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QuEChERS- -

ROB, HEE, KR, IEE, ALk, HER, O
(fE S a2 L ST R IR A SR B, fR 0 350000)

W E: B @ 2RI QuEChERS-TRURH 2% - 5 I 5T 3874 PR ) 2 A% vt v G 8 P gk e ok B St 1)
ST, Bk FEMACTEIRE, ZRERANKE QuEChERS Jikidfk, 4 Agilent Eclipse Pluse C g (A5
(2.1 mmx50 mm, 1.8 pm)ZrEs, LL0.1%H BR/KIEB(A)-Z 6 (B) A i shAR A TR BEVERRG, J-7F 5B B IR IE &5 7
2 I W Wi (multiple reaction monitoring, MRM)#EZ T AT E, 25 HIEEBAMRL E R, &FR 5 Fasmt &
I HBERETE 0.1~50.0 ng/mL JE I PIZEPE R 1F(r>0.995), #iHHBRA 0.5 pg/ke, ERBR A 1.2 pg/ke, 7F 0.5.5.0,
50.0 pg/kg FHKET, S IMHR R ZRTE 84.4%~103.9%2 0], X FRUENNZE H 0.8%~8.3% (n=6), L& %
TEHA B R G, BRYERTOE . WERR AT EE, 3 T2 i v U R I e A 24 5 B St g A

REIR): WA - AR IR BT R AR IR QUEChERS; ZBERRINK A

Rapid determination of chlorantraniliprole in tea by multi-walled carbon
nanotubes QUEChERS-liquid chromatography-tandem mass spectrometry

ZHANG Cong, YOU Jing-Jing, CHEN Liang, WANG Xiu-Yun, LIU Yi-Jie, GAO Hai-Rong, CHEN Shuo"

(Fujian Institute for Food and Drug Quality Control, Fuzhou 350000, China)

ABSTRACT: Objective To establish a method for the rapid determination of chlorantraniliprole in tea by
multi-walled carbon nanotubes QUEChERS-liquid chromatography-tandem mass spectrometry. Methods The samples
were extracted by acetonitrile solution, purified by multi-walled carbon nanotubes QUEChERS method, separated by
Agilent Eclipse Pluse C;g column (2.1 mmx50 mm, 1.8 pm) by gradient elution using 0.1% formic acid solution
(A)-acetonitrile (B) as mobile phase, detected on a triple quadrupole tandem mass spectrometry with electrospray
ionization source operating in positive ion mode under multiple reaction monitoring (MRM) mode, and quantified by
matrix external standard method. Results The linearities of chlorantraniliprole in 5 kinds of tea were good in the range
of 0.1-50.0 ng/mL (r>0.995), the limits of detection were 0.5 pg/kg, the limits of quantitation were 1.2 pg/kg, the
average recoveries at 0.5, 5.0, 50.0 ug/kg addition levels were ranged from 84.4% to 103.9%, and the relative standard
derivations were within 0.8%~8.3% (n=6). Conclusion The method is sensitive, easy to operate, accurate and reliable,
which is suitable for the determination of chlorantraniliprole residues in tea.
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multi-walled carbon nanotubes

0 35

GAHR R gt e e EL A 00 P e R R I B s Ak
FA R B e 25 R, RO, KR, DL R BRI A
Tp S s R N T A BvE BBt . B, &
] At U ORI R i = . KSR AR B VR R
FEA RE BTG, AR AT R A A f R IR R A
i Bl — o R A A 2 A 1k T R R A o A,
R B A 24 B st 0] P S0l — e 3 e A i 2R, R T
PR A I 77 e At BT, P45 g 2001 5 R Y T e (5 5 A
BmE AN, R H AT R A A R R A A R
SEFNZE AN B A (B, TR AT R 2 b 4l
i< F i e 1) PR St SR FE N R, TTRIC L AE 2015 45k
BT T E AR A B B A, 2019 4, AN R d
R I P PR (R FAAE 22 0.02 mg/kg), [EIPRE bk ML ZR
A2y FEE K HAWEE T A5 o G 58 B e (9 PR
50 mg/kg!®, PRI IE A A S AR H R o R
R, AR E W O BT, ORISR
BRI 10 T

B FH AR 258 BR ELASIN 4 i A B R R A A AR
BTV A A Y e I R AH 4 B B R (QUEChERS)!!)
% . QuEChERS kM . f8 . A7 HLIER AR
M5 OV Bl vz T A 2 B RGN, EJ S A S A [ A
FEWAIBORZEBUAA LY, QuEChERS 7t A TE i+ fLRE 155
MBS R T s HOg L RE ), — SR R R A4 R}k
SeRARAEGE ) 40 AL TR 2B (graphitized carbon black, GCB),
N-H % 2 R B 57 (primary secondary amine, PSA)., +/\
LS it ik A FE I (ostade-cylsilane, Cig)5F, HLUN4: @A HL
‘B %8 (metal organic framework, MOFS)[”] . A L e
(covalent organic framework, COFs)!'?! £ B¥ ¢ 4 >k 45
(multi-walled carbon nanotubes, MWCNTs)!" 14 | 55 HiAth 3
IR BHAE LG, MWCNTs bR IR . 2R e thir . HLbg
SREE =R, R IEA S HlA . MARIRERI LR, SR T
FA 2 5% B R A AG I U

IR, VRO € v SR A I S et e P i ) 2059k,
ER A 5 My T A AE — 28 B BRIG, T BT i 1 e R A
FE R AT LARAMEAE (3 ik i il s, SO AR R G T
0SRG2 Y B i A 4 3 et 2 1O (H
R FEE D FRECHOES AR BRE, X T4
I G o % P R ARG A 5 A/ Mg U SR HLB
[P A A R v A, VOR3-S R BT i A T S ey
S BRI R B i A 1R A QUEChERS Jy iki4k,
SAEIE- BT T R0 6 A 2iER R K&

il

EhAs; 2445 R H QuEChERS J7 44k, WA (A
T - E T B AT T 2 v e S R Y T e R R o e
(i1 4 2 RO v A R e, R ML) A o K HLFE R
QuEChERS J5 i A 45 & S (0 1% - FR T RS L 7E v Ak s
TR BUR T NG, SBEBL, HAZ5M QuEChERS
DA RORAE,  F LR EER, AELETS S A 1
KB BT, AR A ORI, MWCNTs Btk i
QuEChERS J7ikige4b, AR (635 - B8 306 S0 33 1% ) o8 A4S rp
B4R R ER B, 2 i T 186 HEASIF] = Hh
T2 (g A 0 v G R R 1) 5% P, DAk s
F I ZE 0 ) T BRSO Ty i, A R PN A S
A T % B8 e 0 22 4 XURS PG SR A H R R RS S 15

1 MR5ERZE

1.1 XBE5RH

1290 Infinity ZHEMS &R AH CLIG (38 B LR 2
f]); AB 5500 Qtrap — HPUMLHFF I (ERE AB 2AHH));
CR2IN ELHL(H A H LA ), MS3 BURBER A #5 (12 =
IKA Zv#l); XSE204 B FKF-(0.1 mg, Fh-LAGRHHE)-FLA
Z/vwl); HM100 TR (L stps Sl 23 wl); S28e
HB 47K B Milli-Q # 47K #%(3E [E Milipore 23 H]).

N (it P8 EERTEAR]); MWCNTS (4M2 3~5 nm,
HME 8~15 nm, K& 50 um) ., HER(EEAE) (L ERTHT 21k
BIE RO A BRI D), JORBREREE . PP IREN . PPk — N
Ehortral, EZERAAFIABRAT); PSA. Ci. M
BT [2 em(K)x 1 em(FME))(FRIH A1 T B AA BR2S ),
S TR REFREYI (100 png/mL, FHEAR Y SRFRGE Tk Bt
KB ) o

ZMRESL T B ST A SO T, a8 R TRE SOk A
A SIC A ity 91 7 i e I 0 e Y T fe 7k B PR
1.2 WREHE
1.2.1 Hepara

AT 200 g MZENRESL, SJ)AFES TR,
1t 80 H i 5 Bk T HIRPE T, T 0~4 °CLRAF . HERIFRIX
MR 2.0 gCRERTIZE 0.01 g)F 50 mL BIELLEN, A
SmL HZKIRGERS)E, #ikR i 30 min, HEFIIA 10 mL
MRS, % B T)RE TUKAE-18 °CA 41 30 min, 15
A 4 g TKBRRREE . 1 g FrERREN . 0.5 g FriEm 4l
Ve, RIZURBENRS 2 min, LI 9500 r/min fif4% 3
B0 5 min, BUEWW 5 mL T A 500 mg JC/KBRBREE .
50 mg MWCNTs. 100 mg C;5. 100 mg PSA [ 15 mL [
OEWN, WEEES 2 min 5, L 9500 r/min A9FE B0
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B dn 2 4 R R I A 4R

12

5 min, B FiERGE 0.22 um BOA HLIERE, FF EALINGE
1.2.2 AR AR 6 B4
HERA R AR AR EY) T 1 mL T 10 mL A5

LA, A I RE A R O 10 pg/mL AAR HEH 8],

-18 °CHRAT; MIELIGTIOR, HEME 1.2.1 BURR S AT AL HA T
AR FRZS SRR Sh A 28 R SR SR, RS 1 B B I
Hl B E R 0.1, 0.5, 1.0, 5.0, 10.0, 20.0. 50.0 ng/mL
FRIBRE TAEVA R

1.2.3 RA8EE-JRE At

it Agilent Eclipse Pluse Cg (2.1 mmx50 mm, 1.8 pm).
TBIAH A 0.1%HER/K; WBhAH B: ZNE; Ak 30 °C; W
W: 030 mL/min; PERER: 2.0 pL; WAHBEEEVEDL: 0~
1.0 min, 70% A; 1.0~5.0 min, 70%~10% A; 5.0~8.0 min,
10% A; 8.0~9.0 min, 10%~70% A; 9.0~11.0 min, 70% A.

B IR HLBEZE B T (electrospray ionization, ESI)IE
BB B 2 5N I (multiple reaction
monitoring, MRM)#&(; 2 FIRIRE: 450 °C; HLBEZE HLJE:
4500 V; “SAFAUE: 20 psi; FAE: 50.0 psi; HHIIE:
50.0 psi; filifE= A FHE: 9.0 V; filifE=H OHEE: 15.0 V;
TEM S AT B MBS X (m/z) 484.1>453.0 Bz 484.1>286.0,
E BTN (m/z) 484.1>453.0,

1.3 HIELLIE
SEE B R Analyst &2 MultiQuantTM k{4 #4743

gx10s LA 4.96
6x10° |-
’g‘% 5%10°
f 3x10% |-
2x10° |-

0 1 | | | 1

0 2 4 6 8 10

3 83 B [ /min
1

Fig.1

2.2 RREUATIRNIEE

SRR WL 5 7 T ORI A AL R, TEAR 255k H
ARG R T, W HBIRA AR A . PR
Bl ZPROMRSE, MORBIIE AL T Lk 4 M ML FIX &
AR ) B IO o SR ANTAT 2 iR, 4 R ERIBOR 4
BURSCRARZEAR R, th TR RSB e 2, Wl T
il 71 2 1 LR AR D B IBGRI, A3 20 R BOR I G AT, A
F T 2 A, T AR S 41 3R] I JHCAR I F i e
W @RERTAXED, HEERFTUEE A%, At

¥r, R JH Origin 8.0 &K {1EK .

2 HER5HH

&Sty A
SR R — A B ERR S R A B, JLERR
PEAME T 5 1k, SOADFST S #E7E ESTIE B X R k7
WIZE A% 50 ng/mL MFRAEE R FHET R HBF AR TN, %
i AR E HE S T T miz 484.1, SRJE I in— & ARl
TR, SRR O IR, SBUHRN AR BN
2R EEEFMERE T, BaX MRM S50k T
it 19 B0 me A iy 45 e X (m/iz) 484.1>453.0 F1I
484.1>286.0, S FX A (M/z) 484.1>453.0, fEHERES> B
S 25eV Al 19eV,

A5 LU T - N 2 K R S AR AR R xR
FH R e e 700 e o B WSF ] DSR2 D, 235 SR B, 2 IR R BT 1 0
TUSXSFR, (HAE G - 7K R ZR v G2 e 2R P 5k i 17 o ) 16 22
m T B KIR R, BRI R - KR RN R s
HIEEFART, 8 THRE B s s sk, @
HATERSIAHPMA SR R IR . A2 T 7EKAH
FIA 0.05%. 0.10% 5% 0.20%H &5, G A Bt e g i 1o
Ak, 5 BR, ZEMA 0.1%F BRI, Honw o7 (% &5,
R SEERE T 0.1%H BR/K-ZIE1E AT, TEAMT,
SR R MRM (35 LI 1

2.1

5x10° - B
4.96
4x10° |
484.1 > 453.0
B 3xa0 |
“g‘
2 ae |
1x10°
0 ! L L l
0 2 4 6 8 10
£ B3 A ) /min

SR H B A0 BB IR (A) S GE B T B (B) (10 ng/mL)

Total ion chromatograms (A) and MRM chromatogram (B) of quantitative ion pairs of chlorantraniliprole (10 ng/mL)

FEHEAE LA J e R IBGR)

BT ERNRK

MRS ARBENORE. K20 . IR A YIRS
YoJst, BARAESEBGL R Pk 1 SR AL I S 1 D BB,
RNtz AR S ) — s LA, O T G A 3
X SEROAN G R GE KRG RGN TS Y, FREROR DT Lm0
WA RBUE, SRBGRALAETEAL . ABFEIESE PSA.
MWCNTs. Cyg {5, Hirp PSA H T LR
MAHLER . BRI @RGP R, MWCNTSs 1A 805

2.3
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PRz . RAREELL KA HA RIS 25 R 1 24 52, Cog
AE L BRIEAS SE AR M R B5 G 2RI I A A T T,
PERRIX 3 R L DRI TRIAR RO, SRFIIE S S8 Lo(3%)
e e B AT R R, IESC SRR PRI R 1. ALK
DA TR 3SR 1 A ik R ) e R, R Il R
HEATGETT A3 HT, SEIERR S FURE S I ARRER R 50 pg/kg,
FERR 2.2.1 A BAR EHE, DAL EDRCR, A4 5258
FNRE 6 ¥k, G5 1. RIERE LS Rl LIE H, &4
SIS [T R AE 62.1%~85.1%2Z 7], C g % [ 1R 5201 i
K, PSA K Z, MWCNTSs fJ52 M /)N, PSA .Ci5 F1 MWCNTSs
A dRc A A /K43 31120 100, 100, 50 mg,

T

WE  ZRRZER
P2 A (R IBR) o S o 25 Y T M 1 46 4 5 1) (n=6)

Fig.2 Effects of different solvent combination on the recovery rates
of chlorantraniliprole (n=6)

®1 EXRBRITRER

Table 1 Results of orthogonal experiments

RIS PSA/mg  Cis/mg  MWCNTs/mg  ~FH[EIIER/%
1 50 50 10 62.1
2 50 100 50 79.2
3 50 200 100 78.6
4 100 50 50 73.1
5 100 100 100 83.9
6 100 200 10 84.0
7 200 50 100 69.1
8 200 100 10 84.9
9 200 200 50 85.1
K, 219.9 204.3 231.0
K, 241.0 248.0 237.4
Ks 239.1 247.7 231.6

W2 R 7.0 14.6 2.1

ST AR X i 7 {1 19 32 240 T e G H 2 Y D i 11 i Ak
W : ME (%)=(1-A/B)x100%, H:H A Sy 3 5T VT AT bR #E A 1 1Y
i 17 AF, B A iV SR b v VA WP e 7 A 38 AR 2 ME
ML ERT 20%0F, FATERRMEERT4E, 4 ME RiE
BN LT R, Nt (E R Y ST, R 2 v, S
ZEn R S R BER G ME Yoh i, B4 3 HE R T
20%, . BH A TR D e i e A A B S Y 35 S 5
A RE AR K]S A I v ) 2% S CE A I 2o 2 e B AR R
HAE i B At B e i) T BARME S s e, AT
P vk R ER R R U, AR T A A SR BOR
RBCHIARHER IR, SATIMRE i .
25 FHAERNZMIEE. EA5E. SEHR

G 1.2.2 JECHI AR E TAEE B EPLIR, LR
P P 11 J5 0 A OB A e, i 7 06 TR LY ) SR N AR A,
BT RMEA R, R 2. 5 FhIRN RS A B e
0.1~50.0 ng/mL [WIEEINGM RLF, HXRE r W KT
0.995 SR JHZS B BURE it AR 1) S5 36 SR o v A s B,
DA 2 X R P B X Y 3 5 £ M B (SN R 2 9
BRI BR, DL 10 A5 A9 15 M BLRHA 2 7 1k 0 2 i PR A5 R i
N, 5 PR e G ROR R R RE BAG H R R 0.50 pg/ke, E
B A7 1.2 pg/kg o A HH PR A o PR 10 B S 0 ) R
Vb B AR 5 7 vT T SEBRAS

®2 SHEMHDERERBBRHEEFEMERYN
Table 2 Regression equations and matrix effects of
chlorantraniliprole in 5 kinds of tea

FE AT LR/ %%
SN Y=1.618x10°X+2.431x10° -25.6
a2 Y=1.592x10°X+1.095x10° -31.1
P Y=1.489x10°X+9.653x10° -30.5
HH Y=1.437x10°X+8.785x10° -36.4
[EPS Y=1.837x10°X+1.085%10° -21.1

24 ERYN
LTV (matrix effect, ME) % i £7 75 T i 46 0 1
Farp, Hosgm AN R EUE | AR AVER L . AR

26 EMESHEEE

ARSI EETE . L4155, B HA . AR S FE
U B 25 2R A T AR Bl S 58, IR [ SRR PEM 7 vk Y
YERA I, LUINAR [BDR A4 FH X 4 U f 22 (relative standard
deviations, RSDs) M 7 vE AR % 5 o SEi BOAS & S HoR
F BRI B AR S, 43 Al A 0.5, 5.0, 50.0 pg/kg
SRR R, $22 08 1.2.1 b BRRE SR _EALIE, AN
TR SEBG A PN AE 6K, SRS T34 |l % ) RSDs,
SEILTEL SR 3. SE UL, 5 Fh A nt o G HUR F R A [ i
FAE 84.4%~103.9%2 ii], RSDs 7E 0.8%~8.3%2Z [i1], #iHIA
75 1 R AORE IR BE BT, AT DU T SEBRRR i BRI



8066 B i R A R 2 ERVE:
3 5 MhEEM R & R AR ER B AR 60 T P AR B Y ZE F0 15 2 (n=6)

Table 3 Recoveries and the RSDs of chlorantraniliprole in 5 kinds of tea (n=6)

0.5 ng/kg 5.0 pg/kg 50.0 pg/kg
FE

S TR % RSDs/% S [EIACR /% RSDs/% S TR % RSDs/%

ES PN 90.6 7.8 94.2 5.8 89.6 1.6
AR S 89.5 23 84.4 1.0 103.9 8.3
B 87.8 4.9 91.7 5.7 90.1 2.9
A% 93.6 5.2 95.8 3.9 88.8 22
BB 87.1 2.9 86.2 0.8 91.0 1.7

2.7 EPREREVNE

DUVEEST B R i 186 HEASHF (445 69 Hb. £12% 26
fe, BE AL, FA6s L. AZE 15 DI R, HAE
IMbERAS . 8 lbarAs. THEE L. L HELE . 2 As AR
A BRI, ME (AL 0.78~28.2 ng/kg Z I, H5E A X
HRFRGE S 2O A H 25 AT A, AT 2 4R 2E R
FIRRR O AT ER AT AR AR el R P T S R R R

3 Fi5iie

AMFFE R MWCNTs 435 A 2 50T A 35 YA €2
T -BRA AR SE G, T T A G R R I ARSI ik
GRS RAIE, AT ST Iy TR N R A
AR 25 5% BA LRSI (Y 2R, T FH S BRE S UK R
PRGN, Ay e e 125 I B IR £ 11 B oy L i o, 4
PE—F A 4B ik

Mo & B, 5154 QuEChERS 7 ¥k Al b 42
MWCNTs 2 B J5 # QuEChERS J7 3L i FALE S,
FRIRZ, UL MWCNTs 7ERR (2 Jr 220 & & F GCB;
M MWCNTs T HERK/N, EG bl e h 7585 ik
W7, ARSI PRz ) BRI 7 vk s AL T, {3
S O O HLPE BE R A, AR T A ik i 4T 0
TSI I WM AE AR IR MWCNTs (1 o 2 1 AR 1Y [+)
BB T, s Pkt AT MWCNTs 5 bk HLHe
R AR A5, DL I3 i O e 03 R .
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