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W OE: B @ A OB - BTk R B A 42 R 2GR A I vk . B AR
SRR, FHZNEHIG PRIME HLB AU gk b3, SRA Shim-pack XR-ODSIIAFEH (75 mmx
2.0 mm, 2.2 ym)53#, 5 mmol/L ZFREK/KIF W (A)-H BV (B) AU S AR, SEATREREEIBE; JTiit vk v v i 55
TR ESL, 1B BaH, £ 50 Wil (multiple reaction monitoring, MRM )R ZCRG I, J [ DT it bp vHE VA vk A1
kER . GR 42 FRZGIE LS B 0.1~2.0 ng/mL JEREIAN LI RIFRHAIEER, MR
YIRTF 0.994; ik BR A 0.04~0.4 pg/kg, R A 0.1~1.0 ug/kg. 7 1.0, 2.0, 5.0, 10 pg/kg 4 UMK
R, 42 AR 2G-S bR ISR R 61.0%~118.5%, AHXTARMEIR 2 A 0.8%~9.9%. 451 1Z 7 I HATHRAER
sypritiE s R > RSO R HE R AR R, 18 TR R e AR 24 5% B A AR 4 A
KRB X9 R, BEARAIG 0RO - R I BT 1

Simultaneous determination of 42 pesticide residues in eggs by solid phase
extraction method combined with high performance liquid
chromatography-tandem mass spectrometry
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(1. Jinan Inspection and Testing Center for Food and Drug Control, Jinan 250102, China; 2. Department of Pharmacy,
Shandong Medical College, Jinan 250002, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 42 pesticide residues in eggs by
high performance liquid chromatography-tandem mass spectrometry. Methods The samples were dispersed in water
and extracted with acetonitrile, and purified by PRIME HLB. The analytes were separated on a Shim-pack XR-ODSII
column (75 mmx2.0 mm, 2.2 um) with 5 mmol/L ammonium acetate aqueous solution (A)-methanol solution (B) as
the mobile phase using gradient elution. The identifications were achieved by mass spectrometry using electrospray
ionization with positive and negative ions piecewise scanning mode in the multiple reaction monitoring (MRM). The
quantifications were performed by matrix-matched extremely standard method. Results There was a good linear
relationship between peak area and mass concentration of 42 pesticides in the range of 0.1-2.0 ng/mL, and correlation
coefficients were all greater than 0.994. Limits of detection for pesticide residues was 0.04-0.4 pg/kg, and limits of
quantitation was 0.1-1.0 pg/kg. The average standard recoveries of 42 pesticides were 61.0%—118.5%, and the
relative standard deviations were 0.8%-9.9% at the 4 additive levels of 1.0, 2.0, 5.0, 10 pg/kg. Conclusion This
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method is simple, fast, sensitive, accurate and reproducible, which is suitable for rapid high-throughput detection of

pesticide residues in eggs.

KEY WORDS: eggs; pesticide residues; solid phase extraction; high performance liquid chromatography-tandem

mass spectrometry
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LCMS-8050 7 & 44 Y AH €00 3% - 5 33 56 30 (I v g
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[ Sigma 2\ F]); IKA-T18 B 5L (& AL IKA 45 R
o dl); Milli-Q # 4Kk 2% (3£ E Millipore 723 Fl); Oasis

PRiME HLB % [l #12£ BUHE (200 mg/6 cc, 36 [E Waters 24
F]); REAX top B JiE iR & 1% (75 = Heidolph 24 ).

A RSE (R OB (i 2, ) Merck A RD); ZIE (R0
TS, K Fisher 22l LB, KHTIFRHEHIK
PR BR A R, 5280 FIAKCH— 2ok (2 Milli-Q #iak
AKHLEEAR), SALBACaBTal, 28 AL 2R A IR A R,
0.22 pm A HUALIBIE(HA AR B A R H); 42 izl
PRER IR TR IE 100 mg/L, IS D).

2.2 LIS E

22,1 AREE R B

RV APRERE R AR A R 2 bR o i i,
FAPEEEZS, Fm R EWR R 1 pg/mL (1) 42 FiR 251G
W, T-20 °CHAT -1

PG ARUEE I HERRICR 1 mL Y 42 Rl 2578
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222 HonaraE

W2y 1 kg W, R BERABITIGRG5], PRI
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H = R B AR E: 3.0 L/min; T
WAL : 10.0 L/ming AT AE: 10.0 L/ming 22 11 HL
4.0 kV; BOHER: 0.2 pA; BOEE: 300 °C; DL EiRE:
250 °C; NI 400 °C; T &M AEIE: 10.0 kV;
I HRFEL 2 1.70 KV o
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Table 1 Mass spectrometry parameters of 42 pesticides
ez E £4 1} (] /ms S B T(V2) i RE eV ENEE T (m2) R i /e V
DIRTRT 20 247.00/169.00 20 247.00/105.05 -1
. 45F 20 218.10/105.05 20 218.10/78.10 —44
WIE H IR 20 292.00/211.10 -1 292.00/181.10 23
N 20 224.10/127.05 ~15 224.10/193.00 -8
. 5 ok 20 256.05/175.10 -17 256.05/209.05 —14
WEWM 20 388.10/167.05 -16 388.10/141.10 22
WIE H i 20 250.00/169.10 -12 250.00/132.00 —14
3-FREE T EH B 20 220.10/163.10 -10 220.10/107.00 27
S 20 256.90/108.95 -17 256.90/220.85 -10
Tk AT 20 402.10/167.05 -18 402.10/141.10 -20
WRER 20 279.10/219.05 -11 279.10/133.10 -21
T i 20 300.00/174.05 -12 300.00/127.00 -29
Y F 20 202.10/132.00 -19 202.10/124.10 -17
R 20 493.10/264.05 -20 493.10/96.10 —54
PR 8 TV B 20 277.00/97.00 -34 277.00/199.05 -9
S it P 20 411.05/149.15 -19 411.05/182.15 20
R ik e 20 411.10/182.10 -20 411.10/213.00 -17
SiEE R 20 293.00/171.05 -9 293.00/115.00 24
5 TR i 20 404.10/372.05 -14 404.10/329.00 -31
fiff B 20 260.00/149.10 -16 260.00/134.05 -32
I 5 A4 iz 20 343.00/307.10 -18 343.00/271.10 -30
K 20 226.10/169.10 -10 226.10/121.10 -18
PR e e A 20 369.20/149.10 -16 369.20/313.10 -8
AL 20 435.00/329.70 15 435.00/249.90 27
AL B ok 20 419.00/262.00 27 419.00/382.80 13
AR E 20 331.00/268.10 22 331.00/259.10 -26
AU R 20 451.00/414.80 15 451.00/281.90 26
il A 8 20 208.20/109.10 ~15 208.20/151.10 -8
A AT i 20 373.10/282.05 20 373.10/77.05 22
AN W) 20 413.20/295.05 -16 413.20/203.00 —40
TR 20 308.10/70.10 22 308.10/125.00 -38
L T T PR T 20 317.10/108.00 -26 317.10/210.20 -23
LR 20 293.00/265.00 -16 293.00/125.00 24
ez 407 20 271.10/159.00 -14 271.10/97.00 37
I A st 20 326.10/70.00 -25 326.10/159.00 -30
TR 20 346.05/278.05 -13 346.05/73.15 -17
i ik Y A 20 406.10/251.00 -25 406.10/337.05 -17
I SRR B 20 384.20/282.20 21 384.20/328.10 -17
M I 20 334.00/198.05 22 334.00/182.10 22
SRR 20 368.20/231.20 -11 368.20/175.15 -17
AT 20 886.50/158.10 -39 886.50/82.10 -55
Tk i R 20 365.10/309.05 -12 365.10/147.10 -25
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3.4 FHEMZMEE. REREEER

FEARAC BB 2R, 42 Rl 254k & W0 45 e 35—

ST M-S TN, B 2.2.1 FRfER
{Mﬂfﬁﬂ 42 P 5B B VRS 0.1.0.2, 0.5, 1.0,
1.5, 2.0 ng/mL W RINEGARER R . DG E FL(Y)X 5
HOREE (X, ng/mL)YEARHEMZR, 155 42 R 25 Ltk

i E RN T 10 ng/kg. G5 ERY, %5k RHE
7R, RET AL SRR b A I 2
3.5 ERRBEESRE

TERG S FARE BT T T 42 R 256 GWITE 4 AKF-
A I B S 5s:, ASIKF-23 50104 1.0, 2.0, 5.0, 10.0
ng/kge FEMNRIIACEIEAT T 6 YOPATHEINE o SREGMRLZE

BEORILR 2). HR BRI ZRIEAIC R BILAR.9946).  fisie s, 19 SIAFRIARZ (£ TR IIUKT R A LS RO 35
HoAth A 2510 & MR LML SC R BB AR 0.995 DA Eo 4 BEGELZE 3). S5RFEM, 42 Rk 25 10 F 3 IR Ny

FH, 42 Pk 24k & WA B S PEVE N Gtk AT, 61.0%~118.5%, HH %] 7 i I 2 (relative standard deviation,

LS TIRE b A5 1 LE (SIN) =3 I6F, 5 T 2k (9 A ) B RSD)H 0.8%~9.9%, 754 v RV 25 i 240006 S FE bt
(limit of detection, LOD), M3} 0.04~0.4 pg/kg; LA GB/T 27404 — 2008 { 52562 SIS i BRALAGI ) 49
IS INEE B 5 1 HL(SIN) = 10 aj‘ B 7 D7 1k 1 5E Hk BR (limit BRI EE R U SR A Ty I AR it A BRI 12 7 A
of quantitation, LOQ), MG 0.1~1.0 pg/kg. 42 ik ﬁx& 1 TG 42 PR 255% A R ERE R

R2 L MRAVKRERE, KMGE BXREY. BHR. E2R

Table 2 Retention time, regression equation, correlation coefficient, LODs and LOQs for 42 pesticides

V] {5 B4 s} 18] /min LM FHRREL 1 FR(LOD) /(ng/ke) FErFR(LOQ) /(ng/kg)

DIRTRT 9.09 Y=810383X-4577.42 0.9999 0.1 0.3
N7 1l 9.34 Y=624664X-2005.29 0.9999 0.04 0.1

WE o R 9.34 Y=181328X-703.824 0.9984 0.1 0.3
AR 9.62 Y=390439X-1730.50 0.9998 0.04 0.1

M He ok 10.17 Y=113848X-1784.21 0.9999 0.4 1.0

9 W3 it A 10.21 Y=276069X-9996.44 0.9996 0.1 0.3
WE H fi 10.24 Y=107299X+1666.55 0.9983 0.1 0.3
3-FREE T EHEL 10.58 Y=289981X+3730.41 0.9978 0.1 0.3
e R 10.64 Y=102375X-1259.90 0.9997 0.3 0.9
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Ay {4 B4 BsF ] /min Aot AR ZREL G BR(LOD) /(ug/kg) FERIR(LOQ) /(ng/ke)
Pk 2R i 11.00 Y=166506X+688.517 0.9997 0.3 0.9
R 11.33 Y=1073950%+1743.89 0.9998 0.04 0.1
Wi 11.45 Y=602498X-7856.21 0.9992 03 0.9
[EEZRE 11.76 Y=113012X-3126.54 0.9987 0.3 0.9
ST 11.88 Y=238739X+4391.48 0.9989 0.1 0.3
REEE TR AT 11.99 Y=880450X+45821.3 0.9997 0.1 0.3
Wil 12.03 Y=646013%-9321.69 0.9986 0.1 0.3
08 il e 12.03 Y=277804X+5630.71 0.9989 0.04 0.1
LiEzR T 12.04 Y=190389%X-4236.10 0.9998 0.3 0.9
W5 TR T 12.21 Y=4245902X-38294.1 0.9987 0.3 0.9
il LR 12.35 Y=149574X+1372.30 0.9951 0.3 0.9
WE Pt 149 fie 12.38 Y=329489X+7724.25 0.9994 0.3 0.9
K AU, 12.42 Y=659916X-17482.9 0.9972 0.04 0.1
FH A e fF 12.43 Y=346991X+26912.1 0.9995 0.3 0.9
T 12.58 Y=1024680X-18220.9 0.9986 0.04 0.1
S SN B ok 12.59 Y=1093192X+49753.9 0.9991 0.04 0.1
R E 12.61 Y=158260X-1366.45 0.9985 0.3 0.9
TR 12.63 Y=778552X+130593 0.9993 0.04 0.1
A 12.65 Y=940024X-15829.1 0.9991 0.1 0.3
20 e T 12.70 Y=63548.0X+1544.17 0.9988 0.04 0.1
IR e 12.76 Y=637212X+14200.8 0.9994 0.1 0.3
I e 12.78 Y=650669%X-21229.3 0.9992 0.1 0.3
W TR T PR i 12.80 Y=359789X+10571.6 0.9982 0.3 0.9
LT 12.84 Y=1019562X-31246.2 0.9979 0.1 0.3
T L 13.00 Y=1501471X+279830 0.9946 0.3 0.9
I A it 13.06 Y=298905X+2614.64 0.9998 0.1 0.3
S T e 13.08 Y=1207722X-37540.6 0.9997 0.1 0.3
ZR Tk Y FAma 13.17 Y=858257X+10528.8 0.9981 0.1 0.3
L SRR B R 13.26 Y=1006553X+46421.3 0.9959 0.3 0.9
W I T 13.26 Y=3482412X+74947.2 0.9974 0.3 0.9
LRy 13.29 Y=718549X+2112.40 0.9998 0.1 0.3
HKIT 13.44 Y=1215561X+54879.3 0.9994 0.04 0.1
ik R 13.57 Y=1884550X-23886.6 0.9984 0.1 0.3
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R34 FREGF I AR G R FAE AR R ZE (n=6)
Table 3 Average recoveries and RSDs of 42 pesticides (n=6)
K 1.0 pg/kg 2.0 pg/kg 5.0 ng/kg 10.0 pg/kg
< [BIS%/% RSD/% ISR/ % RSD/% ISR/ % RSD/% ISR/ % RSD/%
A 77.6 4.1 81.1 7.5 71.8 5.7 63.0 8.0
WA ] 61.9 6.6 66.7 9.5 61.0 6.4 61.1 5.6
5 IR 101.7 5.5 109.4 6.3 103.7 5.0 93.5 43
AR 105.6 3.3 103.5 2.5 97.4 48 90.2 5.2
M sk 104.0 3.7 106.9 4.7 106.7 35 92.2 34
WE Wik e 76.4 55 69.7 5.6 61.1 1.7 61.6 1.9
WE e 104.5 8.3 109.9 7.0 111.8 2.3 97.3 5.8
3 A L 104.1 4.0 109.2 45 108.8 2.7 105.6 1.9
LR 64.1 9.3 62.3 2.5 62.3 2.0 70.1 1.5
Mk R I e 82.3 6.2 94.4 4.0 94.3 1.4 86.6 6.2
R 102.8 7.3 108.8 4.6 102.2 2.8 96.9 1.2
Wi 111.9 1.5 116.8 1.3 107.2 1.4 105.7 3.9
[iEERes 114.5 7.1 113.9 72 111.1 3.4 95.5 4.1
ST 74.5 6.2 69.3 6.2 97.5 12 71.3 6.6
GiER TR AT 91.7 9.9 118.3 1.4 107.5 1.5 113.7 1.0
R WETH 89.7 5.7 87.1 3.7 79.7 22 69.1 2.7
LBl 67.6 6.6 81.5 5.9 91.4 2.9 77.9 73
FH LB 114.5 6.0 113.3 5.8 115.7 1.7 113.8 2.8
WA TR 116.7 2.6 116.2 3.5 111.9 1.6 114.8 2.0
itk B R 104.3 4.6 109.2 2.7 102.3 25 104.2 3.9
INE P 7 i 95.7 5.3 100.4 5.7 107.4 2.1 112.7 2.8
K AU 105.3 6.4 107.5 4.6 97.7 2.1 87.0 3.4
FR A gt A 80.0 35 95.1 23 108.8 1.5 104.8 4.1
EENEYT 113.2 3.9 116.1 2.4 108.2 1.8 116.5 25
oL L 94.3 6.8 114.4 4.6 110.6 1.4 112.4 3.1
SR W it 109.6 52 102.2 5.3 106.6 1.7 100.3 8.3
SRR 76.8 6.0 111.1 35 118.5 0.9 115.7 22
Kl AR 112.9 42 114.4 1.1 103.7 32 100.1 2.9
IR TR ] 91.9 5.1 95.2 6.1 1122 0.9 114.0 1.9
B8 )13 107.6 5.6 113.3 2.5 115.6 1.8 116.4 2.1
T 113.1 45 112.3 2.7 105.1 1.9 104.1 3.8
2. B R T 110.8 3.0 1143 6.9 112.8 1.1 115.1 0.8
LR 114.3 42 111.0 4.9 108.7 2.5 106.3 1.7
Lk 82.3 9.5 99.1 3.5 113.8 1.9 114.8 33
s 110.9 52 113.9 4.4 116.0 1.6 112.7 3.8
PRI 114.1 2.7 115.1 3.9 115.6 1.9 114.7 46
Tk FH B 114.1 2.7 115.1 3.9 115.6 1.9 114.7 46
HEME IR AR E R 96.9 45 113.6 2.7 106.4 32 114.2 32
W IE B 91.5 4.7 102.0 7.4 113.4 1.8 107.5 5.6
SR ERS 110.7 3.1 113.5 2.9 110.7 2.7 113.8 1.3
PRIRTT 66.7 5.1 99.7 2.4 88.0 45 93.3 3.1
A R 81.9 6.6 83.5 3.3 84.2 1.2 68.1 2.8
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3.6 EPREEMINE
o7 FH BT S N7 ) ke e e i B LR R T . R A
T3 s TR 65 114 70 HEUUS B AR b A T AR 2 % BR P
A, 255 R, B SSirh ra E M Eh S H
SR BURIT . SO EE . AR TS ID AR 5 Rk
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