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W O OE: B8 #7 S E 340 8 B R 5% 9 (direct analysis in real time-tandem mass spectrometry,
DART-MS/MS)H s it A e obk . WE SR e | LWk TR . nibHonbk . K220, MESFER . R, T, i
HPREE 9 iR WA BR B B i B3R HEECR A QUEChERS 7k A TRTALBE, M iEASHEE i Z G TR,
K HTEK MgSO, A1 NaCl #:#7, N-N3kZ i (primary secondary amine, PSA). Cig 7 #2455 B2 (graphitized
carbon black, GCB)#3 #lt B AHAL BG4k, FIIEIEFRREI 75K %4 DART-MS/MS il 468 9 Fi b5 HI7E 0.5 ~
50 pg/L JEMNZMESE R AR, HSERB)BE AT 0.9,9 R 2576 5,10 A 50 pg/kg K 135 IR Ay
70.1% ~ 109.8%, XA #Ef 22 (relative standard deviation, RSD)Jy 15.5% ~ 22.4%, 9 FfezymyE IR N
5ng/kg. &R ZJrEERI, HHEIR TR PR, O AW, EALRIER Y EE (o B, EEsE T 5L
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Determination of pesticide residues in tea by QuEChERS combined with
direct analysis in real time-tandem mass spectrometry
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ABSTRACT: Objective To establish a direct analysis in real time-tandem mass spectrometry (DART-MS/MS)
method for the determination of dimethomorph, thiamethoxam, pyrazoxystrobin, imidacloprid, methomyl,
pymetrozine, methomyl, fenbucarb and acetamiprid in tea. Methods The samples were pretreated by QuEChERS
method. The tea samples were extracted by acetonitrile, salting out with anhydrous MgSO,4 and NaCl, and purified by
dispersing primary secondary amine (PSA), Cig and graphitized carbon black (GCB). The supernatant was dipped in
glass rod and detected by DART-MS/MS. Results The average recoveries of the 9 pesticides at the levels of 5, 10
and 50 pg/kg were 70.1%—109.8%, and the relative standard deviations (RSDs) were 15.5%—22.4%. The limits of
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quantifications (LOQs) of the 9 pesticides were 5 pg/kg. Conclusion This method is simple, rapid and does not

need nitrogen blowing for solubilization; the detection process does not need chromatographic separation, and can be

directly analyzed by real-time direct mass spectrometry, which greatly saves the analysis time. This method provides

a useful supplement for the existing methods and standards of pesticide residues in tea.

KEY WORDS: tea; pesticide residue; QUEChERS; direct analysis in real time-tandem mass spectrometry
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Bl A AT IR RN, 252 @ AT H &
A 6T ot R B Y [ R B L R A AR,
AR — AL R, BRZ AR 2R, T AR
W, ARG ZRDH ANt Wi Sl i S RO 2R X R
AR TR o A bt W PR AR 2R
Pl Y, el I S A 24 5 P A R A R 4
W, 12 [ 5 PR % A i ep it R 24 5% B o E
T K% B R (maximum residue limit, MRLs)™*), /40,
H A 22 91 il BERLE 5 25 A G R RIS AT 276 Fl,
RREAT 453 Fh, P 28 B BEE AT RS 24 H i
FAL, 25 ERE BRI H R TEA K . R, 38 vIEs
R SR i A R AR 24 B PRGN AR

H S v b 25 5k B RS I Y O 5 0k = R
QuEChERS)(quick, easy, cheap, effective, rugged, and safe)
BEFTAE A RTAL B, FRARE FAR LS W09 AS [ 5 2351 F1)
AR - R R (R S AE ETRT CUR) FRRE €233 - H B
ik 10 GB 23200.13-2016 (b EEARE 25
448 FAZh A OCAR AR B R IE VAR €3 -
25 ) ARG S BT T LA 5 S A A 2R

SEIN B 324347 (direct analysis in real time, DART)!'*!3,

AT R R R . RHUR AR 2 KA
T, BARENES )AL PR A R R
FACRET P A>T, A R TRl e T AT A . AH L
T AT B W - B B B R, 52 B 4 A A - R R O 1k
(DART-tandem mass spectrometry, DART-MS/MS)Z T AN
BT WFE S FRERT 1y ik s, JEH B ABER . B
WAL PR, g, EEE. IS ANPREEES
SRR AR =] Al NN = T NN e s
45 9 PR ZGAE R4, il 1 R ] QUEChERS AN
FESUEAT 1R BRLAY R AL T, DART-MS/MS A&, 7 8 finfaf
PR SR 2RI ik, DU I bR A D
7 AT A 3R ST

2 HHSHE

21 UESEHF
Qtrap 5500 i (3% [# AB Sicence /A F); 1200-6430

VRORF 0,33 SR B R T (35 [ Agilent 23 H)); DART S B 2
BT FUE(3E E lonsense A H)); AE163 Ji 432 — R (1
Mettler 24 7]); MS1 #R % # (B2 IKA 23 7]); 5810R B0
HL (1% [# Eppendorf 72\ #)); N-EVAP-111 & WAL (3£ H
Organomation A ).

RZFRUESL (1 g/L, f%[F Dr. Ehrenstorfer GmbH 23 #]);
I s Ea, 35 E Merck A1), BERR(Aral, 2y
B i fbF R A R, HR . R (g al, 35
Sigma-Aldrich 2~ ®]); KN Milli-Q #84lisk, f# Fajid
0.45 um JEME; £ H{LTk (graphitized carbon black, GCB).
N-PN 3k 2 —JHe#r (primary secondary amine, PSA). Cg (1
Agela Technologies 2~ Fl); FEALEN(AHral, |~ M Ak2#i5
7Y JoKBRFRBE(OM A, LI TR F) o
22 ELWHE
22.1 AFEERELH

TERAPRERAS R 2GR MESL 0.050 g (KE#IZE 0.0001 g)TF
50 mL 2, PLAIGESS, BCil A 1000 mg/L fiff &b i
W, F-20 °CLR-AT o Fl BT BAE A ARMETR I, el s
W TR AR UE AR, —20 °CIRAE, %M.
222 HRETAE

(D) RAFE AR ] £

FECE RFPERRE S, FADUA 40 A 200 g, HHE
Jait 0.4 mm FLEMHITHE, R, A A IS, B,
.

(2)$2H

FREL 2 gt 0.01 g)FEL BT 50 mL .0 .
EEARIIA 100 uL PNARAIR (10 ng/mL BEFR = MR, 1l
FE S R BRI E R 50 ng/g. A 10 mL 7K, #RHE 1 min,
fILA 10 mL 21, #5752 1 min, FAEBE.OEHMA 5 g ok
MgSO,. 1 g NaCl, ¥R¥E 20 s, L 4200 r/min A58 B0
5min, IR

(3)4tik

¥ 2 mL FiEWRERF 150 mg PSA. 100 mg Cg
140 mg GCB WM HI9 10 mL 5.0 P, %€ 1 min, LA
4000 r/min PIFEH L 5 min, FHBYBERER EI R AL
ORIl
2.2.3 DART-MS-MS &4

(1)DART 414

BTUR . RS AR 25 mm; HLEREFHLE 4000 V; &
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AARFUR B 4 Liming SRIREE 450 °C; H 1R 54
351k + 100 V.,

Q)G 41

MO 7 RGBS H 7R 2 &0 I (multiple
reaction monitoring, MRM); HLBIZEH : 5500 V; FEiLA
JEH1: 55 psi; SATSIES: 35 psi; HISIE S 50 psi.
2.2.4 HPLC-ESI-MS-MS %4

(DA 2 1F

3% 4 Agilent ZORBAX SB-C;3(3.0 mm=100 mm,
1.8 pm); FE¥: 40 °C; HiE: 0.3 mL/min; #EFER: 10 pL;
TBIAH: A0.1%H ERIK, B B, BAEEVENET: 0—2.0 min,
10%B; 2.5—10.0 min, 10%B—90%B; 10.0—20.0 min,
90%B; 20.0—25.0 min, 10%B ¥ 3 min,

Q)FaiE A

HE s ESIH AR MRM; TR AR E:
350 °C; TS FiE: 6 L/min; WiZ%54HHEJ1: 105 Pa; HLT
fEs BG4 R : 4000 V; REES: REEAL 99.999%.

3 HZREDM

3.1 BUEFHMIKL

S IRE O I A e PR )RR Y YR E 1) A 100 pg/L
VP bR TR, o P P T B AR (3 5 B, TR R
TG BT, #E a1, feild 1

FHEH, R . THE/NW 2 S FEFHRIEN
SE R MOEER T, ORIk 2 R RS L, 9 R AR A
K MR IS B A R L3R 1.
3.2 DART BT REERIEE

SRR S R P IR AE, 2 DART B
By s S E, 43 HIR A 300, 350, 400, 450, 500 °CHEfT
K, dnE 1~5 R, M 300 °CITHE, 25 4b-4 9 i i v 5
Wi Tk B 4 R T3 0, SRR IR 1 450 °CHY, B &I
SRR R ST TR, HES DART JHREB R E
FIR IR R 550 °C, LUK AY IR B nT fE S EUR T
WAL i S N R, TRESE 450 °CHEl DART BT
PR
3.3 #HEEATIENEE

FE T W R 5T B R 1 U AR ) 0 (B A 4R R
[FFEX} DART-MS/MS Hmi Bt A — . HATH
AL T CIERK 2 Bl IV TR A b A 8%t o) 1o {174
s, b BE APk mEmE ok S 3 RS R
WK, NGRS AR e AR S T KAVE R BT,
W 6~7, Z M 1EN QuEChERS HY$2 BRI 7T DL B3 F4E,
THTRT, B> THRAEL B, 354 Tatm, ARG
TR R 1 m, % $E QUEChERS b /5 H.
e BAERI

®1 9 MENAEARHRIESH
Table 1 MS parameters of 9 analytes and their isotope labeled standards

P5 & HIA S T (miz) FEF(m/z) LI E/V) Tl BE /e V NFRHI
1 . ) 388.1 301.0* 115 29 10
I THE " b (dimethomorph)
388.1 165.0 115 43
292.0 194.0* 60 18 10
5% H1 2 (thiamethoxam)
292.0 163.0 60 32
R . 388.1 239.0* 50 13 10
Lk M4 ik P2 T3 (pyraclostrobin)
388.1 358.1 50 16
4 o . 256.1 175.0% 60 26 10
Ml UMK (imidacloprid)
256.1 201.1 60 13
5 163.0 106.0* 18 13 10
K 2 g (methomyl)
163.0 88.0 18 13
6 218.0 105.0* 91 27 10
Nk 35 il (pymetrozine)
218.0 78.0 91 47
7 . 237.1 72.0%, 43 25 10
ek A (oxamyl)
237.1 90.1 43 11
8 ) 208.1 95.0* 65 21 10
fif T g (fenobucarb)
208.1 152.0 65 13
9 223.0 126.0* 70 27 10
I 1 K (acetamiprid)
223.0 99.0 70 47
10 W2 = KR (Tpp) 327.1 152.1 45 14

TE O ERE ST
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1.63

L

T /J !\

41.56 1.581.60 1.62 1.64 1.66

1.68 1.7
Hi5} 8] /min

E 1 300 °CIfET 10 Fifb &4 % DART-MS/MS (141 I {E

Fig.1 DART-MS/MS responses of 10 compounds at the temperature of 300 °C

2.03

5} 8] /min

2 350 °CILEE T 10 L5491 #) DART-MS/MS H 0 B
Fig.2 DART-MS/MS responses of 10 compounds at the temperature of 350 °C
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3.3e5 1.67

] /min

3 400 °CIET 10 FiLS 4 A DART-MS/MS [ 7 B
Fig.3 DART-MS/MS responses of 10 compounds at the temperature of 400 °C

8.3e5 1.56

= 4.5¢5 £ 1,25

5 E] /min

4 450 °CIRELF 10 R L5 41K DART-MS/MS 40 1 {E]
Fig.4 DART-MS/MS responses of 10 compounds at the temperature of 450 °C
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4.0e5 t
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5[] /min

KI5 500 °CIJE T 10 F L4 ¥) DART-MS/MS {1115 i
Fig.5 DART-MS/MS responses of 10 compounds at the temperature of 500 °C
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] /min
1.5e4 1.25
#m 1.0e4
’]2‘

=
=5000.0

0.0F

1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.75
fi5f (] /min

2065+ 1.25

ig1.5e5 : ¢
= 1.0e5F 1.56
=

5.0e4 |

0.0

115 120 125 130 135 140 145 150 155 160 165 170 175
5} 8] /min

T a. MEHOR; b, WEHIGE; . WEHUK,
Bl 6 kAN EAE 3 Fi ik &)%) DART-MS-MS i B
Fig.6 Response of 3 compounds under the solvent of water at DART-MS/MS mode
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2.3e5
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.‘;}‘ €

= 1.0e5
5.0¢4

1.43

1.73

0.0

7.4e4

6.0e4

1.43
4.0e4

i o7 {2

2.0e4

0.0

1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90
B8] /min

1.73

1.25 1.30 1.35 1.40 1.45 1.50

4.5e5
4.0e5

% 3.0e5
é 2.0e5 1.42
1.0e5
0.0

1.55 1.60 1.65 1.70 1.75 1.80 1.85
] /min

1.73

1.25 1.30 1.35 1.40 1.45 1.50

1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90
B[] /min

VEra. MEHk; b, E U o e UK,
Bl 7 RN ERERI 3 A ika 480 DART-MS-MS i B i
Fig.7 Response of 3 compounds under the solvent of acetonitrile at DART-MS/MS mode

34 FEMZMSTEESK LR

DAREI A6 A5 0 R P9 o 1) 6 T L L (B A A A A L R T
bGP I B s VA B A 8 A B R AT R [l A 43 T, A B4R
PEEIS R MR 16 0.5~ 50 pg/L EHEMN, &1bd
PIRI LR G R AT, MISC R B r* #KTF 0.9, KM BR (limit
of detection, LOD)FIE 1 FR (limit of quantitation, LOQ)%>
SRR 3 A E M A 10 fE(EMR TR, S5 2RI 2.
FrEAEIR A 1.8~2.6 ng/ke, EEE N 5 ngke, HER
B R .
35 FHEMBEWESHERE

FHZS FURE S IR Jy E 004 T IO RORS 2%5 FE 52 56 43 31
XEASHEAT 5. 10, 50 pg/kg bR K- TSR E, 4
AOEFATINE 7 WK, T3 DGR R R bR R 22 . 7
B & 70.1% ~ 109.8%, HH X R 1 fi 2 (relative
standard deviation, RSD)N 15.5% ~ 22.4%, Z5R UL 2, J7
T I AR B FORG % B ARAT G A BT R
3.6 SEFRHEmAYEE T

RIS R 2.2.2, 43R Al HPLC-ESI-MS/MS

2:H1 DART-MS/MS 75X AT 57 111 24 30 S A 6 i1l
SRARHFATIEBRRE SR, b 1 R S A HE G R | TR
bk mE HUBK 3 Rk 2, 5B 8 ME 9.
HPLC-ESI-MS/MS 45 B A4E 45 435 16.7. 84.1,
45.8 pg/kg, DART-MS/MS L3 I Z5 4451 0 14.3.98.4,
52.7 pglkg, 2 RGNy 2 S RIEA M) &, T LA A SRR
B I 5 SR I

4 &

AHWF5E A QuEChERS 7 A Xt A% i ik 17 /iy &b 3,
DART-MS/MS iESFA TR, EN. T 250 rh Z R 25 5% B 1Y
I Ty o O AT SR B AT AL B, SER R O3
Mr, W @igaEs, 74 TrHE, B TR mFess, JE
HAE T A g 24 5% B 0 P R A R AT, BT
AR, LI ERN R HE 9 Rl WARZNERE, (H2
2% 85| DART-MS/MS A0 i) R ¥EA QuEChERS ## i Hif Ak
FREER MR, R o, 52 AR 255% 9 ol LLgy
NG Jr i, 2B R UERIN Iy ik A RN 7S
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Table 2 Linear equations, correlation coefficients(r?), LODs, LOQs, mean recoveries and RSDs of 9 compounds (n=7)

z EL :l“ iz pE RS = ]
ey GHER MRRE GWRgke oL RIIRED PR AR
/(ng/kg)  /(ng/ke) % %
JRTEND MR (dimethomorph) — Y=0.977X+0.019 0.95 2.1 5 5. 10, 50 84.1, 84.4, 850 16.1,17.5.18.4
W 1 1% (thiamethoxam) Y=0.193X+0.021 0.96 23 5 5.10, 50 78.6. 79.5. 81.4 15.5.16.6.17.7
N Mk Bk PR TG (pyraclostrobin)  Y=1.517X+0.115 0.94 2.6 5 5,10, 50 83.4. 842, 83.6 16.1,17.4.17.5
i, 41 bk (imidacloprid) Y=0.259X+0.003 0.98 1.9 5 5. 10, 50 90.8, 932, 91.6 16.9.18.1,18.8
K 2 i (methomyl) Y=0.312X-0.039 0.98 2.1 5 5,10, 50 70.1, 72.1, 73.5 16.4.15.8.18.4
M IF il (pymetrozine) Y=0.445X+0.009 0.99 2.0 5 5. 10, 50 109.8, 96.6, 107.6 18.6.22.4.17.8
ARERJEk (oxamyl) Y=1.856X-0.267 0.95 1.8 5 5. 10, 50 782, 79.5, 71.9 17.4.16.6.15.9
i T Bl (fenobucarb) Y=2.781X+0.037 0.91 2.4 5 5. 10, 50 78.5. 79.8. 80.5 17.3.18.5.17.4
IE 41 Jp (acetamiprid) Y=0.463X+0.013 0.97 2.1 5 5. 10, 50 86.4. 869, 87.8 18.1.17.5.17.9
292.0 ->211.0,292.0 -> 181.0 388.0 -> 194.0, 388.0 > 163.0
x10% L Ratio = 50.1 (110.4 %) a x10% Ratio =93.1 (96.3 %) b
! !
H# 0.75 0
= =
g % j\ 5;5 0.5
0.25 0.25
0| 0]
1 1 1 1 1 L 1 1 1 L 1 1
62 64 66 68 72 74 76 20.2 20.4 20.6 20.8 21 212 21.4 21.6 21.8
éﬁ%’%ﬂﬂﬂ/mm HARAFE] /min

223.0 > 126.0, 223.0 -> 56.0

x10? | Ratio = 44.6 (102.0 %)
1
0.75
0.5
025

0]

HIXT

8 82 84 86 88 9 92 94 9.6
FRARHF[E] /min
Tira. WEIWE b, JEMER K, . EHK,
€8 HPLC-ESI-MS/MS J5 =T FHPEAE b 9 MRM 35 4]
Fig.8 MRM chromatograms of a positive sample using HPLC-ESI-MS/MS
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5.0e5

0.0 M
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5} 8] /min

j=1

4.6¢4
4.0e4

3.0e4

2.0e4

1.0e4
0.0

i O fEL

0.92 0.94 0.96 0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 1.22 1.24 1.26 1.28 1.30 1.32 1.34 1.36 1.38
s} ] /min

TH:a. WEHER; b, MEIBERIE; c. BE K.
19 DART-MS/MS Jral R FHIERE AL (1 MRM 5]
Fig.9 MRM chromatograms of a positive sample using DART-MS/MS
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