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Simultaneous determination of 15 kinds of high risk pesticide residues in
royal jelly by liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method
for the determination of 15 kinds of high risk pesticide residues in royal jelly such as benomyl, thiophanate-ethyl and
carbendazim, etc. Methods After extraction and purification, the samples were subjected to gradient elution with
0.1% formic acid aqueous solution and methanol as the mobile phase, and then scanned by using electrospray ion
source positive ion method, and detected in multiple reaction monitoring (MRM) mode. Results The experiments
verified that the 15 kinds of pesticides had good linear relationship within a certain concentration range, with the
correlation coefficient of 0.9915-0.9999, recoveries range of 65.3%—113.5%, precision of 0.56%-9.11%, limit of
detection was 0.01 mg/kg and limit of quantitation was 0.10 mg/kg. Conclusion This method is simple, accurate,
reliable and sensitive, and can be used for the simultaneous detection of 15 kinds of pesticide residues in royal jelly.
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g, ZIE(@iga), Cg. 0.22 pm A HLIEM( HIE
LGS PR A IR A H)); ZoK . ToK MgSO4(4r#r

g, b AR A B A EDD); N-IN SR %
(N-propylenediamine, PSA)(3 [E Agela Technologies /A #));
IR (A ikal, R s MAERRHE A BRA F]); FS @it
(100 mmx3.0 mm, 2.6 um)( &itiZENH]); Bifl#EE4liK,

FRufE Sy B R (LEE 97.40%) . Z R R (L
97.73%) . Z 7R (LS 98.69%) . —PRE (4 98.91%). &4
RN R (GEEE 99.5%)  FRlliRR(LERE 99.55%)  F B 5 R (4
& 98.92%) . UM TRAEEE(ZEE 97.30%) . MEIRSEAR R (4l
99.65%) . FUH PR (ZEFE 99.38%) . 2,4- - HI KL iz (4l BF
98.87%) \N-(2,4-— HI %3 F ik JHe (40 4 99.89%) L B Y k(&
& 98.28%)(ff[E Dr. Ehrenstorfer 2\ #]); BRAEM . MREEHE
(100 pg/mL, Ay EBEFREE R BHIF BT o
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QTRAP4500 i 5756 FAX (36 B N FHAE W) RGN F);
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FEE AR 13 FbR i 4529 10 mg, 439 EF 10 mL
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R A, AT (3 T RS R R A, TR
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—20°CyK 5% /K 2 5 mL, WiEES) 1 min, #% 5 min,
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SIFRFEAE K 5.0 mL AREUR % 2 %A 125 mg PSA .50 mg
Cig Al 150 mg Jo7k MgSO, ) 15 mL HLZEB.LEH, IRHER
5130, #f 0.22 pm HHLUER, HFIE.
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%A F5 @354 (100 mmx3.0 mm, 2.6 pm); 33 :
0.3 mL/min; PEREHRE: 10 pL; AEIR: 30°C; MBI W
1% %% 8§ 1 (electrospray ionization, ESI); iz : IE
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5500 V; ZALSJES: 55 psi; B EJ1: 60 psi; KA Table 1 Conditions of gradient elution

S S7: 35 psi; B FUEIEE: 550°C; Wish#l: B: HIEE, A (] /min 0.01 1.00 11.00 12.00 15.00
A 1% HRIK, BRI H ) W35 15 15 i 2 Hofth T A A 20 10 10 20 90
SR 2. WA B 10 90 90 10 10

R2 BHRANRIESH

Table 2 Mass spectrum parameters of 15 kinds of pesticides

FEMEE X (m/z) FE X (m/z)

ey EMBENV O ADHBE/NV  ffeRE miEb s OB EY
" BET/TET) BETTET ¢
291.1/160.0 55 10 42 4
KRR 291.1/160.0
291.1/192.1 57 10 19 4
371.1/151.1 90 10 22 7
LI R 371.1/151.1
371.1/93.1 88 10 34 7
192.2/160.2 76 10 33 7
ZHR 192.2/160.2
192.2/132.1 76 10 27 7
N 296.1/70.1 56 10 25 10
=Y 296.1/70.1
296.1/227.2 56 10 19 10
214.0/172.1 36 10 13 6
FAR MR 214.0/172.1
214.0/154.2 36 10 25 6
368.0/231.0 46 10 17 6
i A 368.0/231.0
368.0/175.0 46 10 21 6
343.0/151.0 78 10 29 6
FH L P R 343.0/151.0
343.0/268.0 78 10 15 6
‘ 503.0/208.1 92 10 17 6
TR A g 503.0/208.1
503.0/181.1 92 10 19 6
362.2/316.1 73 10 25 6
MR AR R 362.2/316.1
362.2/288.1 83 10 39 6
294.1/163.1 63 10 24 6
WH ik 294.1/163.1
294.1/122.0 66 10 40 6
‘ 122.1/105.1 64 10 23 7
2,4- LR B 122.1/105.1
122.1/103.1 70 10 24 7
N-(2,4-— HI 238 150.2/77.1 79 10 30 7
150.2/77.1
i g 150.2/107.1 78 10 51 7
163.2/122.2 75 10 19 7
PR K 163.2/122.2
163.2/107.2 63 10 23 7
350.0/197.9 82 10 15 10
AL 350.0/197.9
350.0/96.9 82 10 29 10
\ 363.0/227.0 100 10 18 10
Lk 37 363.0/227.0

363.0/307.0 100 10 36 10
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¥dE R4t AB SCIEX Analyst 1.7.1 305200,
)25 SR B A 335 5 AB SCIEX OS Version 1.4.0.18067
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2.1 EWERMHEMHK
211 MELMHEER

TEIEE AT, XA only ms Bz X% 0.1 pg/mL
FrAL & 90 ) B bR R W EA T BE B R e, T0E 4
TETFWE, BUSFETFNEEETF, SHTFE T T4
it % BRI EC/657 184, R IE BT 1S VA A2 &2 0 UE 25005
JE 4 NMRBE R ESREEE S 1 N, FETFET 1.5 Y
A, AT SR 2 AR AT IE, Hod DU
s, B TH/NE T RE R E RE N, A —
ANBSFRE R E MBS T . 15 PR 25 i 5 s xb L
B F X WL 2.
2,12 REGF #ikdE

XTI F IR AL, BT 20°CIRPE . —20°CH
1 5% K 2B SRR I XS 15 R 4375 0I5 1 5 00,
M20°CHERME 1% BR/ N MR BRI I, R Bk & A= T [
i, W AEARME, —20°CH Ik 20 A HLE, KR KL T
Vesfige, WEIDAAEARAIG . 24FH—20°CUK 5%% K 2 1E R R B
I, 15 Pl 25 5% B B HAT BR i )7, PRI afl >R FH-20°C
K 5% %K ZIEVE R HREGH

22 FHEFER
22,1 #ohFRAeAT A B £

13 SEIAETT, DhaS 0 TR SE B s o ik
TP, AT AR b, 45 53R BAG s BR AN g &
PR3 5124 0.01 1 0.10 mg/kg, ARG Y15 1 H (S/N)>3
AR5 15 Fhofe 245 5% B8 A4S H B, BEAS AR 171 e 5 2t
SYBTEER, 15 FhAR 25 5% B ARG i BR AR A e Lb DL 2% 3.

FE 1.3 SERRAMER, 15 e 2 LU EEREC I 9 R 5104 24
HR B AR SR W FE 4 9110 0,001, 0.002., 0.005, 0.010,
0.050.. 0.100 pg/mL VR -G FR I IR HEIRAE €655 - o 156 T %
{CMAE o AR 5% A A2 1 i U T R R AR AR (Y) . R 25K
P b M otV VR VAR B R B AR AR (X, pg/mL), 23l ARE
&, BRERWURER . CHBHA . ZHA . —EE. &
R PRy IR R . USSR . R SR R
XK 2,4- Z HEGR M . N-(2,4- RS It . s
Jbk . FEAEM | BREERETE 0.001~0.100 pg/mL U5 FE YA B IFHY
LI, AHERB N 0.9915~0.9999, HAKLEH L33,
222 EREFAEEE

PRI T30 22 R R lEA T 15 PPk 2 0.01, 0.02 FI
0.10 mg/kg 3 MREACFINRIBARSLES, AR E K-
TFRAT 3 WRSLHS, FERRNUS v BE K B 1 Ay E
E 6 WHH TR S SERy, MIE 445 R AR AR UE R 2% (relative
standard deviations, RSDs), 7E 1.3.3 SZH: 24T, 15 Fh 2411y
[RICRTERE A 65.3%~113.5%, F5% % RSDs A 0.56%~9.11%
(n=6), F¥4 GB/T 27404—2008 S50 % T 4 AL £ 3
FRAGIN ) BfESE F IR RSB REI 2R, W3 4.

R3S HRAKRBUEIROEERL . KMEFREREXRY

Table 3 Signal-to-noise ratios of limits, linear equations and correlation coefficients of detection of 15 kinds of pesticide residues

a2/ EAN SIN LM B ()
KRR 24 Y=1545.1X+1772.8 0.9915
LHETRTE R 1359 Y=278471X+159133 0.9916
ZHR 1927 Y=677693X+621756 0.9964
R 480 Y=58102.1X+1867.9 0.9999
FAN R 404 Y=93124X+6113.9 0.9998
SRS 4027 Y=487916X+216504 0.9933
FH L B R 1708 Y=213539X+1333861 0.9925
T A Mg 334 Y=31839.3X+11232.4 0.9986
L AR R 1325 Y=121666X+12760.0 0.9994
X bk 196 Y=4098.3X+14790.3 0.9995
2,4- " HOR M 69 Y=2873.7X+12298.2 0.9981
N-=(2,4- 7 F 58 HY ot il SO KA 54 DMF 101 Y=28647.7X+79155.1 0.9971
FALFR fpk 597 Y=2267.2X+1778.9 0.9992
FEIEM 271 Y=22309.2X+7003.5 0.9973
s 75 571 Y=52508.9X-353.1 0.9994
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Table 4 Recoveries and precision of 15 kinds of pesticide residues
P 0.01 mg/kg 0.02 mg/kg 0.10 mg/kg
B3 /% RSDs/% BT 3 /% RSDs/% [ETe 3 /% RSDs/%

67.0 98.0 99.2

KW R 68.2 3.54 102.0 2.33 96.0 3.70
79.0 102.0 93.4
76.0 104.5 105.9

CHEEBRE R 75.0 2.85 105.5 0.77 103.0 0.76
81.0 109.0 107.2
68.0 104.5 106.0

ZWR 65.3 1.80 107.0 1.95 101.4 0.89
68.0 108.0 103.1
95.0 98.5 103.8

e 94.0 3.58 97.5 2.85 101.2 1.08
96.0 98.0 102.9
93.0 101.0 103.6

RN R 101.0 1.30 98.5 2.20 102.5 1.39
95.0 94.5 105.6
75.0 96.5 109.7

L 75.0 1.11 98.0 0.93 100.2 0.61
80.0 98.0 106.6
78.0 109.5 108.2

FH L B R 82.0 0.98 113.5 1.58 105.8 0.56
80.0 113.0 108.4
82.0 98.5 99.0

T A Mg 91.0 3.22 102.5 4.50 102.1 2.38
89.0 105.5 108.2
94.0 100.5 104.8

AR R 94.0 3.19 95.5 1.97 106.0 1.37
96.0 101.5 106.7
87.1 80.8 90.7

POGHNTS 83.9 8.83 83.8 7.05 92.0 4.73
80.3 82.1 90.0
82.8 93.1 102.7

2,4- " HOR 84.1 3.92 97.0 4.80 104.6 1.08
85.1 92.4 104.2
82.3 92.6 107.2

N-(2,4- F 8556 H It e 82.8 9.11 94.2 3.40 105.4 1.19
87.2 96.5 106.4
89.5 98.9 105.0

HAH R 84.7 2.41 97.2 2.39 106.6 1.34
88.1 99.6 105.7
81.0 102.5 106.6

HEILIR 83.0 5.27 97.5 3.05 109.3 1.64
91.0 104.0 108.7
103.0 100.0 105.5

ey RE 106.0 3.67 100.0 3.19 105.5 1.42
103.0 103.5 108.0
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