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spectrometry, GC-MS/MS)Killie& v 15 ik 2h5k R k. Bk MR MNLOERIUG, AR %
(primary secondary amine, PSAM A EHL, K GC-MS/MS 24, LAAR B i a) A1 28 [ o Wi (multiple reaction
monitoring, MRM) & FX§ & P43 #r, WETHAUE 0T, GR 15 FIARZHAE 10 ~ 200 pg/L k¥ il P A 2R 6
ZRYE, HEREORT 0.995, AT 4251 E R RN 0.012~0.205 pg/kg; 7E 0.04. 0.10, 0.20 mg/kg HFRAKET,
15 FA 292 IR Hy 94.8% ~ 111%, HIXIARMER 2230/ TF 10%(n=6). £&I& ki | Pebt | Ewf s
PO BEGT, AT LA o ) e 28 v A 24 5% B8 19 o5 RS DU B AR
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Determination of 15 pesticides residue in honey by QuEChERS-gas
chromatogram

LI Yan-Mei"

(Fujian Inspection and Research Institute for Product Quality, National Quality Supervision and Testing Center for
Processed Food, Fuzhou 350002, China)

ABSTRACT: Objective To establish a method for the determination of 15 pesticide residues in honey by
QuEChERS-gas chromatography triple quadrupole mass spectrometry (GC-MS/MS). Methods The honey samples
were extracted with acetonitrile, purified with propyl ethylene diamine (PSA) powder, and analyzed by GC-MS/MS.
The retention time and multiple reaction monitoring (MRM) ion pairs were used for qualitative analysis and peak area
was used for quantification. Results The 15 pesticides had good linear relationship in the concentration range of
10-200 pg/L, and the correlation coefficients were greater than 0.995. The limits of the quantitation (LOQs) of all
pesticides were 0.012—0.205 pg/kg, the recoveries of 15 pesticide residues spiked in honey at 3 spiked levels (0.04 .
0.10. 0.20 mg/kg) were 94.8%—111%, and the relative standard deviations were all below 10% (n=6). Conclusion
This method is simple, fast, accurate, and suitable for the determination of pesticide residues in honey.
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W e A RAR B hh, BRIETINE, BR&S A WA R
WESME A AR AR . AR . S, HA
PRAPUIFIE . Mg e 0y . R . A B B K 1 10 0565 50 14
TREEVER] . BT, BE O ZhH TR, B
LA ELHSL W e B R R . BT R B R
RAE T RIAR 2575 Y (0 AR N B e ARORE S R BB T
ARG S i iy, 0K 5 B 2 2 B 95 g%, DA L4 A
i A A fe

FUHT, 0% b i AR 25 5% B 2 A AR 0] L R
AR BREFSE Trungu S5 PI6HR IR T 1 Je W A% ZE 4
FOE T 5 A i 28 Rl B RE AT A, R B
TR A B 11 % R At KR R KR R B 2 A ARIEDGE
ZEBIRGI T o [ TR E A A 63 (YR, K BIAT 20 YRR
S TR, 10 O RF b S A U UG ;R AR
R T 25 5y B S AR it v A O R0 Y R B G, G e b il
Jhie W EEA | Ik SR A TR A R R . O T IR
TH P e, W | 56 ] B H AR S5 [ 58 F it [X 24 % e 2
TR A 25 5 B R E T B R Ak B R A, ELAS T X e AR 24
SREABRAE . RN R TR AT FR VR S e K, T
X B b B 5k B BRI T e AR S AR N A v
T e o e K ARZ ik B PR i, DA 8 2 v 1 Ak 2 5k B R AT
Ko T 28 A [ G o 0 e vp A 24 5 B T ARG
FEEAEPER M AR SR E - R O
VROAR R IR ST AT PR OR 03 - DU AR AT
£ (gas chromatography-triple quadrupole mass spectro
metry, GC-MS/MS)HF5% i 2 Hh 22 Fli i 24 5% B8 A6 9 fF 55
fif /b, GC-MS/MS iR B UM 3 - il i J5UA S g )
SRR A BRI T BT AR A SRR, SR TS A4 E M e
71, H.2 % Wil (multiple reaction monitoring, MRM)F¥J
A Mtk F GC-MS [ 3% 5 14 B 7 15 M (selected ion
monitor, SIM), %-F i, AT EE T B2 PR R E
[ 15 Bl 25 B FE 54, L QUEChERS Jy 35X i 2 it
TTAb3E, RA] GC-MS/MS Jriki#fA74r 0, LU A e 2 v
A2 5% BE B 23 BT R A —FlOBT /9 0 A T B, O PRI I
Ji R R AR Sy

2 MHERE

2.1 IR
211 R E

TSQ 8000 Evo —HPULLHFF il AL (3 E Thermo
Fisher Scientific 2\ 7)); Multi Reax 4= HEBIIR % o5 (15 =
Heidolph 23 ]); SIGMA2-16K & 20850 L1k FE 58 Z F H72
l); &FF AutoEVA-20 Plus 4 H SRS (E 15 R

LA BRAFD; Milli-Q #ai /KL% Z48(3 [ Millipore
NEINE
2.1.2 SEERH

PSR | IE E ke AL Tl . 28 20 (i 4l ()
A FBR A F]); W Z i (primary secondary amine,
PSA)(3£[E Sepax Technologies 2\ l); Carb/PSA [ AHZEHAT:
(250 mg/250 mg, 6 mL, JtaUiH DRI A BRA ), ARifEdh:
TAHCE (4l 98.90%) . FFE 7 (LHE 99.93%) . Rz M (4l
98.22%) . HhRIFiBE(ZIET 99.46%) . FEFEWL(LIET 99.80%) .
MR (LEEE 98.72%) . —MBEE(ZLSE 98.91%) . AR (4l
98.80). MIAEG(LEEE 95.42%). ZIHMR(ZERE 99.33%). it
(SR 99.97%) . MERERA(ZE 1 98.00%) . 58T A MG (2l i
97.39%) . R AGEG (4 97.30%)(#%E Dr.Ehrenstorfer
GmbH A Hl).
2,13 ZEH&

S M R L A R T .
22 ELWHE
2.2.1 AR B

b o A 25 7 W PR I — E i Y bR E B IC TR
100.0 pg/mL B & br fE W W, fE 8 R — & = W
100.0 pg/mL B &R MR, H W 2 B # R
1.0 pg/mL MIFRHERGE &AW, BB TIKAAN 4 SCHRIRIRTT

Ll AR MV R s RS A 43 0 B IR — e R R
% 1.0 pg/mL MFRHERERVEE 10 mL ZFfirh, 2R
BREZY, BoiilHk 4504 10, 20, 60, 100, 200 pg/L AYHR
HETAER

FESTAR A L s o 3 R i A 2
P2 FIRR D, JF AT AL B 2 25 R R [R) v 5 A b
WEV, WO AL 10, 20, 60, 100, 200 pg/L FIFE R PCELFR
HELAEW
222 AT

()FE &L A FR B

WS, BURKE 5.0 g(RE TR 0.01 g) T 50 mL
B, A 10 mL K IR HENR % 4 5 FE 0V fff . T
10 mL ZBR B, WHERY 5 min, i 2R ZEE 5L AR
S, FIA 3 g SALBIRTER A 1 min, {26 28R RS
KFERGE, Bl

(2)41k

DCarb/PSA FEAHF B4k : B EW KR 2 mL 5
Carb/PSA #:(ZFE 5 mL N Hil+1E 2 5E(50:50, V:V)ifi1h) ik,
FFH 10 mL PNEA+IE 2 %8(50:50, V:V)BEEAET, WEETE
TMHYIRET 15 mL BEEOES, FREET, AR
ZEREARZE 2 mL, i 0.22 pm A PVLIER TSRS, -
BRI

@QuEChERS #tfb: B L& 2 mL A4 A 25 mg
PSA, i€ 30 s, 15000 r/min 5.0 2 min, B FI& RS



7468 B dn 2 4 R R I A 4R

81

0.22 um WA HLIEREF IR, LHLARN,
223 &L
{3 HP-5MS BN HE(30 mx250 um, 0.25 pum)
SARETE LM HERMATR 1.0 uL; BEEE TR 260 °C;
AR AR RALE R (L E>99.999%); BRI
1.0 mL/min; AEIRFRARF: FIIREE 60 °CLAFF 1 min,
25 °C/min F+ & 150 °C, 10 °C /min F+ % 230 °C, 20 °C/min F+
% 300 °CHRHF 5 mino Fii 45 F: BB TR, HERER 70 eV;
BFIIREE 230 °C; IUZFFIREE 150 °C; 432 LIEEE 280 °C;
TS FIAEIR B ) 4 min; B R AR 7 X8 £ =00 W (multiple
reaction monitoring, MRM) 7=, £4& 25 2H 43 A4 £ B B 1] |
FRIE R 0T KR RE S B 1.

3 HER55H

3.1 REUATIRERE
R B SRR R 75%0A F, REFREE R, SUKED,

21 42 PSR AR PR A AR SRR, e S R BGRI AN AR,
HAE & 5 T OB MR, E AR T R 2 4 1 2 b W 2 R i
PR R BOSCR F 22, WA 5T 5t PRI B (4 7K T i e
%, AN HIAR . HAETR 2508 IO 48 TR
ECKRRER . RO, 2. WESKEE, A5
TR S KA T B R PR, R SRt 4 Es, X
W PE 5T 1 F BORCR 5 2, ol A5 LB L P Ml S A M 2 o
B CIETESA — 2 UK IR R, B,
A FFA AR AR 2 BRI . A ST 1 s T
¥ 0.10 mg/kg A 1123k % [ 2R S SN 2 2 R
X 15 PRI ARBCHCR, 2SR IE 1. ME LA, 2@
ZEERMZNE M B TP 15 PR 25 IR BUSCR 3, 1]
WCRIITE 85%~110%2Z 7], PI& Z [0 JC B 3 2 5 (P>0.05).
R AR B MRS, W O IEX R RIS L
TR LR, i e Sl AR LR CRE N
PRI o

F1 BHRARENRIENESH

Table 1 Mass parameters of fifteen pesticide residues

=2 V&) 4 B4 Bt 18] /min ERE TN (m/z) Rl fil it /e V EWEE T () REERER/eV
1 R 5.81 109>79 5 184.9>93 10
2 R 11.92 220>192.1 5 234>146.1 20
3 B g 11.98 285>269.9 15 286.9>272 15
4 Rk 12.36 126.9>99 5 172.9>99 15
5 BESEIR 12.6 196.9>169 15 198.9>171 15
6 = I 12.66 208>111 20 208>181.1 5
7 T T 13.39 128>65 25 168>70 10
8 S T 13.5 128>65 25 168>70 10
9 ARk g 13.95 111>75 15 175>111 10
10 TR T 15.82 183>155 15 185>157 15
11 ' 15.89 141>63.1 30 141>113 15
12 86 e 15.91 275.9>171.1 10 332.9>171 15
13 A G 2R 17.02 147.2>117.1 20 147.2>132.2 10
14 W BE B 17.09 210>182 10 361.9>109 15
15 AT 17.29 163>91 10 163>127 5
16 AHAN 1 17.34 163>91 10 163>127 5
17 SRR 111 17.43 163>91 10 163>127 5
18 TN A 1 18.51 250>55 20 250>200 20
19 SR B G 1T 18.55 250>55 20 250>200 20
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Fig.1 Effects of 2 extraction solvents on the extraction efficiency of 15 pesticides(n=6)
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FEZRE PSA MK, Cis ¥y K T4 A {bhk & (graphitized
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WEJE . AL, 1M PSA AT LA RS BRAE o 3L o vh A2

BERiR . B2 A LR S5 TP I LA S o b (37190,
AR 5T X 25 BT INAR 0.10 mg/kg, i ik [l 2R 2 2%
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Fig.2 Purification effect of 15 pesticides byCarb/PSA solid phase extraction and QUECHERS (n=6)
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34 FHAENZMXR, KUR, BWERMEEE
el 10~200 ng/L 19 5 A~ RN S TR AR ER T,
& GC-MS/MS b TIE, DABTRWE (X, ng/L) Ak
b, PAVETEFR(Y) AN A BR2s i 25 Ab S Wb £k LAZS
e B B E IR 7K 0.01 mg/kg FFa Rz i FHLIR Ik
JEHR 30 pg/L, Lh 10 RE{EME 5 vk B (limits of
quantitation, LOQ), i3 2 Rl 4l, 15 P25 a0kt R B 4F,
ASEZRE r ¥k 0.995 LU L, A mEsR, HaemhiRy
0.023~0.205 pg/kg, GB 23200.7-2016 {$&% . Hyt-FiRmg b
497 FhAe 2l A SeAb A Ak B I e ) IR Ge-MS

MER 15 PR 250 E R/ 0.008~0.132 mg/kg, 7] I
GC-MS/MS 751 15 PR 25 iy E St R EAR, & mBe i

TEME B 2S kRS TP 0.04, 0.10, 0.20 mg/kg 3 M
FRACE A —E B IR SR MEET, 7 2.2.2 Sty
FAUSIAKCE-E M 6 A PATSER, THEE- 2 [ S FAH
Xt BRI 22 (relative standard deviation, RSD), H:&k 8 L3k
2. FTAHD 1S PR R IRCRAE 94.8% ~ 111%, HXTARIHER
Z/NF 10%, AT 3 SIiAR7KF 6 YEA T A IRl 2l RSD
Y554 GB/T 27404-2008 [ F sk 22 32007 i 1 v vk
GESCR =S TN

®2 KMEEAEE. BXARK. EER. ERME. MIRREEMEXIRAERZE(=6)

Table 2 Liner regression equations, correlation coefficients, LOQs, matrix effects, spiked recoveries and RSDs(n=6)

FCRE EmR RN 0.04 mg/kg 0.10 mg/kg 0.20 mg/kg
FE o RY B EVEp¥ i
r /(ug/kg) % B /% RSD/% B /% RSD/% [EIH/% RSD/%
1 R Y=4.519x10*X+1.158x10°  0.9980 0.017 2.4 96.4 2.1 98.7 3.1 102 2.7
2 AR Y=2.945x10*X+2.760x10*  0.9997 0.050 1.4 94.8 3.3 104 4.2 107 0.8
3 FHEHE  Y=4.524x10"X+8.350x10*  0.9990 0.023 0.9 97.2 2.0 100 3.7 95.9 1.6
4 THIEHE Y=7.416x10°X+6.799x10*  0.9997 0.023 2.1 103 5.5 106 2.6 102 1.1
5 FEIEME  Y=4.710x10°X+7.703x10*  0.9992 0.057 0.9 95.2 2.9 97.3 2.1 109 2.2
6 AR Y=2.566x10X+3.348%10*  0.9995 0.037 0.8 98.8 3.0 103 3.2 99.9 1.8
7 SMEEE Y=6.032x10*X+5.159x10*  0.9998 0.106 1.7 101 6.6 104 3.9 105 1.1
8 RUEEE  Y=2.195x10°X+2.846x10*  0.9995 0.012 2.1 99.8 45 109 3.6 105 6.5
9 TRIEEE  Y=8.571x10°X+1.329%x10°  0.9993 0.064 0.3 96.3 2.0 106 2.7 104 1.3
10 W5 v=2.845x10*X+5.680x10%  0.9988 0.085 -0.7 105 6.6 109 2.5 109 2.3
11 MEBERE  Y=4.516x10°X+1.362x10°  0.9973 0.021 -1.6 97.7 3.0 103 1.6 102 1.7
12 BB R  Y=1.263x10°X+3.795x10°  0.9973 0.029 0.6 95.5 3.8 102 2.9 104 1.6
13 WREERE  Y=1.420%10*X+4.182x10*  0.9974 0.095 15.1 100 5.9 99.4 7.7 106 4.7
14  FAEHEE Y=4.087x10*X+2.018x10°  0.9957 0.160 6.2 107 8.1 111 2.6 101 1.3
15 BUBEEAGE Y=3.174x10*X+2.772x10°  0.9955 0.205 11.2 106 7.4 106 5.2 99.7 0.6
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ERER AT, SEIRAE 20 (U EEAE S R I AR B ARk
R .
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BB 15 RSB R AT ik o 15 PR 2 (e e B Lo

Y E BB N 0.012~0.205 pg/kg. 7E 0.04.0.10,0.20 mg/kg
TFRAKSE T, 15 Flfe 25 09735 NS Z 7 94.8% ~ 111%2Z 1],
H RSD BI/NF 10%. 17 L MIME . PbE 68 ROk %
LT, R LR Ry o s 2 v e 245 5% BR 09 B A UG AR o

SE Mk
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