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Simultaneous Determination of 46 Pesticide Residues in Tomatoes by
QuEChERS Method Combined with Gas Chromatography-Mass
Spectrometry

XUE Xinhua', LI Tingting’, LIU Pan?, ZHOU Li*", REN Xingquan?’, WANG Rong’

(1.Jiuquan Vocational and Technical College, Jiuquan 735000, China;
2.Jiuquan Food and Inspection Test Center, Jiuquan 735000, China)

Abstract: An analysis method for simultaneous determination of 46 kinds of fungicides and insecticides residues in
tomatoes by QUEChERS method combined with gas chromatography-mass spectrometry was established. The samples were
extracted with acetonitrile, then purified up with PSA, C,; and anhydrous MgSO,, separated by a HP-5MS chromatographic
column, analyzed using multiple reflection monitoring (MRM) mode, and quantified by matrix-matched external standard
method. The result showed that, the 46 kinds of pesticides showed good linearity when they were in 0.005~0.500 pg/mL
(R>>0.999). The limits of detection of the 46 kinds of pesticides were in 0.07~2.63 pg/kg, and the limits of quantitation were
in 0.21~8.39 pg/kg. The average recoveries were 70.40%~115.08% with the relative standard deviations of 0.22%~4.89% at
the spiked levels of 0.0025, 0.025 and 0.25 mg/kg. Residues of chlorpyrifos and azoxystrobin were detected in 9 of the 50
batches of tomato samples, with the content ranging from 0.0043~0.0365 mg/kg, which did not exceed the limit value
specified in GB 2763-2021. The method was rapid, simple, sensitive and accurate, which could meet the detection of
multiple pesticide residues in tomato.
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BN S kdh . JOKERIREE  srbral, RIEETTRME
RRAE2ZARFA BRA Al FPEERREN . AT A 4N 47
Brali, REECE 2GR 28 vl & e-N-TH Sk b
(PSA)40~60 pm  Biosun 2\ &]; A1 82 {LHR 2 (GCB)
40~60 pm  H BEHEEF M BG BR A7 C g 40~
60 um Agilent 2\,

TRACE1310+TSQ8000Evo — T 58 I DU A<,
AH TS BRI BT AL FEBR CHRBHL (TP ED A
BRZNH]; PL602E/02 BRUMEHER T Hgdrd-FEF] 2=
A ESCEE) A RN F]; Vortex-Genie2 IR EIR G
% [ Scientific Industries 23 7 ; Quintix2102-1CN 5
R TRE DL KD SEFRETA A F] .
1.2 SLWHE
1.2.1 FESHATAREE 2% GB 23200.113-2018 B4R
WETT VRO, i 25 A A RE S FE S IR T AR, ERFRFRER
10 g AL ST 50 mL 2504, TR WA %0
A 10.0 mL 2. )i, 2000 rrmin”' F iR iE#ETH 10 min,
PN 2 g EALEN. 4 g BRFREE . 1| g FrEIRENF1 0.5 g
PR S AR R ZNPRY% 2 min, F-LL 8000 r/min Ay
FEE.0s S mine MERAREN ISR 3 mL LA R4
& H, 2000 rmin ' T % BE PR 5 2K B 3 min, F LA
8000 r-min~! B.0» 5 min, F5EE _EFEW 1 mL,
AR BN TIEHOHROERER, 42022 um
HLIE BT 98 J5 A F GC-MS/MS 5 . Al AbF Zs
FHRE, 52 P BB T -
1.2.2 PRuAERFIBCH] 5 5 e B AR 25 s ME T TR
(100 pg/mL)0.10 mL T 10 mL Z&&EI¥H+, HZ R Z
lgsE S B 20, 155 1 pg/mL FYIR-SHRUE RIVA TR,
F—18 C vkFa I #OCIRAF . HETRIBUR &R
HEHP (A, FH 2018 2L TR Be S B2 435314 0.005 .
0.010. 0.050. 0.100. 0.500 pg/mL [ 4 245 IR & Fr v
BBH) . WEHL 6 5 FR R 1.2.1 £ 025 1 RIS K
1 mL, HAESRZEZW T, Frm s lin A 1 mL &
YR G IR AE R YV S0, FCH S IR G AR ME &R
B Lh 46 Fivfe 225 i B BTAR M 5240 1) o1 d8 e B Sl Ak
ABRR, A5 25 100 5 e B T X IR G TR R AL bR, 2234
HRAERTZR
1.23 g fF  Ai%fE: HP-SMS(30 mx0.25 mm,
0.25 um); FEFEFHE: 40 °C 45 1 min, LA 40 °C/min
FHIEZE 120 °C, L 5 C/min FFIE = 240 °C, LA
12 °C/min JHEZE 300 °C, 445 10 min; 28 =4i=
R(EERESN 99.999%); Tt 1.0 mL/min; A% HREE
300 °C; ANOyriadtee, #RERE 1 pl; RS el



544 5 41

BEFIAE , %: QUEChERS-SAH I ER IS Bk FRNE T imh 46 Fhk 25584

-+ 339 -

(2liFER 99.999%) o
1.2.4 gt BmEsr=t B TR, 70 e Vs
B TIRHRE: 280 °C; fEHmLRIREE: 280 °C; £ 7 =:
Z ) VW (SRMD ; #EFIZER 5.0 min
1.3 HIEAIE

% TraceFinder Z{4FANFEEIE, FH TraceFinder
F1 Microsoft Excel 2010 A4 Eda I -VERE -

2 GEREDH
2.1 ERFEHRK

R FH AR A B AR 25 BOFRUAE fly 73 531 A T4
i, HAE 46 FhAR 25 B0 L/ B8 1] 18], JFAE BTk [ v st £%
I ELS ey AR B 1S RS 1, B i

A REE S IRE RN TE T, 5SS THEESE
FXFAEPER TXF . 2 1 R 46 PR Z54H stk
PREFE[A] . a2 a2 FXT . 2 P 0T ARl 4 R 2
&l 1A 46 P2y B2 i .

2.2 BIRCIBRMEL

2.2.1 RBUAEFIAIEEE AR AT ARG I A% AL 250 1
FEMASE il B P SR, SRR T T 2 PR BUA ST . AR SCS IR
ZEPRAEPY IS A SR, B IE T . TN . 4R 2
i . ZAEVEAERBOEFR, LUIMA 1 mg/kg R251RFR
TR AT S, B RIS A 24547
B8 AR BURR:, 45 RN 2 A, 46 Ak 257EIEC
Be. PR . PR 2.6 . LG T B3 [BLKCGR 45 51 R

I PR B B DO MR i A RS, AP E 1~2 82.97%. 85.39%. 70.58% Al 97.33%., W2 Z Mgk
1007
904

~ 801 I

S 704

Z 607

= 503 )

= 303 . I

= 203 . ) .

I S | lua’d l i HJ Al Llul Ll lllj H P
0 2 4 6 8 100 12 14 16 18 20 22 24 26 28 30 32 34
AR EA ] (min)
Bl 1 FaaETT 46 PRk 25IR S FRER R M BB T E
Fig.1 TIC of 46 pesticide mixed standard solutionsin tomato matrix
1 46 PR LR BRI R BT 454
Table 1 Retention time and mass spectrometric parameters of 46 kinds of pesticides
s £z L BB ] (min) JE B X R (e V) FEME BT MR (e V)

1 FH it (Methamidophos ) 6.64 141.0/95.0 6 141.0/79.0 14
2 ##HE (Dichlorvos) 6.84 109.0/79.0 6 184.9/93.0 10
3 LT e (Acephate) 9.88 136.0/94.0 10 136.0/42.0 6
4 SRR (Omethoate ) 12.99 109.9/79.0 16 155.9/110.0 6
5 K £ (Ethoprophos ) 13.77 157.9/114.0 6 157.9/97.0 16
6 F$8% (Phorate) 14.99 260.0/75.0 6 230.9/128.9 24
7 IR (Dimethoate) 15.68 86.9/46.0 14 142.9/111.0 10
8 I3 TR (Fenpyroximate ) 15.95 142.1/77.0 12 213.1/145.0 10
9 LA HZE (Pentachloronitrobenzene ) 16.57 236.9/142.9 30 295.0/237.0 20
10 %55 % (Pyrimethanil ) 16.96 198.0/183.1 14 198.0/118.0 34
11 W (Diazinon) 17.19 137.1/54.0 20 137.0/84.0 10
12 SR (Isazofos) 17.66 161.0/119.1 6 161.0/146.0 6
13 FUR IR (Flufenoxuron) 17.85 126.0/98.0 10 305.0/126.1 22
14 BUUF B (Pirimicarb ) 18.17 238.0/166.2 10 166.0/55.1 20
15 FH L X657 i ( Parathion-methyl) 18.90 262.9/109.0 10 232.9/109.0 10
16 35 K4 (Ametryn) 19.27 227.0/58.1 10 227.0/170.1 10
17 56 % (Fipronildesulfinyl) 19.43 388.0/333.0 14 333.0/231.0 26
18 AR (Fenitrothion) 19.98 277.0/260.0 6 277.0/109.0 20
19 A3 AL (Phoratesulfoxide ) 20.27 96.9/64.9 20 199.0/142.9 10
20 380 (Phoratesulfone ) 20.58 124.9/96.9 6 153.0/97.0 5
21 F7JE M (Chlorpyrifos) 20.79 196.9/169.0 16 198.9/171.0 14
22 15 1L 1% ( Thiamethoxam ) 21.50 182.0/139.1 8 212.0/125.0 8
23 W% TR B % (Cyprodinil) 21.72 224.2/208.2 20 225.2/224.3 10
24 JX TR (Penconazole) 22.02 248.0/192.1 14 248.0/157.1 24




- 340 - 5 Tk BB 2023 4F 2 H
gk
¥ 12 2 B4 B ] (min) FE B TR il (e V) FEPER TR filifE L (e V)
25 S WE 0 (Fipronilsulfoxide) 22.19 350.9/255.0 16 353.0/257.0 16
26 FRHLE (Fipronil) 22.45 366.8/212.8 24 368.8/214.8 24
27 J&5 %] (Procymidone ) 22.65 96.0/67.1 10 96.0/53.1 14
28 A3 (Flutriafol ) 23.55 219.1/123 12 164.1/95.0 26
29 CL Wi (Hexaconazole) 23.82 231.0/175.0 10 256.0/82.1 10
30 JEEmE (Tmazalil) 23.88 214.9/173.0 6 216.8/175.0 6
31 1% B i (Fludioxonil) 2431 248.0/182.1 10 248.0/154.1 20
32 i Bk (Myclobutanil ) 24.55 179.0/125.1 10 179.0/90 30
33 LB B (Fipronilsulfone ) 24.78 254.9/228.0 12 382.9/254.9 18
34 =M (Triazophos) 26.48 161.2/134.2 6 161.2/106.1 10
35 Jl5 Rl ( Trifloxystrobin) 27.29 116.0/89.0 14 131.0/89.0 30
36 SR (Epoxiconazole ) 28.12 192.0/138.1 10 192.0/111.0 24
37 W I (Phosmet ) 28.61 160.0/133.1 10 160.0/77.1 20
38 TR kTR (Bifenazate) 28.86 258.1/199.1 10 300.1/196.1 16
39 2.1 (Etoxazole) 29.04 141.1/113.0 16 141.0/63.1 30
40 R A& (Phosalone ) 29.63 182.0/111.0 16 182.0/102.1 14
41 SAARMEE B (Fenarimol ) 30.26 219.0/107.1 10 251.0/139.1 10
42 ki 3 (Pyridaben) 31.15 147.2/132.2 10 147.2/117.1 20
43 5751k (Fenbuconazole 31.68 197.9/129.0 6 128.9/102.1 6
44 I Bt 7 ¢ (Boscalid ) 32.08 140.0/112.0 10 140.0/76.0 12
45 FEHUK 44T (Flucythrinate ) 32.25 156.9/107.1 14 198.9/157.0 10
46 T 14 i ( Azoxystrobin ) 34.41 344.1/172.0 36 344.1/329.2 12
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Fig.2 Effects of different extraction solvents on the extraction efficiency of 46 kinds of pesticide compounds
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B3R WA RS T TP, H2 GCB R HAT
FREREIZSTCER, S P A A X PR PEZH S5 A 25124,
JoK MgSO, FEH TR A 7K 45, (B2 J0K
MgSO,, WK 52 R A, (A il B T H s, i
PAFRE A2 53 i, RO ISR 2 REAR . R,
RIS B G S P I I ST A R, 1 3 A [H]
HURFFIC LY QUEChERS 145 (A: PSA 150 mg.
GCB 15 mg., MgSO, 885 mg, B: PSA 150 mg. GCB
45 mg. MgSO, 855 mg, C: PSA 150 mg. C,4 150 mg.
MgSO, 900 mg), Lk 45 FpAfe 24514 [R5 55 b

MR, G5 R ULIE 3. H4E B b 45 Pk 5l
WCRILFEITE 29.4%~85.4% 2 [8], H.EISCRTE 80% LA
RN . S e . FURSE . PRI
FA e, HoAth A 251 &9 0 [BTISCER B 4G, TC10 1
R TR, R AR C YRR IGTIE 60%~100%
ZIEL AR TS A B ERCR 1A 73.7%, 75
C HIEI [ISRIA R T 83.2%, REMLIH B 180 BISR,
P, ARG AT € C M BUDRRNEL L EA TR gk o
23 ERMMN

ASSCAE P IR 1.2.1 §il & I h s 3L VAR
218 2 W % R 43 0 B il B Wk 3 2R 0.005. 0.05.
0.5 pg/mL FYIEFIARE A FIARA, Fl ME kIRt
FRAORE, TS ME=A/B, Hidh A L BbRE Y
M NAE . B M FIPRI RN . 24 ME<1 B, R
FLTRT A3 AT i 8 AT IR INBRE ) 2 ME=1 By, 36
INANAEAEIE TN, 7T A AR HE T Z A AR e 7
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Fig.3 Effects of different purification conditions on the extraction efficiency of 46 kinds of pesticide compounds
H:: 7% A: PSA 150 mg, GCB 15 mg, MgSO, 885 mg; 775 B: PSA 150 mg., GCB 45 mg, MgSO, 855 mg; 755 C: PSA 150 mg,

C,5 150 mg, MgSO, 900 mg,
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Table 2 Linear equations, determination coefficients, matrixeffects (ME), limit of detection (LOD), limit of quatification (LOQ),
recoveries and standard deviations of 46 pesticide residues in tomato

W Nt NS

e P 2 ME LOD LOQ 0.0025 mg/kg 0.025 mg/kg 0.25 mg/kg

(hgkg) (nghkg) [ RSD  MlgH RSD M  RSD

(%) (%) (%) (%) (%) (%)

FP JHiz % (Methamidophos ) Y=2.448¢°X+7.686¢  0.9998 1.70  0.44 1.47 71.2 3.16 74.0 1.16 7892  0.68
F 42 (Dichlorvos) Y=1.326e"X+2.149¢*  1.000 0.74  0.37 1.20 79.6 252 8.0 191 102.64 0.64
LT e (Acephate ) Y=1.266e°X+7.072¢ 09999 127  0.63 2.05 74.8 3.46 71.2 170 98.08 1.22
AR (Omethoate) Y=2.282¢°X+5.797¢*  1.0000 1.43  0.84 3.75 885 489 832 150 9696 0.94
K £k (Ethoprophos ) Y=6.613°X+6.735¢>  0.9999 124  0.24 0.80 82.4 3.89 912 202 9252 178
384 (Phorate ) Y=2.656e"X-1.490¢> 0.9992 1.40  0.25 0.83 89.6 112 936  1.14 89.08 098
SRR (Dimethoate) Y=3.225¢°X+1.808¢” 0.9999 1.15 0.27 0.86 72.4 2.28 788 319 756 115
Mk i 5 (Fenpyroximate ) Y=1.004e"X+1.106e*  0.9999 127  1.13 3.75 71.6 3.16 90.8 092 99.12 022
FASHEA (Pentachloronitrobenzene) — Y=1.538¢°X+9.274e'  0.9995 1.05  0.07 0.21 70.4 4.67 91.2 193 9572  0.61
W FE I (Pyrimethanil ) Y=8.817e°X+1.290¢* 1.0000 1.12  2.63 8.39 72.4 1.57 89.2 2,61 9036 0.54
%W (Diazinon) Y=8.732e°X+7.752¢>  0.9999 147  0.58 1.87 84.0 4.88 99.6  2.13 976  0.56
ST (Tsazofos ) Y=1.218¢"X+1.134¢*  1.0000 1.25  0.21 0.70 89.6 1.12 936 207 986  0.61
L I (Flufenoxuron) Y=6.072¢"X+8.118¢*  0.9990 1.67  0.54 1.76 712 252 980  0.65 7476 0.49
HF R (Pirimicarb) Y=1.510"X+6.519¢>  0.9999 1.17  0.63 2.11 78.8 426  102.8 219 98.04 0.51
FH FE X} 7 (Parathion-methyl) Y=5.143¢"X+7.329¢*  1.0000 1.26  0.59 1.96 912 256 90.0  2.08 10336 0.78
F5 K% (Ametryn) Y=5.113e"X+2.620¢>  1.0000 1.08  0.24 0.80 86.8 2.34 828 336 7524 098
58 % (Fipronildesulfinyl) Y=5.271e"X-2.687¢*  1.0000 139  1.03 3.47 81.2 1.77 752 170 9828  0.63
ARIEHHE (Fenitrothion) Y=6.083¢°X-5.127¢*  0.9998 143  0.11 0.34 108.0  1.66 1008 279 10452 0.77
FP 3 AR (Phoratesulfoxide ) Y=1.547¢"X+5.798¢>  0.9998 1.46  0.24 0.92 70.8 2.46 71.6  1.81 11508 1.64
F $£# 0 (Phoratesulfone ) Y=2.475¢’X+1.845¢*  1.0000 130  0.23 0.90 87.2 1.35 924 274 10068 0.62
AL (Chlorpyrifos) Y=9.468e"X+2.656¢>  0.9999 1.67  0.92 3.05 93.6 2.15 956 295 9836 042
13 1% (Thiamethoxam ) Y=2.154¢"X+2.326¢"  0.9991 0.87  0.95 3.15 89.2 236 1024 275 10044 0.78
5% & 211 (Cyprodinil ) Y=1.009¢’X+1.375¢*  1.0000 1.20 021 0.70 88.0 2.03 93.6  3.04 98 0.63
. (Penconazole) Y=1.228¢"X+8.663¢>  0.9999 1.07  0.41 1.30 712 1.36 90.8  3.51 9772 0.56
S U R (Fipronilsulfoxide) Y=1.174¢'X-9.256¢>  1.0000 1.24  0.84 2.79 88.8 254 772 453 8528  0.86
FHE (Fipronil) Y=2.507¢°X-2.639¢>  1.0000 1.53  1.24 422 82.4 432 103.2  2.87 8356 049
JE % F (Procymidone ) Y=2.898¢'X-9.431¢’ 1.0000 1.21  1.28 428 84.8 4.08 980 200 91.68 0.49
A (Flutriafol ) Y=1.453¢’X+1.208¢"  0.9992 1.07  1.62 5.37 71.2 1.65 73.6 343  88.08 0.75
CL 4§ (Hexaconazole) Y=2.157¢"X+1.310e*  0.9999 1.18  1.80 6.01 71.6 1.24 84.8 338 10192 053
WL (Imazalil) Y=4.173¢"X+4.741¢*  0.9997 134 1.12 347 77.2 327 732 053 7852 288

% 1% (Fludioxonil ) Y=7.497¢"X+1.574¢"  0.9996 137  0.29 0.97 80.0 1.77 81.6 286 936  0.65
Ji5 Bk (Myclobutanil ) Y=1.629¢’X+1.400e'  0.9999 1.09  0.27 0.90 89.6 1.12 984 263 9488 0.56
SR HEBR (Fipronilsulfone ) Y=5.781e"X-4.665¢  1.0000 123  0.61 2.00 85.2 2,15 1024 200 10096 0.72
= (Triazophos ) Y=4.546e°X+4.469¢’  1.0000 1.01  2.01 6.76 78.8 3.61 82.8  3.84 90.68 3.71
FELEFME (Epoxiconazole) Y=2.985¢°X+6.951> 0.9999 126 045 1.55 72.8 225  102.8 038 91 1.75
)15 B i ( Trifloxystrobin ) Y=2.048eX+7.045¢*  0.9999 126  0.36 1.23 816 224 86.8 203 9972 0.54
W i B (Phosmet ) Y=6.772¢°X+8.430¢>  1.0000 1.04  0.89 2.98 74.8 3.67 99.2  3.89 10724 0.68
B S (Bifenazate) Y=3.541e°X+3.877¢>  1.0000 1.57  0.77 2.64 85.6  2.85 912 346 8836 258
21 (Etoxazole) Y=8.530e"X+5.441¢>  1.0000 1.34  0.23 0.80 90.8 1.41 716 227 100.52  0.56
R A\ B b4 (Phosalone ) Y=1.610e"X+6.818¢* 1.0000 1.25  0.73 243 86.8 2.39 804 290 87.68  2.60
SR LE R (Fenarimol ) Y=7.475¢"X+1.907¢*  0.9999 1.18  1.07 3.44 72.0 1.71 103.6 195 100.92 0.61
%1% 52 (Pyridaben) Y=3.459¢"X+5.756¢*  1.0000 1.29  1.12 3.76 86.4 1.95 864  3.01 10024 0.70
4 (Fenbuconazole Y=2.898¢"X+2.990¢°  0.9991 0.95  0.56 1.89 71.2 1.70 828  1.51 8048 3.40
IE Bt TR i (Boscalid ) Y=3.773¢’X+1.146¢° 1.0000 1.16  0.86 2.87 73.6 1.60 740 211 10256  0.67
FF A (Flucythrinate) Y=1.256¢"X+8.626¢> 1.0000 3.36  1.20 4.16 82.8 200 928 412 7188 3.63
W% %% (Azoxystrobin) Y=4.318¢"X+1.285¢*  0.9999 1.17  2.00 6.67 75.2 0.89 840 342  99.84 1.32
24 SRR ORERM. KL HEFR A, 135 46 FhA 25 (0 ARvE 2R, W3 2 s .

RS BOSRCRAAE T7 1k, X 25 A AliRR 46 FAZHTE 0.005~0.500 pg/mL BYHEJE Il N £k
A TERH, AU ZS iR i AP IBGR BT il S ob s KR LS, R AHRT 0.999, LIS 3 f5Eme L
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BEHTAE , % QUEChERS-MI (1 B IR B vk ] F i 46 FR255% - 343 -

TRITEAS S BR, 46 FhAR 24 i Jy 146 L1 BRAE 0.07~
2.63 pg/kg, LA 10 5 45 M b 20K Oy Tk i 2 dek
B, 46 FhAe 25049 J7 ik 2 5 IR 0.21~8.39 pg/kg, 34
{I%F GB 23200.113-2018 PrufEFLE R 0.01 mg/kgh?,
HEAZHHE 2 FE SRR A 2458 B Rrill i e PR 2R
2.5 FERIENEIIEEE

FET AR5 EIIIA 0.0025 . 0.025 . 0.25 mg/kg
AP EE R 46 FRALIHRAR, WRHEIRS) 2 min, #
2 h, # AR 1.2.1 pY2D IR S B TRR ORI A,
AT BEAR 5 IRTATINEE, 13 B &R 2540 53 =14
WIS SR IR 25 B, 45 SR L3R 2. 46 Pk
255% B8 IR IELACRAE 70.40%~115.08% JEFEIPY, #H
SARETRZEAE 0.22%~4.89% TEFEIN . Zoiiie fAG
55 L A 4 B RNV BE A R IA B GB/T 27404-2008
T A 24 55 B ARG e BE SR P01,
2.6 SERREFE@INIE

F AL 4759 QUEChERS Hij &b B J5 15 il GC-
MS/MS ZA4:, X 50 HEI SR 7 RBE 1™ 25 A AR i
AR 25 5% BE A TSI, R 9 HEAE S oA H AR
255 EH o IR O AR S T YA H FESR I, 5 B2 53]
>4 0.0144, 0.0127. 0.0075, 0.0125., 0.0117. 0.0088,
0.0057. 0.0051. 0.0043 mg/kg, Fir 3 HEARE S ]S
HBR TR, S H591o4 0.0365. 0.0278. 0.0112 mg/kg,
(ERA L i 53 BE AR 25 15 0t GB 2763-2021P% R
HERLE M PR E (BE2E MR 0.02 mg/kg. W5 IH BE Sl
3 mg/kg).
3 g

AR NEHEL, PSA . C 5. Jo7K MgSO, i+
1t, HP-5MS 3415525, SR 2 S e sl (MR M) ASE
AR, B DCAC A MR e, N7 T IR A0 e 2
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70.40%~115.08% U [l N, AHXT AR AEMR 228 0.22%~
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