H15% 5 13 B 2 4 T iR A Vol. 15 No. 13
2024 47 H Journal of Food Safety and Quality Jul., 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240308006

WA TG -G e Fe s NI £ 16 Fib
TSR

RAEHE

(bR S A 20 A T/ b e T S5 B IX B e Al rpos, B3 202150)

W E: BR @Rk T . FAEMWALE T 16 MR ZGFEE e ik, BE R
ZMBIRAE, ORGP, $2 UK 2 43 01w AR 2 BGF A 5, SR B RORE €0 1% o 5 306 SO 2, ARk
o BROTE 240 ng/mL HKETLEIN, WAL 16 Rk 2h i Lk Oy A A O R EIITE 0.997 LUE, K
FRk 0.001 mg/kg, E@=FREH 0.002 mg/kg, 7E 0.002, 0.010. 0.020 mg/kg 3 ¥k A B MAR B i 2 - 4 {8
T FEI4> 500 84.1%~113.8% . 85.1%~109.6% . 83.8%~110.7%, 4% FE L4514 0.9%~9.4% . 1.8%~8.9%.
1.0%~8.7%., %5 ATy kEiAbBEIAAE . PREE, KSR . SR R L MR R A
faT AT AL R IR, REAR T HARDD A i BR A S B, R DA ) el e 738 . v 16 FhR 2558 7 .
KB WA OIE-FUE T TR A R

Determination of 16 kinds of pesticide residues in celery and banana by liquid
chromatography-mass spectrometry
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Shanghai 202150, China)

ABSTRACT: Objective To establish a method for determination of 16 kinds of pesticide residues in celery and
banana by liquid chromatography-mass spectrometry. Methods The samples were crushed and mixed, extracted
with acetonitrile, purified by dispersed solid-phase extraction, and determined by liquid chromatography-mass
spectrometry. The external standard method was used for quantification. Results Within the concentration range of
2-40 ng/mL, the correlation coefficients of the linear equations for 16 kinds of pesticides in both matrices were above
0.997, with limit of detection of 0.001 mg/kg and limit of quantification of 0.002 mg/kg. The average recoveries at
concentrations of 0.002, 0.010, and 0.020 mg/kg were 84.1%—113.8%, 85.1%-109.6% and 83.8%—-110.7%,
respectively, and the precision ranged from 0.9%—9.4%, 1.8%-8.9%, 1.0%—8.7%, respectively. Conclusion This
method has the advantages of simple and fast pre-treatment, low detection cost, short cycle, high sensitivity, high
accuracy, and good precision. The limit of detection and limit of quantitation of the target substance are reduced while
simplifying the pre-treatment. It can simultaneously determine 16 kinds of pesticide residues in celery and banana.
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Table 1 Gradient condition

B[] /min Al% B/%
0 95 5
1.5 85 15
2.0 50 50
10.0 30 70
12.0 30 70
16.0 5 95
20.0 5 95
21.0 95 5
25.0 95 5

1.3.4  JFrgml 2 &
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ESI); 4= I8 R [ 44 2
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Table 2 Retention time and ion parameters of 16 kinds of pesticides

e S EAYN B FE B F/RLERE eV FEMTEE F/REERE eV i fE BE/eV 225 (5 B 15} 6] /min
1 I5E H i ESI+ 250.1>169.1/9 250.1>132/17 9 5.93
2 A5 B 55 S A ESI+ 295.1>280.2/18 295.1>109.0/34 17 8.99
3 fE BRI ESI+ 311.1>124.9/25 311.1>279.1/17 17 9.51
4 B el STV AN ESI+ 277.0>199.1/5 277.0>152.9/13 5 10.17
5 FHPEBEN ESI+ 293.0>97.0/45 293.0>115.1/33 33 10.51
6 SR ESI+ 248.1>129.1/17 248.1>93.1/44 17 11.23
7 TP ESI- 387.0>351.1/13 387.0>282.0/37 13 15.64
8 Jit A s ESI+ 337.1>70.2/21 337.1>125.0/37 37 15.92
9 UG ESI- 435.0>330.1/13 435.0>250.0/25 13 16.19
10 TR B ik ESI- 419.0>262.0/33 419>383.1/9 9 16.46
11 TR LT ESI- 450.9>281.9/29 450.9>415.1/17 17 16.89
12 FE B ESI+ 279.1>169.0/17 279.1>246.9/9 9 17.01
13 M A ik 41 i ESI+ 388.2>194.1/9 388.2>163.1/25 9 17.35
14 FH P ESI+ 261.2>75.3/9 261.2>46.9/49 9 17.62
15 2 ik Y B ESI+ 406.1>251.0/25 406.1>337.1/17 17 17.76
16 TN TR ESI+ 373.1>303.0/17 373.1>345.0/9 9 18.40
3 2 3 4
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Fig.1 Characteristic ion mass chromatogram of 16 kinds of pesticide mixtures
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Table 3 Linear equation, correlation coefficient of 16 kinds of pesticides

SURE| TR wH
R HK AR X F B BT X F B
1 WE 1% Y=1632.553389X+6319.795814 0.9998 Y=1744.869939X-1607.770274 1.0000
2 A5 AL 1 I Y=790.708629X-924.38768 0.9973 Y=822.144317X-1018.535241 1.0000
3 BB Y=1972.120797X-873.870231 1.0000 Y=1980.584805X-2386.141665 0.9998
4 FF L 1 0 7N Y=8454.539345X-3703.183541 1.0000 Y=8285.501258X-2851.533318 0.9998
5 EES 27T Y=1989.560139X-878.404059 0.9999 Y=1878.629380X-90.390353 0.9995
6 Sk Y=19900.0318136X+30890.447404 0.9976 Y=20751.637845X+25814.434459 0.9974
7 S G Y=2102.453392X-605.753452 0.9998 Y=1727.288092X-191.224286 0.9998
8 it A e Y=1484.174975X-6484.672189 0.9999 Y=1475.121404X-3854.696038 0.9998
9 FEHLE Y=795.005321X+1800.814789 0.9981 Y=801.721607X+1620.870874 0.9984
10 G LTS A Y=1288.901845X+973.126213 0.9988 Y=1261.410797X-261.164677 0.9998
11 SR IR Y=1312.284987X+463.953281 0.9991 Y=1097.655800X-712.113508 0.9999
12 TR Y=822.978094X-1276.362702 0.9998 Y=633.235851X+2788.622780 0.9996
13 EE e Pk T Y=10623.711955X+870.027969 0.9999 Y=8776.164670X+19488.822008 0.9991
14 A PEwE Y=788.061558X-379.384894 0.9997 Y=582.820607X-111.147412 0.9986
15 IRk B FR g Y=2909.501100X-13017.041853 0.9997 Y=2402.365123X-6902.406934 0.9995
16 SRRz Y=1364.612071X+515.158177 0.9991 Y=1144.828863X+2963.965706 0.9994




55 13 3]

SR O - B TA I E R FIAR AR 16 Bl 255k 245

R4 16 R ZMNIRILIE BT R FE IR E R E (n=6)

Table 4 Recovery rates and relative standard deviationd of 16 kinds of pesticides in celery and banana (n=6)

s FH
S EAYN WM B /(mg/kg)
BT 3 /% RSDs/% B3 /% RSDs/%

WE 51 i 0.002/0.010/0.020 86.7/108.9/102.1 5.7/3.8/4.1 104.5/97.4/110.6 2.2/2.8/1.1
A5 A BN 0.002/0.010/0.020 99.2/101.9/98.0 2.4/4.5/1.7 104.5/90.3/101.2 6.5/7.3/5.3
FE BB 0.002/0.010/0.020 107.1/107.9/98.0 1.9/2.4/5.3 96.7/94.0/104.9 3.92.7/1.7
LEEE BT AT 0.002/0.010/0.020 113.8/109.6/93.9 2.7/2.2/4.9 95.8/90.1/103.6 5.5/2.4/1.0
FH PRI 0.002/0.010/0.020 110.7/106.8/94.3 2.3/5.2/4.3 103.7/94.5/106.6 0.9/3.5/1.9
A 0.002/0.010/0.020 87.5/90.0/87.6 4.5/5.3/1.6 91.2/92.8/106.9 9.1/3.4/1.9
i 0.002/0.010/0.020 105.4/107.6/94.0 2.1/3.6/6.2 98.6/98.1/105.0 2.5/6.112.5
it A 0.002/0.010/0.020 94.7/99.1/94.1 3.7/2.6/3.9 94.5/94.9/110.7 5.9/2.4/1.8
U 0.002/0.010/0.020 96.3/105.3/100.3 6.5/1.8/4.3 85.3/98.9/98.9 6.1/6.9/4.1
I U B ik 0.002/0.010/0.020 101.9/102.9/98.1 2.4/3.9/5.1 100.7/98.0/98.6 3.0/5.2/2.0
T HUER 0.002/0.010/0.020 102.2/108.1/99.2 2.3/3.9/2.6 93.9/92.9/100.8 2.4/7.71.8
i 0.002/0.010/0.020 106.2/101.8/90.2 4.6/5.9/8.3 89.0/107.4/110.6 7.8/4.2/2.0
N Pk T 0.002/0.010/0.020 100.9/104.0/88.9 3.0/3.7/4.2 96.3/108.4/103.5 8.1/3.4/2.0
SiEER0 0.002/0.010/0.020 93.6/85.1/83.8 5.3/3.5/7.4 93.6/106.9/108.5 9.4/8.9/2.4
E NN 0.002/0.010/0.020 85.5/91.0/84.2 4.5/5.5/8.7 84.1/98.8/106.3 3.7/2.8/1.8
IR 0.002/0.010/0.020 105.2/107.2/96.3 1.3/3.5/3.6 106.6/103.0/99.0 2.8/6.3/4.9

T AXTHRE (R 22 (relative standard deviations, RSDs).

2, BIRNIE S 16 Rk 205K 3 T A 6
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FR & 0.001 mg/kg, =& i BE°A 0002 mgke, 5 GB
23200.121—2021 0L, BT BP0 e Gi i, Hemigs]
TAERIERTAEER A (R, 3800 TR I 7 Ik RO . s
ISR, ATr ik RE B R . R I A] LA B 900

FEYR, £54 GB/T 27404—2008 FURLE, T LASE B[R] I
TETR . BHETP 2R 255 R I B W MG TR, R
HAFIZE MK IR | B3R IL T AR 20k B I e SRS 2 0,
Sh e XN FHAR ™ 2 4 WS 1A IR 4 i B9 R I
fikl, A RO 55 WA R T R AT T i AR S

SE

(1] 00 e, TR FTMASCLE £ it B AR 2 A v R B IS 0], T it
R, 2023, 39(10): 98-100.
LIU YF. Study on the application of GC-MS in the detection of pesticide
residues in food [J]. Clean World, 2023, 39(10): 98—100.

[2] &M, F&E, KRB, S AR R GTEORE ). (LT,
2023, (23): 27-29.
LI P, WANG T, ZHANG AlY, et al. Key points of food pesticide residue
detection technology [J]. Chem Eng Manag, 2023, (23): 27-29.

[3] PRAHR. iRl A 25 5% B AGHIN TA Ay PRSI RE SCR AR SRR B[]
PR A Eh, 2023, 29(16): 157-160.
CHEN DX. Research on practical significance and related technology of

pesticide residue detection in food detection [J]. Mod Food, 2023, 29(16):

157-160.
[4] FRMERE. Bodh A 255 B N EAG IR PRLT]. RG220, 2023, 25(1):
12-22.



246

B dn 2 A R R A

1 5%

[10]

(1]

[12]

[13]

QIAO XW. Review of risk assessment of pesticide residues in food [J].
Chin J Pest Sci, 2023, 25(1): 12-22.

B, TMERE. R T AR R AR 2GR AR R DL AT ). A2
4R, 2023, 25(6): 1206-1221.

ZENG J, QIAO XW. Analysis of excessive pesticide residues in
vegetables and fruits in China in recent years [J]. Chin J Pest Sci, 2023,
25(6): 1206-1221.

BFHX, hd—, KM, 5. QUEChERS-HPLC-MS/MS X [mmHI5E K
e 38 P 25 AYFR A [
LIANG XM, ZHANG WY, ZHANG W, e al. Simultaneous

1. EAREEE, 2020, 41(8): 288-296.

determination of residues of 38 pesticides in fruits by QuEChERS
combined with high performance liquid chromatography-tandem mass
spectrometry [J]. Food Sci, 2020, 41(8): 288-296.

BAZR, FHARE, RO R OO (- AR BT R A 42
ARZGFL A I]. EE A ARG IR, 2021, 12(9): 3635-3641.

HU C, TANG JM, XIE BY. Determination of 42 pesticides in fruits by
ultra performance liquid chromatography-tandem mass spectrometry [J]. J
Food Saf Qual, 2021, 12(9): 3635-3641.
ETE, KNAED. L AR BT HE R[], AR S Tk,
2023, 30(4): 55-58.

LI YY, LIU WB. Research progress of food safety detection
technology [J]. Cere Food Ind, 2023, 30(4): 55-58.

TR, skl ARZGHE BRI BT £ AR TN s A SR A AT ).
Shai 450, 2023, (28): 156-158.

WANG XF, ZHANG ZW. Application analysis of pesticide residue
detection technology in food detection [J]. Chin Food Saf Magaz, 2023,
(28): 156-158.

SEHAE, RETE, PR, A UM ERS-BUSEI
RZGFRAI]. & TR, 2020, 41(16): 227-231.
CHAO GM, ZHAO SJ, CHEN K, €t al. Determination of 11 kinds of

SRR B 1L

pesticide residues in apple and tomato by gas chromatography-mass

spectrometry [J]. Sci Technol Food Ind, 2020, 41(16): 227-231.

FH 45 JR\. QUEChERS ¥k -UPLC-MS/MS ¥ & Z i vh 19 Fh e 25 5%

I, & ahEHE, 2022, 47(10): 299-305.

TIAN JF. Determination of 19 pesticide residues in mulberries by

QuEChERS purification-UPLC-MS/MS method [J]. Food Sci Technol,

2022, 47(10): 299-305.

RUAESC, MFRE, BRdtaie. QUEChERS-#A i R HOMH (iR I B i 1k
SEARM AR 47 P25 B [/OL]. £ b Tl BHH

https://doi.org/10.13386/j.issn1002-0306.2023050213

: 1-16. [2024-02-23].

LIU HW, DENG MQ, CHEN BY. Determination of 47 pesticide residues
in tea by QUEChERS-ultra high performance liquid chromatography-
tandem mass spectrometry [J/OL]. Sci Technol Food Ind: 1-16.
[2024-02-23]. https://doi.org/10.13386/j.issn1002-0306.2023050213

YANG BX, MA W, WANG 8§, et al. Determination of eight neonicotinoid

insecticides in Chinese cabbage using a modified QUEChERS method

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

combined with ultra performance liquid chromatography-tandem mass
spectrometry [J]. Food Chem, 2022, 387: 132935.

LEE J, KIM JH. Simultaneous analysis of fenthion and its five metabolites
in produce using ultra-high performance liquid chromatography-tandem
mass spectrometry [J]. Molecules (Basel, Switzerland), 2020, 25(8): 1938.
B, BN, TRE, . BRSO G- B B E AL R
TR ORI BN 2 R R R[], B ZY, 2023, 22(5): 67-71.
CUI JR, DONG FS, XU J, et al. Determination of chlorobenzamide and
docomycin residues in cauliflower by ultra performance liquid
chromatography-tandem mass spectrometry [J]. Mod Agrochem, 2023,
22(5): 67-71.

VALERA-TARIFA NM, SANTIAGO-VALVERDE R, HERNANDEZ-
TORRES E, et al. Development and full validation of a multi residue
method for the analysis of a wide range of pesticides in processed fruit by
UHPLC-MS/MS [J]. Food Chem, 2020, 315: 226-304.

FRAYE, WOAR (3% BRI AR I M B A 255% B1 [0]. B
Rl4%, 2023, (21): 187-190.

ZHANG SY. Determination of pesticide residues in greenhouse vegetables
by liquid chromatography-mass spectrometry [J]. Mod Agric Sci Technol,
2023, (21): 187-190.

SONG N, MIYOUNG Y, TAE GN. Multi-residue analysis of 203
pesticides in strawberries by liquid chromatography tandem mass
spectrometry in combination with the QUEChERS method [J]. CYTA: J
Food, 2019, 17(1): 976-987.

S, TRE, AR, SF UM @S- BSE Pk
Rl 2R 0], SR, 2021, 46(8): 284-288.

CAI YB, DING P, WU WY, et al. Rapid determination of 7 pesticide

WE AR 7

residues in edible vegetable oil by gas chromatography-mass
spectrometry [J]. Food Sci Technol, 2021, 46(8): 284-288.

TEK, TR, R, S5 RIIRIER S 225
PN AR HERE ()] S HrilisaEdk, 2023, 42(10): 1370-1380.
LEI ZY, SU GL, LI P, et al. Research progress of GC-MS

A GC-MS w51l

high-throughput rapid detection of multi-pesticide residues in
plant-derived foods [J]. J Instrum Anal, 2023, 42(10): 1370-1380.

T4k, WIE, MR, % M HIEAAER-GC-MS/MS kL I AE
KK 13 FpA2G5R BRI, BUCTHIRT EE2F, 2023, 50(17): 3223-3228.
WANG JX, YANG QH, SHI YL, et al. Determination of 13 pesticide
residues in rice by dispersed solid phase extraction combined with
GC-MS/MS [J]. Mod Prev Med, 2023, 50(17): 3223-3228.

CHEN T, XU H. In vivo investigation of pesticide residues in garlic using
solid phase microextraction-gas chromatography-mass spectrometry [J].
Anal Chim Acta, 2019, 1090: 72-81.

ANDELKOVIC D, BRANKOVIC M, KOCIC G, et al. Sorbent-excluding
sample preparation method for GC-MS pesticide analysis in apple peel [J].
Biomed Chromatogr: BMC, 2020, 34(1): e4720.

W, PR, XUEE, AE. B 9 RREGERE IS AT '



55 13 3]

SR O - B TA I E R FIAR AR 16 Bl 255k 247

[25]

[26]

[27]

[28]

e 4 ), 2023, (27): 52-54.

FU ZX, JIA YF, LIU QT, et al. Detection and analysis of 9 kinds of
pesticide residues in vegetables [J]. Chin Food Saf Magaz, 2023, (27):
52-54.

FReE . SN EREIE SRS 7 M HLBER 2558 BB 1)), TEILRE 2 &S,
2023, (6): 69-72.

CHEN WY. Determination of 7 organophosphorus pesticide residues in
vegetables by gas chromatography [J]. Northwest Hortic, 2023, (6):
69-72.

e . BESEAR 2R AN o SO (R M RTI]. B AR,
2023, (27): 58-60.

GAO JR. Application of gas chromatography in the detection of pesticide
residues in vegetables [J]. Chin Food Saf Magaz, 2023, (27): 58-60.
TG, B, M, %F. QuEChERS-FAH R itk i e i 38
10 FiBIER RUBETRISAC LR BR (], A7 JBii 55 42, 2023, (5): 55-60.
GAO MF, ZHANG WY, MEI B, et al. Determination of 10 pyrethroids
residues in vegetables by QUEChERS-high performance thin layer
chromatography [J]. Qual Saf Agro-Prod, 2023, (5): 55-60.

ZHU YQ, DU P, YANG J. Screening of multiclass pesticide residues in
Maca and Moringa oleifera by a modified QUEChERS sample preparation

procedure and UPLC-ESI-MS/MS analysis [J]. RSC Adv, 2020, 10:

36906-36919.

[29] #EF, Ak, S, 45 ORI RIS T 28 A

AZGFREAT]. BAMIFIE 5Pk, 2018, 39(24): 149-154.
YANG YP, TU L, JIN C, et al. Simultaneous determination of 28
pesticide in vegetables by high performance liquid chromatography-

tandem mass spectrometry [J]. Food Res Dev, 2018, 39(24): 149-154.

[30] E:AHA, B, £ABE, 55 QUECHhERS-JATHRIRTIE R Gal bl

HOK R SRR E N IR A (], R RG24, 2020,
11(13): 4455-4463.
WANG YS, HE MR, WANG DY, et al. Rapid determination of flumorph
and dimethomorph residues in vegetables and fruits by QuEChERS-liquid
chromatography tandem mass spectrometry [J]. J Food Saf Qual, 2020,
11(13): 4455-4463.

(Grieshit: FH% hies)

{EZ T

SR, H:, TP, TEMARAE
AR RGN,
E-mail: cgm880806@163.com





