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Simultaneous Determination of Nine Neonicotinoid Insecticides and Five Metabolites in Meat by QuUEChERS

Coupled with Ultra-high Performance Liquid Chromatography-Tandem Mass Spectrometry

LIN Binbin, YANG Zhijin, HUANG Xuliang, LIN Xiaolian
(Xiamen Institute for Food and Drug Quality Control, Xiamen 361013, China)

Abstract: In this study, a method for the simultaneous determination of neonicotinoid insecticides and their metabolites
in meat was established by the QuEChERS (quick, easy, cheap, effective, rugged, safe) pretreatment method followed by
ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Samples were extracted with
acetonitrile containing 1% acetic acid. After salting-out with 1 g of NaCl and 4 g of anhydrous MgSO,, the supernatant
was cleaned-up using C,,. The separation of the analytes was carried out on a XSelect HSS T3 (150 mm % 3.0 mm, 2.5 pm)
column by gradient elution with a mobile phase composed of 0.1% formic acid and acetonitrile. The analytes were detected
by multiple reaction monitoring (MRM) in the positive ion mode and quantified by the matrix-matched external standard
method. The results showed that the calibration curves for all analytes had a good linearity with correlation coefficients (r)
more than 0.995. The limit of quantitation (LOQ) was 2 ng/kg for 12 target compounds and 20 pg/kg for the two compounds.
The recovery rates of the proposed method were in the range of 61.0%—116.7% with relative standard deviations (RSDs)
below 14.81%. This method has the merits of simple pretreatment steps and satisfying recovery rates and enables fast and
accurate detection of neonicotinoid insecticides and their metabolites in meat.

Keywords: neonicotinoid insecticides; metabolites; meat; quick, easy, cheap, effective, rugged, safe; ultra-high performance
liquid chromatography-tandem mass spectrometry
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Fig. 1  Quantitative ion MRM chromatograms (A) and overlapped

MRM chromatograms (B) of neonicotinoid insecticides and their metabolites
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Table 2  Calibration equations for the quantitation of neonicotinoid insecticides and their metabolites in meat
EyTT———
T T P £ o) WP

DIN =70 810x+51 764 =69 101x+12 781 =56 070x+11 084 =47 769x+10 694 y=57 624x+13 168

ACE y=325598x+26 248 y=213907x+12 498 y=254390x+21 867 y=306 503x+23 353 y=231645x+17 935

FLO y=118 742x+2 425 y=52077x+1 349 y=117 255x—488 y=70449x+2 035 y=136918x+5 434

CLO y=54177x+2 377 y=36171x+2 116 y=45976x+4 443 y=>54818x+6 146 y=44 804x+4 073

THI y=341771x+13 915 y=287389x+13 847 y=319 463x+27 853 y=353358x+58 746 y=282437x+17 546

MI y=285 119x+4 797 y=34592x+1314 y=76252x+6 809 y=067281x+8 093 y=72 845x+5 380

NIT y=173 691x+13 173 y=48 111x+7 545 y=198 474x—6 825 y=73319x+22 436 y=171863x—1 814

THM y=103 586x+20 867 y=43517x+3 877 y=111754x+27 718 y=062628x+10 673 y=97 690x+18 402

IMZ y="79 855x+3 724 y=55037x+2 660 y=56267x+3 900 y="75679x+9 968 y=060987x+5 523
IMI-urea y=121503x+6 009 y=067678x+5 614 y=101639x+10 114 y=109 722x+15 865 y=104200x+13 061
5-OH-IMI y=357 056x+4 328 y=329911x+3 542 y=276370x+13 597 y=270079x—78 y=239 894x+12 563
IMI-olefin y=189 064x+16 824 y=204 117x+20 597 y=163265x+13 871 y=155774x+13 055 y=170017x+15 908
UF y=147091x+237 542  y=146 891x—475 621 y=135621x—229 011 y=133972x+208 613  y=139 002x+ 134 492

6-CNA y= 66 641x+29 956 y=64313x+14 281 y=66018x+86 412 y=69 501x+20 521 y=64 141x+41 189

262 JpikBMCER. REEE (FFAI10 pg/kg, UF. 6-CNAN100 pg/kg) « f (R

ARG R AR ERL SR RS RES,
P MBAK (BRSNS ng/kg, UF. 6-CNAA50 pg/kg)

50 pg/kg, UF. 6-CNAN500 pg/kg) 3 AN IN/KFHEAT D
PRSER: (n=6) , THEH 7KV [l USg 2 F0RH X A o4 Al 22

23 HOEBIR AR AR AE # & A b DGR FIRSD
Table 3  Spiked recovery rates and RSDs of neonicotinoid insecticides and their metabolites in meat
HRA R IR A A *W A A
B (pgkg) 1% RSD/% 1% RSD/% ElEI RSD/% [F 4 1% RSD/% 1% RSD/%
5 737 7.77 78.6 11.00 107.0 5.39 722 7.02 93.3 6.15
DIN 10 927 5.60 929 10.85 105.3 4.20 83.6 10.43 975 5.94
50 100.1 3.22 100.2 7.89 106.1 6.97 95.1 392 973 4.98
5 87.1 7.56 79.4 9.05 104.9 442 88.4 6.56 99.8 8.84
ACE 10 90.3 6.32 80.8 7.69 1157 340 80.2 1.82 93.1 943
50 89.5 10.44 82.3 1.98 103.2 8.17 85.1 3.54 943 247
5 88.2 8.49 84.4 9.54 101.0 441 107.7 8.06 100.9 8.92
FLO 10 98.7 6.79 94.0 7.68 109.1 2.05 100.4 2.67 933 7.39
50 110.3 5.09 108.4 2.95 109.9 10.23 115.7 2.03 94.9 3.09
5 91.1 9.26 87.7 3.57 108.1 7.65 879 6.73 99.6 6.21
CLO 10 90.6 10.18 81.0 9.74 110.4 5.55 80.8 573 89.5 6.80
50 97.6 4.71 84.2 2.35 102.0 11.27 91.0 5.59 923 6.48
5 78.1 11.24 713 5.11 1S 3.63 76.0 6.67 95.2 7.35
THI 10 80.4 10.25 76.3 9.31 104.8 3.76 729 347 923 7.86
50 88.1 6.59 83.0 1.31 95.2 13.53 854 2.59 874 240
5 97.3 11.14 80.3 742 104.0 7.94 84.7 9.21 101.7 4.74
IMI 10 88.0 11.00 85.1 9.39 108.9 527 79.6 3.24 93.1 6.69
50 97.1 1232 89.1 2.93 100.1 12.76 872 5.35 94.2 2.13
5 66.1 342 75.1 14.81 1Ls 5.96 63.9 5.13 94.2 5.99
NIT 10 712 6.47 67.9 543 94.5 3.90 61.0 140 86.9 6.86
50 783 249 66.8 4.72 84.6 8.65 78.1 2.18 81.7 4.12
5 7.5 5.36 9.9 13.03 100.5 3.80 832 1442 106.5 2.54
THM 10 87.3 6.47 97.7 8.15 1134 421 82.9 426 106.6 1023
50 99.7 3.60 95.7 4.61 1148 191 872 4.39 106.4 1.63
5 84.9 5.05 76.0 10.11 108.8 2.17 82.0 13.00 102.6 13.71
MZ 10 90.6 11.00 80.6 10.94 114.1 2.59 75.6 7.66 932 5.21
50 1011 8.06 88.9 2.74 1054 4.18 95.7 5.56 93.0 3.19
5 79.3 1222 79.6 11.80 1109 6.58 634 6.71 86.8 6.14
IMI-urea 10 83.1 11.67 82.8 9.97 116.0 347 65.7 172 85.0 9.68
50 92.8 7.99 93.4 4.70 106.5 3.16 71.6 2.51 88.8 329
5 85.7 9.38 90.4 6.38 1143 3.05 103.4 5.65 104.6 4.82
5-OH-IMI 10 94.1 6.67 89.6 444 1157 221 94.4 4.15 105.4 1.73
50 100.7 4.65 100.8 4.03 107.5 0.70 103.1 297 975 1.90
5 913 2.26 715 421 114.0 1.85 979 5.55 93.8 6.04
IMI-olefin 10 90.8 5.08 83.9 6.87 116.7 0.82 90.2 3.34 96.3 8.32
50 106.0 6.03 98.2 2.63 114.0 2.67 104.5 191 913 4.66
50 24 6.90 935 4.10 83.9 4.80 713 5.19 85.1 237
UF 100 93.7 247 102.7 3.59 89.7 5.87 100.0 4.02 94.8 4.62
500 944 1.59 101.4 4.84 87.1 1.77 104.8 753 97.1 2.16
50 64.4 2.18 82.6 2.33 65.2 347 63.1 6.44 65.0 7.56
6-CNA 100 84.7 2.29 82.6 1.46 81.1 1.46 83.1 521 81.1 1.71
500 82.0 1.50 31.5 3.83 31.8 1.38 84.8 3.87 30.9 0.66
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(relative standard deviation, RSD) , %55 W33, #HiiA
B 2R BRI B FAR I LE S Fh s B R o b ()~ 38 [l %
N61.0%~116.7%, RSD~0.66%~14.81%.
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FL 19 REXG AL 3 A0S PRI b ST B B S R R B AR
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rHFR ST 0 S R R B AR W S5 D R o AE T IR
R (R FRIDINGRH (K4, BT, KT
GB 2763—2021" BT 5 (K1 DINTE 3 A Hh 1 B3 K ke B R o
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Table 4  Results of detection of neonicotinoid insecticides and their

metabolites in commercial meat samples

o [iodp BT S fiokeeh=1) PR &/
" 2 1 B AR (mg/kg)  (mg/kg)
HIRIE A R A DIN 0.089 0 0.10
HIBEEE A P ACE 0.002 2 0.50
i 3eh 7 [l 3 IMI-urea 0.003 8 0.02
30
§ 24
X 18 DIN
X 19
%j 12
2 64
h 0 T AM\’EKL T 1
0 2 4 6 8 10 12
{R BRI 18] /min

Pl 7 REPIRREGE B MRM AL IR
Fig.7  Quantitative ion MRM chromatogram of pork

18+ o
2 X
= 5
X 124 UF B 3
~ Fy
o
% 6- 5-OH-IMI
E Mm:lin
0 AA T e T T T 1
2 4 6 8 10 12

R IR ] /min
DIN. ACE. FLO. CLO. THI, IMI. NIT. THM. IMZ. IMI-urea,
5-OH-IMI. IMI-olefin% #2450 pg/kg; 6-CNA. UFH 500 pg/kg.
P8 b A IR 2 i g I
Fig. 8 Total ion current chromatogram of pork spiked with

neonicotinoid insecticides and their metabolites
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