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Abstract: The modified quick, easy, cheap, effective, rugged, and safe (QUEChERS) method, as a pre-treatment method, combined with
gas chromatography-tandem mass spectrometry (GC-MS/MS), was established for the determination of seven chiral pyrethroid organic
pollutants in eggs, so as to provide a basis for the establishment of the pyrethroid residue limit in eggs. The egg samples were extracted with
80% ethyl acetate-acetone, purified by ethylenediamine-N-propylsilane (PSA), and dehydrated by anhydrous magnesium sulfate. The obtained
extracts were further separated using a HP-SMS capillary column. The seven compounds were determined using an electron impact (EI) ion
source and multi-reaction monitoring (MRM) mode and quantified using the matrix-matched calibration curve external standard method. The
results showed that this method could effectively separate the seven chiral pyrethroids. The seven compounds showed good peak shapes,
displayed good linearity over the range of 1~200 pg/L, and the correlation coefficients were greater than 0.99. The limits of detection (LODs)
were 0.46~1.59 pg/kg, the limits of quantitation (LOQs) were 1.52~5.29 pg/kg, and the recovery rates were in the range of 72.1%~117.5% with
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relative standard deviations (RSDs) between 1.6% and 15.1% (n = 6). This pre-treatment method was proven to be simple, accurate, efficient,

and suitable for rapid screening and quantitative analysis of chiral pyrethroid organic pollutants in eggs.
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Table 1 Retention times and MS/MS parameters for 7chiral pyrethroids

Compound Retention time/min Precursor and product ion/(m/z) Collision energy/eV
Cyhalothrin 1 23.93 180.9/151.9, 197/141.1*, 208.1/180.9 22,10, 8
Cyhalothrin 2 24.26 181/151.9%*, 208.1/151.8, 208.1/180.9 22,28, 8
Permethrin 1 25.72 163/91.1, 183.1/153%*, 183.1/168 12,12, 12
Permethrin 2 25.97 183/153, 183/165.1, 183/168.1* 14, 10, 10
Cyfluthrin 1 26.79 163/65.1, 163/91.1%, 163/127.1 26,12, 6
Cyfluthrin 2 26.97 163/65.1, 163/91.1%, 163/127.1 26,12, 6
Cyfluthrin 3 27.07 163/65.1, 163/91.1%, 163/127.1 26,12,6
Cyfluthrin 4 27.17 163/65.1, 163/91.1*, 163/127.1 26,12,6

Cypermethrin 1 27.37 163/91.1%, 163/127.1, 180.9/152.1 12, 6,20
Cypermethrin 2 27.58 163/91.1%, 163/127.1, 180.9/152.1 12, 6,20
Cypermethrin 3 27.68 163/91.1*%, 163/127.1, 180.9/152.1 12, 6,20
Cypermethrin 4 27.78 163/91.1*%, 163/127.1, 180.9/152.1 12, 6,20
Fenvalerate 1 29.04 125/89, 167/89, 167/125* 18,32, 10
Fenvalerate 2 29.41 125/89.3, 167/125%,225.1/119.1 20, 10, 18

Fluvalinate 1 29.31 180.8/152.1*, 250/55.1, 250/199.9 22,16, 18

Fluvalinate 2 29.44 180.8/152.1*, 250/55.1, 250/200 20, 16, 16
Deltamethrin 1 29.99 181/152.1%,252.8/92.9, 252.8/172 22,16, 8
Deltamethrin 2 30.30 181/152.1%, 252.8/92.9, 252.8/172 22,16, 8

JE: *Quantitative ion
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Table 2 Litmits of dection, limits of quantitation, linear equations and matrix effects of seven pyrethroids

Compound Matrix linear equation Solvent linear equation ME/%  LOD/(ng/kg) LOQ/(ng/kg)
Cyhalothrin 1 Y=1.6X10°X+9.9X 10° Y=12X10°X+4.8 X 10* 86.7 0.77 2.57
Cyhalothrin 2 Y=1.6X10°X+9.9X 10 Y=12X10°X+4.8 X 10* 86.7 0.84 2.80
Permethrin 1 Y=7.8X10°X+3.5X 10° Y=6.7X10°X+2.4 X 10° 88.4 1.59 5.29
Permethrin 2 Y=7.8X10°X+3.5X 10* Y=6.7X10°X+2.4 X 10° 88.4 1.19 3.96

Cyfluthrin 1 Y=3.2X10°X+12X10° Y=2.4X10"X+5.3X 10 86.7 0.47 1.57

Cyfluthrin 2 Y=3.2X10°X+12X10° Y=2.4X10"X+5.3X10° 86.7 0.46 1.52

Cyfluthrin 3 Y=32X10°X+1.2X10° Y=2.4X10"X+5.3X10° 86.7 0.48 1.61

Cyfluthrin 4 Y=3.2X10°X+1.2X 10° Y=2.4X10"X+5.3X10’ 86.7 0.50 1.65

Cypermethrin 1 Y=74X10°X+2.5%X10* Y=5.3X10°X+1.6X 10 86.1 0.75 2.50
Cypermethrin 2 Y=74X10°X+2.5X 10* Y=5.3X10°X+1.6 X 10° 86.1 0.70 2.33
Cypermethrin 3 Y=74X10°X+2.5X 10" Y=5.3 X 10°X+1.6 X 10° 86.1 0.72 239
Cypermethrin 4 Y=74X10°X+2.5%X10* Y=5.3X10°X+1.6X 10 86.1 0.72 2.40
Fenvalerate 1 Y=8.8X10°X+86 Y=4.7X10*X+22 X 10 81.3 125 4.18
Fenvalerate 2 Y=8.8X10°X+86 Y=4.7X10*X+2.2X 10 81.3 1.24 4.13
Fluvalinate 1 Y=9.3X10°X+3.9 X 10* Y=6.6X 10°X+2.1 X 10° 85.9 0.90 3.01
Fluvalinate 2 Y=9.3X10°X+3.9 X 10* Y=6.6X 10°X+2.1 X 10° 85.9 0.88 2.93
Deltamethrin 1 Y=9.4X10°X+3.5X 10 Y=6.7X10°X+9.4 X 10* 85.9 0.89 2.99
Deltamethrin 2 Y=9.4X10°X+3.5X 10° Y=6.7 X 10°X+9.4 X 10* 85.9 0.90 3.00
7 3 HEmP IR R SRR N E YL ZE R0 RSD
Table 3 Recoveries and RSDs of seven pyrethroids
Compound Add 10 pg/kg Add 20 pg/kg Add 100 pg/kg
Average recovery/% RSD/% Average recovery/% RSD/% Average recovery% RSD%
Cyhalothrin 1 76.5 9.7 84.5 6.5 94.6 45
Cyhalothrin 2 80.5 6.3 93.5 7.7 90.3 4.8
Permethrin 1 1145 4.6 88.6 33 91.8 25
Permethrin 2 106.7 4.1 90.1 3.0 95.2 2.1
Cyfluthrin 1 74.7 15.1 83.1 103 117.5 7.2
Cyfluthrin 2 92.5 1.8 90.7 39 103.4 23
Cyfluthrin 3 76.5 6.7 80.6 7.6 106.9 8.7
Cyfluthrin 4 733 7.1 85.4 8.1 104.7 9.2

Cypermethrin 1 91.3 3.9 89.2 2.5 90.7 2.1
Cypermethrin 2 75.6 7.1 80.2 9.1 86.5 6.8
Cypermethrin 3 72.1 12.6 78.8 9.4 88.6 8.7
Cypermethrin 4 86.5 105 90.7 8.8 94.5 6.9

Fenvalerate 1 744 2.7 80.5 1.6 89.1 42

Fenvalerate 2 80.6 5.8 88.6 4.0 90.6 5.1

Fluvalinate 1 81.5 6.3 90.1 47 88.5 5.8
Fluvalinate 2 85.9 6.3 89.6 5.4 89.1 5.6
Deltamethrin 1 76 8.8 89 6.7 92 5.6
Deltamethrin 2 94 53 86.8 45 91 33

2 &1, 7 FL &I 1~200 pg/L JEEHN E R
TP R, HEMERSE 25 (RD KT 099,

H bR K BRAE 0.46~1.59 pg/kg 2 [A], E&RIRTE
1.52~5.29 pg/kg (8], ZJ79%A] LA e B AR R
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FME 6 Ko TTERIRE R B 6 UCPATINE FIAR R bR
W2 (relative standard deviation, RSD) &7, XJF
PEFOL R AR R NG 2 AT 2 b, DDA RN R
N 72.1%~117.5%, RSD N 1.6%~15.1% (n=6).

3 ZHig
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