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Determination of residues of various neonicotinoid insecticides in Chinese
herbal medicine by high performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 6 neonicotinoid insecticides
residues (thiamethoxam, imidaclothiz, imidacloprid, acetamiprid, clothianidin and thiacloprid) in Chinese herbal
medicine of selfheal, wild chrysanthemum, honeysuckle, and honeysuckle bud by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods Totally 6 neonicotinoid insecticides in the
sample were extracted by acetonitrile, purified by QuEChERS method, separated and determined by liquid
chromatography-tandem mass spectrometry, and quantified by external standard method. Results The limits of
detection of the method were 0.1-4.8 g/kg, and there were good linear relationships between the limits of detection of
the method and the determination range of 200 ng/mL (r>0.9990). The recoveries of the method were 70.4%-108.3%
and the relative standard deviations were 1.0%-8.8% at the addition of 5 levels of concentration. Conclusions The
method is accurate, simple and rapid, which is suitable for simultaneous detection of several neonicotinoid pesticides
in Chinese herbal medicine.
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BRI AR 2 LUHAR B i . AR . NG AR
FAPLEET . S HA R BRI H UM . IR A A AT 5
SRR TR, W T 2R R B B,
JHL e e bR T o R L RIS E A A6 I AT R,
B GTEAG AL E Th 25 o RIS A 24 5% B 2 IR SE 2
SUy o IEAESR, TR 2 e A e g R )2 TR,
FIE | el | H AR [E GO AR 25 E AR L A 2
BRER PR, W e i) EEOR AP A PLBERIER A e 2E
AR, MR CPEZGI) (2015 AERO)W A HLE
TAS% 6 Fih 2k A DR BRI R, R 2 Hos
TCTE P24 TR e ol P A A 24 i A S AR L P PR R, 5
X e i P AR 25 s 2 B AR TR B AR AR, B
M Hp 24 A o A2 4x O DRI, S R R A A i
o> B

HBIE, B MR A 25 By A6 I Jr ¥ 32 2 WOAR €835 7
(liquid chromatography, LC). ¥AH -5 BEB ik (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)#l
AOM 6 - B3 B (gas
spectrography, GC-MS), T LC fl LC-MS/MS & MRmg s £
25 BRI Y F2 AT (R S GI T k EEEAE R E
M Bk, KGR BHIESE T, XS 2GR s ERS
WBEFE I FE D

MG EN ST SLPR A = L R, T sEE . SRS
214 T REAH AL B AR BCA 245 A 55 BTG, 7 S AETEIZ
FARNTRE, W R BT, AR SER AR, #ar—
PRI R LC-MS/MS 5%, FTF A2y G5
BPA5E . SERAE . SRERAETD 6 FET RIS A 24 1 5k B E i
E, LA H R R AR,

2 MHEREE

2.1 MEL RS RF
6% . WFEEAE . KU AR, JMRIE . EAEN
mitEhz,

API 5500 =520 AH (o1 B8 B T AN (8 E R R A &
/v Fl); LC-30AD AHEIE L (H A5 H/A F]); TDL-40C
BB ORI LR ), IKA MS3 iRk % 4
(5 IKA A #]); KS 501 #2 K (75 IKA 24 F]); Turbovap II
RAWGL(GERE Zymark 23 F]).

WE RO | GUERR Db ek L WE bk L i | Ok
(ZEE KT 99.0%, {E[E Dr. Ehrenstorfer GmbH A #]); H
fE. B, o . CHE(igal, EE TEDIA R AH), H
fhA HLE R Grprat, A2 ); PSA. Cog SEBHGEE
ARG ), LA 4R B T S TR) 56 J5% 17 BF 1 A

chromatography-mass

i T IR A AR B e A A PR A5 2 A VAT

TR At 5 VR A PR R A, ol P S P 2 2 R U TR
i AR MERE S M BC RGHR BE S 2.5, 10,20, 50, 100, 200 pg/L
AR AE AR
2.2 HmEEIE. REFSEL

B UIRE S, BRI TR AR G = 50), A,
AT R BRI AR N, EH AR AR IS . PRI 1 g
FEM T 50 mL .08 W, A LIEGE 1%4ER)5 mL, A
SAbEN2 g, PR30 min, LA 4000 r/min %350 3 min,
B & 1.0 mL, MIASFBCE FHAEEUR) PSA 100 mg, Cig
100 mg 4k, BIZIHRSE 1 min, L 4000 r/min 553 85.00
3 min, B EIEWA 0.2 pm IERGTUE, HALES TAES MR T
MIZE
23 BiESFRIEEY
23.1 RAEEEW At

3%+ Shim-pack XR-ODS(100 mmx2.1 mm, 3 pm);
WA A MK, B 5 mmol/L ZFRE/KIEIK, 0 ~ 3 min,
A 9 20%, B} 80%, 3 ~ 6 min, A i 20 ~ 90%, B H1 80 ~ 10%,
6 ~ 10 min, A 2 20%, B 24 80%; ¥ii#: 0.30 mL/min; FFEE
iE: 2l
232 LM

HAL IS 55 B YR (EST), IE & FRmlai=X, o7 IRRaE:
550 °C, KA 35 psi, F54LA: 60 psi, HiEIINHASK: 60 psi,
TEFES: 7 psi, BT HE: 5500V, ATTHJE: 10eV, 1
T R A W I S O R 1

®1 SREBTFENIHEH
Table 1 Monitoring and analysis parameters of
multi-reactive ion

K255 T THET BHERERE ERAE B ORE

(m/z) (m/z) /eV /eV /eV
211.0% 18 15
WERME  292.0 60
181.0 32 15
) 181.1% 14 7
SWEE  262.0 50
122.1 18 7
175.0% 26 13
MEEmE  256.1 60
209.0 23 13
) 126.0%* 27 11
mEMPE 2230 70
99.0 47 11
' 132.0% 19 3
BEHE 2502 35
169.1 26 3
126.1%* 27 6
BEHUBR  253.1 52
186.1 18 5

E o FoRERE T
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3.1 BEFHSERIERGHMK

HRYEHT AR A 25 B M RN 43 F- 4544, 7€ BSTIR Rk #
IEBETFHEE, R AR EY RN | pg/mL 1)
ZHE-01%FRIEMR(1: 1, VV), HEARBBGE S, #7—
PSS, SRR EENMHE] T E T, IS
FEFIMHTFETAM, BRRFETER, BT 2 X%
B W s X, P4k 22 B W (multiple  reaction
monitoring, MRM)#FX i f G A HAB TS S E( WK 1),

SHXT 6 BICHAHBRAR 2 1 SR TR R R,
ERFRYIX 6 FATE Cps IR RIRFRIORE . LI
BEVE R A HUARB IR SIAR, BN R G RO, ki
R TE, MR CIEVE A VUGB, WA RS E T
Hif, OREIERBINFR. LR OE+S mmol/L LREE
IKVESWAE RIS AR, 6 BEBEAT 43 5, AT LAIK T 2209 43 B AL
R, BARARE S I IS RAFor s, Qi 1.

32 HMmERSEL

MR e, SR AR . . Bk,
Y. AR . BREYR, HIERAE M RBGEFIT
HEE, BRI RZEIE THEE . CIEEWREA HLE
#l, 454 QUEChERS #f 5 ALBIHG A, 52861k 2 W5 1E M ik
WA ARV TR, B2 R A R S N AR, il
B VR ARG IR, SRR 2GR 1% LB ETE R
PRI TR H RIS 28 R A bR s B ) 52 o ZERE
JbRUEE R 0.1 me/kg, HELLNEM 1% R L NGB b
BARAREINCR, G5REW, 1% 8 2GR (0
#2), ILASLEG R A 1% 28R ZHE1E R RBGH .

QuEChERS J7ik OV 812 B FH A 25 5% B3 46 I iy 4
Fm ATAR B AR, 3205 1R A A A BRSO 32 225 PSA
Cis M ARALERER, AT ARAE AR fh 28 5 A e U Ak & 9 9 1 o
RIGEFE . PSA MBS REA 5 L BRAE M H R0k .
BLER . WY SR B A T, Cos W B 57 BB 22 BR &R 43
AR P R 1 F0 B VA PR 2R 0T, A 52 Ak il PR B 2 R £ 22 R i

2.14
Lo el ARSI WA T R PSA+Cry. PSA+A AL
- M (graphitized carbon black, GCB)/FE A4 # [ A0 25 B4k,
z 10 Ty 2K % ) [ B, 2 L B A
= WL, FUALTT AL B A R AR, XRESER R N 0.1,
00 A L) 0.25 mg/kg, HAk 2 4L 7 20 BRI KA 25 o i R f
0.0 10 20 30 S, SEIGEE IR, H] PSA+C s 5 PSA+f Ak 7% BEAE
I 6] /min Al 97 K H % R RS Rk (L 2), %1

F1 B 253 5 PRI R MRM 35151 (10 pe/L)
Fig. MRM chromatogram of neonicotinoid pesticide mixture
standard solution (10 pg/L)

SPRE S B AL SO (LI 2~3), TR PSA+C 1E R
AL

Fz2 TEHRBUSLE MRy E SR

Table 2 Recovery rates of different extraction and purification conditions

ZEE 954 PRH AL WE th gk SEMK AL I B Pk 98 1 fre 198 H Bk
st Z Wb 62.6% 75.2% 77.4% 66.0% 50.2% 44.6%
(0.1 mg/kg) 1%L R N 81.7% 81.8% 86.8% 83.5% 73.5% 78.0%
HAL PSA+Cg 77.6% 106.3% 126.6% 90.5% 101.7% 80.6%
(0.1 mg/kg) PSA+GCB 79.5% 110.3% 126.8% 88.3% 100.2% 82.7%
oL PSA+Cig 87.5% 118.1% 119.0% 87.1% 93.7% 80.0%
(0.25 mg/kg) PSA+GCB 86.5% 117.7% 115.1% 84.7% 91.3% 80.0%

1.7¢4 |

2.0e4
& 1.0e4
=) i
= = 1.0e4
=
0.0 0.0
0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0

fif ] /min

K2 PSA+Cis L Y EAG B 25 35
Fig.2 Chromatogram of blank prunellae spica sample purified by
PSA+Cis

5} 8] /min
K3 PSA+GCB Ly 5 Ak B as (g R

Fig.3 Chromatogram of blank prunellae spica sample purified by
PSA+GCB
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TR R LR 2%, H AR ARG W I e R A 23 37 B
FE 5 0 L (RIS BB i, PR 3 X A 35 o 3 R R A T
HEE, 43 BIOR F Al SR RS o 5 SR bR o i 2k, IR X 4%
UL SR o B AR A AR R T R, AR
4 Matrix Effect(%)=A/Bx100, A, B 43Il Jg 5t 5 v 5] v
HArn it AR, SePRUe A 50 ng/mL Hsf AR L M 071
YER AR, G5RILTF 2 30 MILFH/NT 100%HF, £
FEFAFTESL AN BN, KT 100%IF, 565 A7 76 1 3R sk
N o TR S 2 BH A [A] (R A it X AN [ B9 s 0 19 386 T 8
ZE5WE L DO I E 45 R s, SR A
PEBOR FCHIAR S TR R 9, (AR HEVA IR 2R 5 RIS G L
A RIRE R Ak 25 F, AT BRAE S 5 4
34 ZMSEEIFMEXREK

SR S5k R E R, A e P AR 2R H
FEIFARE TARR RS TR e TAEMZR . FHR L EJ0k,
LS FUHRBURBCHIREE A 2. 5,10, 20, 50, 100, 200 pg/L

BIBRIE ARG TN, hlbrErZe, LLorrapid i
X HHR FEAELR AL, 13RS A G R APE I R, AT
LT AR WLER 3, LA IERT A HT ) & 2 E R
(2 ~ 200 pg/L)NLM: KR RAF, MHIRERECKT 0.9990.
34 FEMEWERSERE

N — 2 1 BTN BRAR 25 b HE TR AN I 3 AR B | B A
1. &M, s AR, H1E S MRE, 29k
0.02, 0.1, 0.2, 0.4, 1 mgkg, #4T 7 MEATEE T, W
BEY T B L 70.4%~108.3%, HAXT bR #Ef 2 (relative
standard deviation, RSD)Jy 1.0%~8.8% (L& 4), £F& 4%
B B 43 b g SR (15161
3.5 FHERNKER

TR AIRARR, ARG E W 5 png/ll, PL1 g a8
PR R SEBRAS I A T iR BRI G, L 3 A5 (5 L
(SINYTIE., mErumg | GUMEMR ., NLHbk, BEdubk, WEHURE | b
SRIRAGAG HH BR 4351k 4.84 . 4.00, 3.85.,0.19.,3.53 ., 0.10 ug/kg.

®3 TRERZARIUGRFIFFERZPEITHFE, &M XRAMERYX

Table 3 Linear regression equations, correlation coefficients and matrix effects of neonicotinoid insecticides in different matrixes

RG24 R FE i FE 5T LI R (Y=aX+b) LIEE Y FE /%

R Y=2.19x10*X+1.52x10* 0.9990 93.2

- Ligpia Y =2.19x10* X —6.15x10° 0.9996 79.7
* SHAE Y =4.65x10* X +1.66x10° 0.9999 97.2
TERAE Y =3.87x10* X +2.49x10° 0.9998 88.1

R Y =5.52x10° X +3.44x10* 0.9994 101.5

Jo— W45 4L Y =2.88x10° X +1.75x10* 0.9990 44.1
AR Y =1.02x10* X +9.48x10° 0.9997 94.0

INERAE Y =8.49x10° X +2.15x10* 0.9996 81.0

HAhE Y =9.07x10° X +1.94x10* 0.9995 95.1

LI pia Y =5.89x10° X +1.31x10* 0.9990 67.1

ML AR Y =1.65x10* X +5.06x10° 0.9997 150.6
INERAE Y =1.31x10* X +7.17x10° 0.9996 152.9

HAhE Y =4.69x10* X +2.33x10* 1.0000 89.5

_— LI pia Y =2.30x10* X -2.75x10* 0.9993 41.9
AR Y =1.01x10° X +1.02x10° 0.9996 126.5

TERTE Y =8.39x10* X +2.04x10° 0.9991 127.6

HAhE Y =3.98x10° X -1.01x10° 0.9998 97.9

e A Y =1.84x10° X +2.35x10° 0.9995 69.5
il AR Y =9.55x10° X +2.59x10* 0.9999 93.3
INERAE Y =8.03x10° X +3.40x10* 0.9995 84.0

HAhE Y =5.22x10* X +9.32x10* 0.9997 88.9

— Lig Ly Y =2.62x10* X =3.53x10* 0.9993 37.9
BHAE Y =6.40x10* X +4.11x10* 0.9994 100.4

TRAE Y =5.82x10* X —1.46x10* 0.9995 83.8
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Table 4 Recoveries and precisions of the method (n=7)
REAH W (mgke) A LI pia SR INERAE
FHEE/%  RSD/Y% FHEER/% RSD/% FIEIEHE/%  RSD/% FIEIEH/% RSD/%

0.02 102.1 52 82.6 5.5 81.6 3.8 75.0 6.3
0.1 94.7 3.8 87.4 6.3 81.8 3.3 80.7 8.1
WIE H IR 0.2 99.1 2.6 87.5 5.4 81.3 3.2 88.0 5.4
0.4 92.4 1.4 84.5 32 78.4 2.1 86.0 6.5
1 93.2 1.0 88.6 3.0 75.2 3.8 83.3 4.6
0.02 70.5 45 97.9 3.8 70.4 4.4 75.0 6.3
0.1 96.0 4.6 90.6 5.6 76.6 2.3 80.7 8.1
SAIER 0.2 98.3 3.6 90.4 4.8 76.7 2.5 88.0 5.4
0.4 92.2 2.8 82.1 43 72.7 1.5 86.0 6.5
1 95.6 2.4 91.5 2.7 74.4 3.1 83.3 4.6
0.02 103.0 52 96.5 7.1 71.3 2.1 80.6 4.7
0.1 92.6 4.4 89.9 5.1 70.9 8.3 93.4 6.3
N, H ok 0.2 94.3 3.9 94.8 43 89.3 3.0 95.0 4.4
0.4 93.6 3.9 84.0 2.6 82.5 3.5 107.3 1.5
1 85.4 3.6 89.2 3.6 82.5 2.4 81.2 7.8
0.02 80.5 5.4 84.1 5.0 72.4 2.5 99.5 5.3
0.1 83.2 5.7 88.3 6.7 81.6 42 100.1 6.0
W o1 fpk 0.2 89.6 7.4 89.3 2.9 86.5 1.0 96.0 1.6
0.4 90.0 6.1 83.0 4.3 80.3 3.9 108.3 45
1 87.6 3.9 92.3 4.8 77.8 2.0 90.1 4.8
0.02 86.8 42 90.0 5.7 76.5 3.3 86.5 3.7
0.1 90.2 4.8 91.1 52 79.4 2.8 88.1 6.9
W H e 0.2 85.8 5.3 92.7 4.9 80.5 3.4 95.0 4.7
0.4 85.4 43 84.5 3.8 77.1 2.4 94.1 45
1 86.8 2.9 90.6 4.2 73.7 1.4 82.9 4.4
0.02 76.9 8.4 85.1 7.8 77.7 7.2 101.3 3.1
0.1 81.0 5.8 86.9 6.5 85.6 7.8 99.1 2.2
W et Dk 0.2 90.3 7.5 90.2 4.8 89.5 8.8 98.5 2.0
0.4 91.6 49 84.2 4.8 86.9 8.0 87.8 1.6
1 94.3 2.0 96.7 3.7 713 2.6 79.4 23
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SEBRIN E R L 25 TR W AR R R 2GR e BR A . TR AE
FPAHAE . EOE 4 AR, Bk TR A 2, Ve B A
1.2~22.5 pg/kg, FHIREIT AL BEKEZ, 6 Pl
RKH, B R, SR T %S, 45 RERAF 0N
Xof O 8 B T A HP 24 A8 TR o8 FH 1940 8 24 ok 4 I 1) 5 P PR
BRI Z B T R 4

2 it

AT EREE % QuEChERS JMEiRBUAHLE, R
AR FR BSOS T B N8 o R TE TR, P, R

4

B, JFEA R RORT S, B AL h 2
AR 25 5% B R 1) R

x5 EIRERENE
Table 5 Test results of actual samples

5 e BE /(ng/kg)
ez JicE] Ligpia E PN INERAE
15 1 W 12.5 5.8
SHIGEME 16.8 5.7
M b 14.4 14.8
g e Jpk 20.5 6.1 11.9
19 1 e 13.7 10.0
E T Ik 225 1.2 7.0
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%% iﬁk neonicotinoid insecticides in edible fungi using ultrahigh-performance
liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) [J].
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