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Simultaneous determination of 19 kinds of pesticide residues in
eggs by UHPLC-MS/MS based on QUEChERS
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WE BN AE AR Peik a8 &d 5
KK F %, Fik: ¥ QuECKERS 5§ UHPLC-MS/MS #
SARMTHEFIOFRGEGETHEMN, FRETZ
&9 4 IR (LOD) A= 2 & IR (LOQ) 4~ #1 4 (0.3940.66),
(1.2842.17) pg/kg; mAF @B F A 79.25%~102.14% .,
AT AR AR £ A (RSD) A 9.34% ~16.7206 ; B vk i
B oh, 28 &P A 18 AR 2h a9 K M AR X R H4EE 0.999.
PRl 2 & b B B oF 19 AP R A B B E A 2.8200, R
IR & R R A A U A R R A 2204,
15% R EFEE 5 4 2.08~729.74,0.81~46.89 pg/kg.
SR T R T AR AMN Z R b H R
M P R A KA R AT B,

K : QUEChERS; % % ; R 25 5%, 8 ; 42 & 2k 48 & 3%

BB R i

Abstract: Objective: The aim is to establish a rapid, efficient and
simultaneous detection method for various pesticide residues in
eggs. Methods: QuUEChERS combined with UHPLC-MS/MS was
successfully used to detect 19 kinds of pesticide residues in eggs.
Results: The limit of detection (LOD) and quantification (LOQ)
of this method were (0.394+0.66) and (1.28+2.17) pg/kg, re-
spectively. The recoveries of standard pesticides and relative
standard deviations ranged from 79.25% to 102.14% and from
9.34% to 16.72% , respectively. Except for famoxadone, the cor-
relation coefficients of linear equations for all pesticides were
close t0 0.999. The total frequency of 19 kinds of pesticides detec-
ted in eggs was 2.82% and the detection frequency of chlorpyrifos
and phoxim were 22% and 15% . which maybe the potential

safety issue for eggs. The quantity of them ranged from 2.08~
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729.74 pg/kg and 0.81~46.89 pg/kg, respectively. Conclusion:
The proposed method is accurate, reliable, and meets the re-
quirements for testing pesticides in eggs. The detection frequency
of pesticides in eggs in Hubei province is low, indicating a low
safety risk.

Keywords: QUEChERS; chicken eggs; pesticide residues; UH-
PLC-MS/MS
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PR B E N T S E AT e,

H AT, T A LB o S A 25 5% B a0 O ik
AR T SN AT B @RS DL RSO 63— T
B FH R (53— B O S0, HOR, B R
i T AE R B % 3R R IR 2% JBO #E A4 B i Ak 3 45
BB HBORARMAEY, O FH L, R A
A B AT 0 B 2 i SR IBUIR B L 45 B TC K B TR B W BRI K
& M K- N-TN 2E (PSA) B 7% ) QUEChERS 44 R, J 2
S TR R T R R 0 AT L PR

ILAFE 2K . QUEChERS £ & 3% — il © 9 )™ 32 1 ]
T I 7= i o R ARG A0 2% il A AL 2SO R A
BEZE MR 0k ORI AR R B BB S 16 D S R

RS AE e 24 Bk RO R WD, R A T M R A
QuECKERS-“TAH 5 3 — 5t 1 1 H (GC-MS) [7) i ) 22 1
A 19 B A DL A ER AR R B R E N T
# T QuEChERS #j 4t # 45 & GC-MS. £ Jx Wi 5 3
(Multiple Reaction Monitoring , MRM) 43 4 [&] i % 5 X9
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A8 R A ER . T A O¢ QUEChERS 45 & Wi A1 8 1%
JF % I (CHPLC-MS) A6 3 2w 4% 265 5% 81 19 0F 58 4 R
AR E ,

R F 2 5 T QUEChERS-UHPLC-MS/MS [F] i
22 SN M I CMIRVD A6 0 X 2 rb 19 Flofy BUBE il SR 28 4R
25k BRI 1k, OF i — 2B 38 FZ O TR S AL A AR R
by XX B A AT ARSI, DA R A — b R R R
A TR AR 7 1%
1 MR ik
1.1 #R5iF

N | S RN A= N 5 7 R 1 AN 7 1
W SR e L 2 PR R A Ik N ok | EE N AR SR R L
TR DR S AR v OO B T e R T U e L 2 B L R
JE B A TR BB B - 40 95 %, f8 [ Dr. Ehren-
storfer GmbH A7 ;

X 2B B it < BE AL F 0 6 0 (10 Aty VBRI (12 it
YO RS VO T (13 VO I (8 HEWD L B W
(22 #LYO E X W EE T 5

NG R BB R A . (63 2, 22 ] Tedia 2 ]

ik .35 E Millipore # 4l 7k A3 1 % 5

LW B B E CNW A

R . (3% 4l , 35 [H Scientific 23 Al

MgSO, \NaCl % . 5§14l . I ¥ 5 25 £ F b 205
FRAT .
1.2 NFE5EE

OB 8 35X 1200 SL %, g 4 SB-Aq 8 1% 4
(100 mm X 3.0 mm X 1.8 pm), 3 EH % R £ A R
AR

=T DY T R I R A - 6460 T, 3 [ R
FRA ]

HLF R OF: XS205DU A, Mg 5 8 —FC A £ [ Br 51
(L) HBRATF

A WAL : N-ECAP45 B, 35 [F Organomation 23 & ;

BHEIR A% SK-1 B VL9 & 3n T BRI ALAR ).
1.3 Ak
1.3.1 bR i e il

(1) AR TR AR G 55 T80 - 1 0 R BB — 58 02 R B b o i
NG R MIFERE 100 mL BLH R ELA N 1 ¢/L #
HERR A, — 20 CREGIRTE

(2) A Bk A Y T A 97 P ) - A A O B — B AR B 1 /L
PRFRARMENE AW R 10 mL 2B P R 205 & 24 0 B
il 25 & 10 mg/ L APl e 25 3Bk R 50 9 b v 1R VA
FEAE—20 C T BOGRTE .
1.3.2  FEaLHIA GRECRNG AL WERRFREL 5.00 g FE4T1R
SRR AT E 50 mL HEZ.OCEMEMA 4 mL X5
TR HERIES) 1 min, FEAIA 10 mL(& 1% Z8) 25 %

#H/NEZ B F QUEChERS B UHPLC-MS/MS B R #&MBEH 19 MRGEEE

LG SR 20 min IRA) . A 4 g MgSO, #l1 g NaCl,
FEBENZEY 1 min;4 °CF,5 000 r/min &L 5 min, #E
B 400 pL FIFW(ZNEE) T 2 mL B0, [6 B
JIA 5 mmol/L B BR &V 8 (F 0.1% B ER) 200 pL, 1R 2T,
it 0.2 pem GAL UE B L &5 F AR

1.3.3 UHPLC-MS/MS £

(D 3% & . R 40 °Cs B = 10 pl; W=
0.25 mL/min; WA A BV W . W sh A0 B:5 mmol/L
Tt R B VS W (% 0.1 %6 W) s B B VB AR ¥ . 0~ 3 min R
FH5% A FEAFYEBE. 3 ~5 min L E 95% ., I 4
2 min;7~10 min KM E 5% A; 5, 1B F
8 min, Az f7H}[E] 18 min,

(2) i 4 e 25 B F IR IE 3 7 (ESI O R
RIREE 300 °C 3 SARWHE 7 L/min; 8 TSR 275.8 kPa;
FE RN BE 300 C R AR 10 L/ min; B A K
3000 V3 B FWEME B R 500 V55 B3 A (8] 20 ms; 22 5 b I
DAL, oA 3% S 8k 107,

1.3.4 A b BRATE s BRI e R Bk (R D) Bk R0
ot A 0 25 R T i L 1 R e T B S A RE T 4 4R U
afi Ak QL) BT A5 1 V8 W 1E IR B AR VA W R s il .
BV WK R 2 bR RE G B R 2.5, 5.0, 10,0, 20. 0,
50.0 pg/kg FRINILFIR A AR UEV W 10 mL; 4% 8] 1.3.3 f
DAY S5 AR AT 6 1% R0 BT 3% 43 A, LLVRE & 4 R U VR A VR B
(X, png/kg) Jp AL AR , (35 0 T FR Y S A A b, 45 7 A
Mk, ¥ 350 (S/N =3/ M R, 10 f5 15 15 1L
(S/N=10)1F Jy & &R,

1.3.5  BIWSCR ARG % B2 w5 XS AR P, 4y
BT IAR W (1 pg/kg) W BE (5 pg/ke) M e Mk JiE
(20 pg/k FEM A 25 b5 FE, #£ 47 3 IRE &, 715 ORIl
JE ) 25 b AR 244 1A i 1) T 052 238 0 AR 6T A 1 Ot 22

2 #R50e

2.1 FAERFHE(ER)

2.1.1 UHPLC-MS/MS % 4ift DLk s i 4 5 L4
B 19 B 245 (B AR oE 15 WE AT IF B R mE 5 BE
(EST ) H Y #0E 2 AR A& W09 B 51, 7 00 Bk 25 -
AT TG R (MS2) , 4 Bk 25 35 45 195 F o 1o A 7= 119
R 25 X AR S 2 MR e B B JF X MRM 2 4k
A LSS R W2 1, R SB-Aq B k45, H
TR — TR T 4 TR 5 VS YRR Y TR B OOk IO 1 0 o L R
CBS 1 ) B 0 FLREFE — B AR LUl 2% (6 e 4 2
2.1.2 SRRV KRR E m AR 2 2 AT, BTk
BIE] (R* =0.532 5)4b, A R B EE 18 M RZGTE 2.5~
50.0 pg/L 1Y T i & B2 0 [N L 100G O AR 1 A G R 4L R®
9 0.965 0~0.999 5, FTE AR H R (LOD) N 0.01~
2.89 pg/kg; ERR(LOQ N 0.03~9.54 pg/kg. UilTE
I PRI P T A A T LA R B M DG R s ks v
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B (LOD=0.01 pg/kg, LOQ=0.03 pg/kg) ., Mm% i
(LOD=0.01 pg/kg.LOQ=0.03 pg/kg) Kk Bk (LOD=
0.02 pg/kg,LOQ=0.07 pg/kg) \#EFEM(1LOD=0.03 pg/ke,
LOQ=0.10 pg/kg) %5 4% 24 1y har 0 R Y B %8¢ 55 5 % 42 o ol
(LOD=2.89 png/kg,LOQ=19.54 pg/kg) A HH (LOD=
1.09 pg/kg, LOQ=3.60 pg/kg) i I R LA XTI .
2.1.3 AR EICR ARG % AR 3 AT, 2R 2R AR
W R 1 pg/kg BF Hombs BIKCRAE 50.5% ~126.0% G
e A A A ) B G AR U 22 (RSD) Ry 4.5% ~27.0% ;24
WRE AN 5 pg/ke B, HmAR FREAE 79.7% ~129.0%,
RSD 24 1.5%~21.0% ; Mk &y 20 pg/ke B, HJnpr ]
W AE 57.4% ~111.0% ,RSD H 1.3% ~17.0% . 604
ERE AR 25 5% B B AR (<1 pg/keg) B BT 22 7 5 g [EI
W R RS 55 (1 pg/kg. 79.25%), A M AR ME E BB
(19.54%); T 24 (X ) B Mo R 25 8 B & M &
(=5 pg/kg) W, T 44 & 7 35 19 Jin b [0 050 45 35 100 %
(5 1g/kg,102.14% 520 pg/kg,92.66 %) o FH X b5 i 22 BAK
(5 1ng/kg,11.27% 520 pg/kg.9.34%) . X I BT 2 07 B2 1
Wl A RSD 5 HALBEIT 45 55 w0019 H AR
FFE (S 00 5 0 & 4 M | W AL R ) (GB/T
274042008 %I [ g 5 RS 25 B 19 oKk, 18 B 3 8 T A4
S 7 Tk R A% W L L R R T B AT A S bR Y A R
rRRE 36 AR Bk 1 IR A

o
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2.2 BEHRPRAKXBERN

iz FH R T 4 s T v ke B AL SR W 3 b 48 B N AN TR
M XA T3 Y 73 kR3S B AT A I, 73 HE RS
19 Fif e 25 A R O 2.82% . H o, o B B A T A8 0
PR R4 3 Ry 2290, 1596 T & K R i 43 o 2,08 ~
729.74,0.81~46.89 pg/kg; P95 B 76 BT A X IR B R &
s J A AR BRAE XS B R R BT 0.41 %, I,
MR T RN B i b XU B R AR R G H AR R 4 i)
A 5.56%,4.17%,2.78%,5.13%.11.11%.1.77%.

Bk B, DA 2R b B T S8 I B 4 R
(197.35+237.98) pg/kg (K 45 R O 4/10) 1 (4.96 +
3.79) pg/kg K HBIE Sy 3/10) 5 B M X 2K vp 72 B 0 L 9540
WA 2 ) (136,51 + 296.93) pe/ke (K 91 R Ny
5/12)F1 9.72 pg/kg (R AT 2R A 1/12) s 900 171 25 70 3
W FEALME & B A2 ) (53.92487.91) pg/kg (K H 4
Jg 3/13)F(17.67+£25.32) pg/kg (K 2N 3/13) 53
NG S B B, T OSE M i 4 B D (354,63 £
393.70) pg/kgCky AT RNy 4/8) M (13.724+12.05) pg/kg
(KA N 3/8) s B M h B AL & &2 R 0.92 pg/kg
Ol ARy 1/22) 5 22 830 48 vh R A6 L = i B N R SE 0L
b W N WD R S TR 3= o T R L S N |
WRER B A TE R K 25 S, 9% D IR AT 68 Sy B4 i
Tl At A TR R A G IR B AR R P LR AT,

F£1 19WMRENRBEER MRM 2%
Table 1 Retention time and MRM parameters for 19 pesticide components by UHPLC-MS/MS
kmasy et i
[&] /min B Gn /) EFEBIE/V B TFROGn/) EREBRIE/V
A% HUBR 1.53 310.1>>230.0 90(15) 310.1>>245.9 90(12)
it b 7.95 256.0>>208.9 110(12) 256.0>>175.0 110(12)
PR W WA 10.48 320.1>233.0 130(20) 320.1>108.1 130(44)
TR 13.52 278.0>>108.9 100(16) 278.0>>125.0 100(16)
EREg 14.51 297.1>>241.1 90(5) 297.1>>105.0 90(15)
S Lk B 14.95 483.9>>285.9 110(8) 483.9>>452.9 110(16)
ZAEBETR 15.02 307.0>>124.8 140(15) 307.0>>153.0 140(15)
s T 1 o 15.06 388.1>>301.1 145(20) 388.1>>165.1 145(32)
W2 15.27 374.2>>216.1 110(36) 374.2>>302.2 110(12)
INLEY 15.79 311.0>>158.0 110(8) 311.0>141.0 110(32)
SR 15.90 330.0>>245.0 125(15) 330.0>>174.0 125(45)
S O 4 15.94 289.1>>91.1 100€20) 289.1>>205.0 100€10)
AN 16.24 358.9>>155.0 105(8) 358.9>>169.9 105(44)
20 A T ) 16.36 392.1>>238.0 100(16) 392.1>>330.9 100(8)
L s 16.55 374.1>>194.1 130(36) 374.1>>222.1 130(16)
T 16.63 299.0>77.1 110(24) 299.0>>129.1 110(4)
Efi BB 16.65 528.1>>203.0 130(45) 528.1>>150.0 130(20)
ST IR 17.31 349.9>>198.0 90(20) 349.9>>349.9 90(0)
TN B 17.92 345.0>>240.9 80(12) 345.0>>269.0 80(5)
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F2 IOMRAMNEEFTEMBEXRE(R’) KHR(LOD)MEER (LOQ)
Table 2 Linear equations and correlation coefficients (R?), detection limits (LOD) and

quantitative limits (LOQ) for 19 pesticides (n=3)

A5k dl 4y LAk 2 R? LOD/(pg+ kg™") LOQ/(pg+ kg™h)
FE ! Y=1122X—77 0.999 5 1.09 3.60
ik He ok Y=185 259X +42 433 0.998 4 0.15 0.50
LW Y=200 490X +51 888 0.997 1 0.14 0.46
TR Y=124X+531 0.965 0 2.89 9.54
e Y=21 804X +15 643 0.994 5 0.48 1.58
S TR Y =107 408X +29 725 0.998 5 0.01 0.03
ZFEBE Y=11 331X+6 038 0.990 3 0.36 1.19
s T P b Y=401 380X +127 625 0.994 6 0.37 1.22
WER i 5 B Y =555 864X +208 211 0.992 3 0.34 1.12
R s iR Y=5 791X 44 907 0.990 0 0.02 0.07
SR Y=374X—47 0.998 4 0.17 0.56
S AR Y =217 747X —109 738 0.998 0 0.47 1.55
AN Y=52 999X +12 282 0.994 3 0.03 0.10
0% IR T T Y=15X 4499 0.532°5 0.17 0.56
T 5 Tl Y=47 822X —23 559 0.986 7 0.01 0.03
F Y=2 584X +949 0.991 8 0.21 0.69
Efi U Y=13 207X —2 801 0.989 7 0.19 0.63
AL Y=429X+1 058 0.989 7 0.03 0.10
T B B Y=176X +268 0.992 9 0.23 0.76

F3 AEAKRERBHMIREIWREEEE
Table 3 Recoveries and precision of pesticide components by UHPLC-MS/MS %

L 1 pg/kg 5 pg/kg 20 pg/kg

& RSD Al g RSD A1 1l RSD
At 126.0 22.0 118.0 9.6 100.0 7.1
i RES 84.7 13.0 96.4 5.4 87.9 6.2
RN 50.5 26.0 116.0 17.0 104.0 11.0
IR 68.6 13.0 107.0 17.0 57.4 7.4
8 92.7 8.2 113.0 2.3 81.4 12.0
S HL T R 98.2 13.0 122.0 6.3 103.0 11.0
B 82.4 13.0 97.5 8.3 102.0 14.0
s T 1 bl 59.4 23.0 85.3 13.0 76.2 12.0
Wi S e 75.3 13.0 85.1 10.0 102.0 9.3
R IR 69.3 9.3 102.0 1.5 93.3 8.7
5 T IR 64.9 17.0 84.5 7.6 103.0 9.3
S AR 102.0 4.5 106.0 12.0 105.0 6.3
Eein 69.8 26.0 108.0 16.0 85.9 12.0
A I T TR ND ND 83.3 20.0 95.2 1.3
i s Tl 60.6 27.0 129.0 19.0 107.0 6.3
T 73.5 15.0 90.8 17.0 82.8 13.0
Bi 109.0 11.0 108.0 21.0 111.0 5.8
F AL 66.3 21.0 109.0 4.3 83.7 7.8

5 B 73.4 26.0 79.7 6.9 79.8 17.0
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3 i

(D PRI T —F T QUEChERS i 4t #)
%54 UHPLC-MS/MS(MRM F5 4 [7] i 6 30 3 2 ofr £
ARG HR B B W . O VR T RR VA R D BRAE SR, AR
AR (79,25 % ~102.14 %), H B AT 845 19 26 1k R 5%
T Y T B R 1 BRA 0.01 %6 ~2.89 %) FIRG 25 FE (AR X6t A
HEZEN 9.34% ~16.72%) A EMEH T EE T
19 Fhfe 24 5% £ A [] e 0 bk 2 1 2 0 #r

(2) #0485 Py g A v A % 0] A 3 9 e = B i (e
Hi% Sy 22 %) FEEFE M (K HE R 1520 P AP, (H2 S
e A R (2.82%0) A B AR X e KR
BN,

5% 30k
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