 80.6 83.7 5.9
21 I 90.6 100.1 102.5 95.7 97.8 85.9 95.4 6.3
22 SRS TR 5 fie 85.7 96.1 102.1 87.8 90.7 70.8 88.9 10.7
23 A 67.8 74.8 79.7 86.9 95.8 84.2 81.5 9.8
24 FH SR 98.5 93.2 96.7 109.8 96.3 98.1 98.7 5.7
25 SN TR 15 M 98.6 98.3 107.4 942 82.5 86.1 94.5 9.1
26 B UK 106.5 105.1 115.4 102.9 88.2 96.1 102.3 9.3
27 SR 1123 98.2 105.2 98.8 88.4 93.1 99.4 8.5
28 L LN 100.1 100.2 107.5 112.3 91.4 93.2 100.8 8.1
29 SN 102.1 99.1 106.8 110.3 99.7 96.2 102.4 53
30 5 9 B 91.3 85.6 96.0 105.3 94.7 94.2 94.5 6.5
31 IR B 88.4 91.7 97.3 95.5 82.6 82.3 89.6 6.4
32 M, H ok 86.7 88.4 96.3 85.3 82.6 89.5 88.1 4.7
33 IR Tk R B 96.4 90.7 98.3 91.5 80.6 84.3 90.2 6.9
34 P T, T e 62.3 72.1 85.5 86.4 81.2 78.3 77.6 9.1

35 SR JH P gk 96.0 104.9 112.4 109.5 108.7 108.4 106.7 5.7
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= 3(8)
JFRE(10 pg/ke)
b sl
1 2 3 4 5 6 FH IR % RSD/%
36 FR 3L M 90.2 89.7 103.4 105.6 104.7 98.3 98.6 7.2
37 ML A Tk TR T 77.6 76.8 86.6 87.9 89.9 93.5 85.4 6.8
38 F U 90.4 82.3 78.1 76.4 64.7 66.3 76.4 9.7
39 TR AR R R 99.5 102.4 101.7 95.1 94.2 95.7 98.1 3.5
40 RN R R 88.3 90.6 98.1 98.7 99.4 97.5 95.4 4.8
41 Efi gl 89.0 80.3 94.5 98.4 97.8 96.1 92.7 6.9
42 i 97.6 87.7 95.8 80.4 95.8 99.1 93.2 7.5
43 MR R 95.2 96.7 96.5 78.0 96.5 102.8 94.3 8.4
44 I AR 0E 83.7 79.6 94.6 99.9 96.7 99.4 92.3 8.7
45 LSRR 98.1 100.5 99.8 112.9 116.2 117.9 107.6 9.1
46 T 86.2 101.6 109.3 110.2 83.6 97.7 97.9 11.2
47 HE LSRR B R 88.7 92.3 102.9 109.6 90.5 94.4 96.4 8.2
48 THR 93.6 91.7 82.4 81.6 86.1 88.2 87.3 4.9
49 M WAE A fie 81.2 85.3 85.4 98.7 104.5 106.4 93.6 10.8
50 Bl 2t T 2% 97.9 71.6 97.2 77.7 99.3 97.5 89.4 12.3
51 RRTANEY 80.3 86.4 78.2 84.7 68.5 61.2 76.6 9.8
52 PR R B 90.3 95.6 73.9 71.0 90. 92.8 85.7 10.4

23 FEEFIIE
231 KMWEE. MEAHK. ZER. DKESHEE
FHZS 1A AR A R BT TR AR Sy V8 50 1 48 B o LA D 42
W, RIS, DLESRI0 BT X (ug/mL)
AspR, WETEFR Y ARzl TR 2 25 R IR 52 Fhge
TE 0.001~0.1 pg/mL JWFINZNEREF, HIXRBOYKRT
0.996. M 52 FIRZ LOQ A 1~5 ngkg. GB
2763—2019 HHLE MR R A AR FR AR HEN 10~200 pgrke,
A5 TS AR R O 2 4G AR TP BARE A, BT AR REN
AT 10 pg/kg IARKT-H SRS, TATIRE 6 1K,
7B B2 76.4%~107.6%, RSD N 3.5%~12.3%, 5%
JEE RS A 5 A DGR
2.3.2 FsuAdm
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3 wgSiie
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R R T T v M I VAR R KT, B TR AL
o AUTENL R IEFERE . R RA, & T A
ARG BR B B DE R A AT, DA A A T RS MR SR T —
A TR TBE, e b2 A BRI A 2 PR

SE 0
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