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Determination of fluopyram and its metabolite residues in Lactuca sativa by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of flupyram and its metabolite
2-(trifluoromethyl) benzamide in Lactuca sativa by ultra performance liquid chromatography-tandem mass
spectrometry. Methods Using QuEChERS technology, Lactuca sativa samples were extracted with acetonitrile.
After purification with C,g purification agent, ammonium acetate solution containing 0.1% formic acid-acetonitrile
was eluted and separated on a BEH C,g chromatographic column, and determined by a mass spectrometry detector.
Results There was a linear relationship between the mass concentration of flupyram and 2-(trifluoromethyl)
benzamide in the range of 1.0 to 50.0 ng/mL and their mass response intensity, with a correlation coefficient not less
than 0.9996. The limits of detection were 0.25 pg/kg, and limits of quantification were 0.10 pg/kg; the average
recovery rates were 94.6% to 97.2%, and the relative standard deviations were 1.3% to 4.5%. Conclusion The
method has a high degree of sensitivity, precision, accuracy, and a simple pre-treatment process, can provide technical

support for monitoring lettuce pesticide residues and dynamic analysis of flupyram pesticide residues.
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Lactuca sativa

0 51 &

3% (Lactuca sativa L. var. ramosa Hort.) LFREEAT-3 |
MeArsie . BiArsk, MRS E AR, w T ARG &
B PURMEWOE IOMIRZ T R e 5%, EAMUE &
iR C. FILKRIR . BEELFgE. W18 b RAMRES
PESRO S, AR NI D Re E], i ATV B
FOHTEE . BRI R . SRR . BeE b E S,
TASRMAEREG R EEAR, B kA Fases . FUBie . %
. M ARZEZ ARG IR E T, U E R T A SR
FA

S L% (fluopyram, CAS &3R5 658066-35-4), &
MEIE FEIARME AR TR L AR, 2 =R IRTE A 3R
¥ R B S B A ] 7 (succinate dehydrogenase inhibitor,
SDHI) ™, AR ML = 522 38 ek 0 i 2R AV W v,
A PRI TR I AU (2 A ID AN M, BT SE EAR 1 A
&3 457 T CRETE Q), ATl A1 A9 MR A, T4k

BEL L R RE R B2, A AR R A A B P A R

XHARGEZ AL, IR . B SEBTIARCR A, Ay
WA RO, AR IZ M TR AT
NS T EREH AR, 2-(= R 5K H
e [2-(trifluoromethyl)benzamide, CAS #3%%5 360-64-5]
JE UM TR I e 1) A, AR R AR B L X
K EEZ O F M2 BT & (median lethal dose, LDsg)
I TR AR I A TR T e A AR L B
X, ALEPRBRE MM 0.01 mg/kg F] 2.0 mg/kg ~E; FRE
GB 2763—2021 { B L L EZiniE B PR RERER
B ) HRlE T RO BB AE 3R 38 . AR . R FlESE .
T B P ) e R ak B B £ (maximum residue limits,
MRLs)M 0.01 mg/kg % 30 mg/kg A2 Bk, @y k24
UL PRI Mg K LA™ 2-( =960 H ) 4% Y T M A D
T ARG ILIE AT A B R R e L .
ERCINSE SERE N AN Rl Sl R
LTSRS TR, WA - s
ENRTERPUE oS K KA - LN 5 A I T Rl 1
Zo g P01 P BT i /G T A 2 e R T T e B S
AR 2- (= 360 PP 5 ) 8 P o ) s 00 2 ey i 2520, TR
5 30T AR 3 - BB OBR T 3 9% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
BARMER. TR WS . WEEL . Pl
RN Z2 4 ) B A 00 S5 08 st i A B A B A
Ph e B B O R PO R, A B g R A ek
QuEChERS Jy 425, #1371 UPLC-MS/MS 3 7 A= 3 v

SN TR P e S A 5 B A D i, LA g ettt g Pt i A
A W M ARG AN 5% B 1 A 3 25 A B AR AR S 4

1 MR5R%

1.1 #h (E5RF

e A SR A DR T SN X AR VT AE TSR R AT

UPLC-TQD i & %R A a3 3 BT 1 { . BEH Cg kE
(50 mmx2.1 mm, 1.7 pm) [IRAFHBHCEE)ARAA];
Milli-Q Synthesis # 47K { (32 [E Millipore 23 F]); GM200 JJ
KA (2 F Retsch 23 7]); Velocity 18R Pro & & 218
RO RFEREESA BRA FD); Vortex-2A R iEHR
ot (L BRI RN AT PR H).

FUML B BEIE (ZHE 99.9%) . 2-( =91 F 25 7% F Ik i (4t
BE 99.9%)FRIET MR (100 ug/mL, ¥4 FirstStandard®E/IH
FRbRifES B, REBRISRHE A R A H)); HEE. g .
N, IEC k. LR ER(taiksl, #2E CNW Technologies
GmbH A rl); L. WiR. Witk . LRRek (g, E
Merck 23 7l); EALEN . TOKBRRRBE(SI T4l iR Tk
TR AR A BR A 7)o
1.2 {UEEH
1.2.1 &Lt

g BEH Cig (50 mm»2.1 mm, 1.7 um); #::
40°C; Hi#k: 0.25 mL/min; #EFEE: | pL; JRBHH: A HH R
5 mmol/L ZMREH I (F 0.1%HIR), B M NI, #hEEBE
JRARY D3R 1.

Fz1 BEERRERF

Table 1 Program for gradient elution
5 mmol/L ZIRETR

Bf ] /min 93 /(mL/min) (% 019 )% 2%
0.00 0.25 95 5
1.30 0.25 5 95
4.50 0.25 5 95
4.80 0.25 95 5
5.50 0.25 95 5

122 kAt

FHL I 35 25 7 (electrospray ionization, ESI): IF & ¥
HH; Ao £ 5 Kk (multiple reaction
monitoring, MRM); &TIRIREE: 550°C; EHEHE: 1.0 kV;
Tl SR () 3 L JREASRSU(AUS): 1000 Limg it
PR AURE: 550°C; FBY (R DIE: 50 L, HALRGES
B 2.
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Table 2 Mass spectrometry parameters of fluopyram and
its metabolites

HEA T REAmI By TET LR AEERE

/min (M'2) (M'2) % eV

e 207.8" 40 20
FLPAmERE 2,79 396.5

173.1 40 30

(=L 101.8 26 29
£+ M H,) 2.11 189.9

AR 129.8 2 18

M ERTET.

1.3 HmATE
13.1 #MI

FETFRE 10 g MFFSIMA SR E T 50 mL 25048,
A10mL ZJiE, WIEdR% 5 min; iMA 1 g SIS0 4 g TOKEL
W4, PRI%IRAT 2 min, 10000 r/min £5.0 5 min, _FHRERAL.
132 44t

TERIRSI 5 2 mL & F e 25 mg C g9 50 mL
B, IRENRYS 2 min, 8000 r/min B5.0> 5 min, i 0.22 um
A ML RS U TR, BT RF UPLC-MS/MS JI%E .
1.4 HIEAIE

BT SEI B 3 IR, £ K Microsoft Excel 2016 iF
T8, EIER Origin 7.5 A AT

2 HERE5H5R

2.1 BUuEFHBMmiL
A3 E R BT e B Ry 1.0 pg/mL ) FRUNHE B P A K AR
W 2-(= 3 ) R H LR bn vV, DASR B A B 1

A
100 279 AU Tk i
- 396.5>207.8
% 75 1.60e5
T 50
oo
= 25
0
0 1 2 3 4 5 6 7
BB 5} 18] /min
100 2.79 TR PRI TE R
L s 396.5>173.1
% 1.77¢5
50
7
T
= 25
0
o 1 2 3 4 5 6 17

{5 B Bst [61] /min

U8, A AETE . A F R T — S & R
FEFEHM, Uik ERREET. eEF. €85
F, ML MRM BRI B X 45 R Eon: Jk Bt
W B 2-( =560 F 6 2K F B I A 1E 5 T 43 Rl (ESTH T 1T 3845
FEEMMAH] 0, R B IR, K
SR T R T S F RO 396.5, 2-(= 9 H 3k ) 7K LA
BEEFIREECH 189.9; X EEE FM+H] W T F B FH
5, SOUE R AR R R A AL R, PR R SR B I A A
-(ZHERFEEHE RN EEE T, SRS TR 2, K
MRM Ji i ] LA 1,

22 BIEXHFHNMK

UL B A 2-( =96 R 30 K R AE AR Cg
A EATRRAER R, P BEH Cig#1:(50 mmx2.1 mm,
L7 um)ER AR, HLEE T 3 shA R A FHOK . 0.1%H %
5 mmol/L FFREZ (B 0.1%H R). 5 mmol/L Z B (8
0.1%H ) B AH(ZME . HVEE)AS[R] A5 700 4 A ik s AH
R S JEUHE TR O e K LA I A 2 B s Ol . S5 RBR: Hish
FHHR N 0.1% H B2 A A 2 HE P B M+H] W, HLE -+
TR, PR . LIRS 0.1%FRIBEHBRAEA R
UPiY pH 22 MPRE ), 1E G FAEREE pH &0 T R AR 2+
SRR, PR GRURH B T e S FL AR 1) R B I L W
WEER, RACRE-FEE . LRRE0.1%H IR)-H BE R i
ShAAIT, SN P I R 2-( = 3 366 )2 R e 1) e B e K
HETEHE R, X T e i S AR X 2 006 T 5 266 8 o 1
FpEIAE 85 KA IREL(0.1% P IR)- LB, FiL T8
Tk B A 2-( =960 R i) 2% R B P 1 AT 9 58 L XA, W T4
7, PR BB RIS R (E] 2)0 B, AR RAE 0.1%H BRAY
RS- IEE R TR BNAH

B 2.11 =4 5
100 T o (SR

189.9>101.8
75

1.50e5

X ERE /%

o 1 2 3 4 5 6 1
{5 B s} [] /min

2

189.9>129.8
1.86e5

S

1 2 3 4 5 6 7
AR 4 5} [E] /min

AR /%

N a o
=) wn (== W <o
S S  e— —

1 SRR TR e S HA QI R MR MBI 4]

Fig.1 MRM mass spectrometry of flupyrazole amide and its metabolites



196 B il 2 A iR A I A 4

FH15E

FELIHE R TN
100 — o N 3.79
2-( 5 ) 2 R e
2.11

80
&
=60
H‘_
-);
= 40

20 |

0 0 1 2 3 4 5 6

£ R B[] /min

P2 R I S A G ) B i
Fig.2 Total ion flow diagram of flupyrazole amide and
its metabolites

23 EFEBUATIAEE

AW T RN . IEC k. NE, FEE. 28
MNENEN QUEChERS AT 71l B Xef i nlb 17 P e S LA
BRI ZERCICR . S5 E R FUML R e & A ey e]
BTHE., CEMCE, MIET LR OB, EC K FPIER;
R B 2 U 770 e G P T A 2 LA 4 ) S S5 4 B i 2R
KN EHAETF N Z 85 (97.4%)> Z 5 (91.3%)> H i
(85.8%)> N [ilil (56.4%)> 2. & £, Tig (34.7%)>1E T Kt (21.1%),
Frp 2 T %o 80 MM TR T e B LA 40 %) S 2 4 B TR i e A
94.2%~102.3%, FIME K 97.4%. Mkt Z M5 G

2.4 BEFIREE

AWFFE L T 2 - H-N-TH FE B 4 (primary-secondary
amine, PSA). f1281bHk # (graphitized carbon black, GCB)

/e FERELE (Crg)VE ) QUEChERS A5 B4 Ak 351 it %o 4
WL AT P e S LA P i v AR AR . 55 B AR 1k 71
X5} SRR T T e B A1 4 1 - 2 e A I B K M HE P
H: Cis (98.3%)>PSA (82.6%)>GCB (85.8%), C,5 ik Inlk
2150 T B 38 o AR P A A P T O P A BB R A AR
P % FRULE BT TR e B AR T B o Wk % o VB i 7 o
2.5 ZMSeE. KUERERESR

I S o A SEAE & 1 R B RO R 3L 5, ARk i
# 1.0, 2.5, 5.0, 10.0, 25.0 fil 50.0 ng/mL S4Bk B (1)
L P T e 2 AT IR B R IS W, $% LR g ik i T
MRE, SMridiestilbrmE i, 7828 H AR SERE S 4 s
R B 1 TR PR R e B LA A VA R, L) 3 (R
(SN=3)# E#; tH FR (limit of detection, LODs), L 10 £ {51
FE(S/N=10)fi 1 & 5 BR (limit of quantification, LOQs)(% 3).
ZEI IR 7E 1.0~50.0 ng/mL itk BRI, RO A Bk
JRE T 2-( 950 FF ) A8 T M 17 J s e o 115 I Sk v 3 22 )
HA R R, HERBEOHA/NT 0.9996; LODs
14 0.25 pg/kg, LOQs ¥4 0.10 pg/kg.
2.6  MEREIYEERFBIRERE

TEAE SRS R S TN SO PRTTBE NG B 2-( = 38U )
W AR PR ER L, R ACE-53531 0 2.0, 10,0, 50.0 pg/ke,
¥t R UPLC-MS/MS 3£ 8EA 7 i [l yie SR %o A v
i 2= (relative standard deviation, RSD)Il &, & k3 E-Ak i
T TR B RORG 5 B (3R 4). DR 4 Pl SN TR
JHe Ko FEA 90 9 b [B1 U563 2 (B 7E. 89.9%~102.1%, [H]
WS- BB AE 94.6%~97.2%, RSDs K 1.3%~4.5%, 54
NY/T 788—2018 { A4y e 24 5% f i g e ) ) B 5% B
T J3 VRS 2 JBE IR EoK

®3 KMEE. EEERE. RHREESR

Table 3 Linear ranges, regression equations, limits of detection and limits of quantitation

Hisor¥ L MEEF/ (ng/mL) EY Sy r’ LODs/(ug/kg) LOQs/(ug/kg)
TR TR AL 1.0~50.0 Y=9756.4%+1726.6 0.9998 0.25 0.10
2-( 95 3 2 R P 1.0~50.0 Y=1010.1%+156.1 0.9996 0.25 0.10

Fz 4 EREYE BN AR RZE (=6)

Table 4 Relative standard deviations and recoveries of spiked samples (n=6)

HArsF BIKF(ug/kg) 5 Mq&%ﬂ%{?% ; [ RF-{E/%  RSDs/%
2.0 97.5 96.7 89.9 9.1 94.6 96.7 94.6 32
EVAEs]HiTS 10.0 924 96.4 96.7 97.2 96.8 94.9 95.7 1.9
50.0 97.7 94.6 94.4 99.4 96.7 96.4 96.5 2.0
2.0 91.9 92.4 %.6 1016 98.4 102.1 97.2 45
2-( R A A 10.0 96.4 94.7 94.8 97.4 943 94.4 95.3 13
50.0 96.1 97.6 97.8 93.7 97.7 96.6 96.6 1.6
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2.7  SEPRFERANE

BEALIEN T 10 HLUCA FRIACIAY LS A, SR B
BT UPLC-MS/MS BE47 JaU Mt B 1ot e S LA Qs 23
FE o FEALN, BT 10 473 T8 A S i 2 ARAG: H RO R
Pt % B FLAR )

3 4 i

AT AL RPN Z AR GRS,
Bt SX SRCIbE PR T P R 2-( 950 P ) 4 Y Tttt = AH SCAS b
WESE ), SR PP QUEChERS Jr b3, #5577
B0 2 T - 3 R ST i D A 35 v ML A 7 e e LA g
W 2-(Z R H IR B ik o BTEESL % UPLC-MS/MS
REURE R KR EELF . EGRRE S AL AE, AToA AR
A 245 38 Wi R H Sy S TR T P A 247 5% P S £ s A A i
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