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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 |
MEATSE . BEATSE, BM S EMER, B TIHAME. &
EIE . DRMEHOE FMIRZ T KIERE =&, EAMUEE
HeEE C. FILER . BB, 598 b E MM R
PEIROR 5y, BA YR ARt e, & BA kR
FUEFE . BRI . P kB . Bt in B Aok, (Hk
TASRMAEMRE R AR, B kA Fames . FUBie . %
. WE . MRESER B Ak, UE N T AR SRR R
FH BT

S L% (fluopyram, CAS &3R5 658066-35-4), &
MERE 2 FERMERE IR . R AR, J& = RGPt
A R B S A ] 7 (succinate dehydrogenase inhibitor,
SDHD 4, AR AL 3 5 2 30 1o 410 il e A P 1 el 7%
1 4% B IR B A (S A W) P S M, BHBT 3R IR A
RIE R TGS Q), MR 11 i R A, T4k

BEL L R RE R B4, e AR R A o B P A R

XHARZELEHL | ORI . TR S BITAROR R A, HAeZy
Pol e M AR 3, AR R T I A
NS B R, 2 (SR R
Pt [2-(trifluoromethyl)benzamide, CAS #3%5 360-64-5]
JE TR BT ISE A 14 AR 1, AR oR R A L
K EEZ O F MBI & (median lethal dose, LDsg)
49700 F RO R AU IR i S R P A 7 KR L
¥ BERRIBRE 0.01 mg/kg F] 2.0 mg/kg A%, K
GB 2763—2021 { & bt 2 42 [H bR £ R 25 e Kok v
MEE) sPHUE TR R B Sk . AR L IR ISR
T B v 9 R 4% B PR 4 (maximum residue limits,
MRLs)M 0.01 mg/kg % 30 mg/kg A2 Bk, @y k24
SEUMLE R e S LA 2-(= 9P )7 HY ot i ke B A DU
T EXHRGE I AEA T R B TR RPN U
ERIINSESTENDE AT Rl R SR i N
PR SR - O, R - g kU
E R PIWOE oK A I SN = A I < T 1
g PO BT g DG T A S v RO PRI e R
ARU 2-( =80 J6) 20 HF Ik e ) st 0 2 P 25, [T
5 30T AR 3 - BB OBR T 3 9% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
HA RGBSR Lo MEME R L.
JEEPRAN Z 48 b [ B RS S5 08 2 1T By B AR S A
P B B e IR PO IRk, AR R 9 OR Bk Y
QuEChERS Jy ¥ I, #1377 UPLC-MS/MS 0l & £ 3¢ v

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

1 MR5RE%

1.1 #h (UE5RF

PTEAE e ST M X AR T L AR ST .

UPLC-TQD 8 & %R A a3 FI T 15 (X . BEH C g kE
(50 mmx2.1 mm, 1.7 pm) [IRAFHEE CEE)ABRAA];
Milli-Q Synthesis 8 £{i7K{¥ (3£ E Millipore 23 #]); GM200 JJ
UL (FEE Retsch 23 A]); Velocity 18R Pro 1y 5 2014
RS DAL R SR FRZA 7D); Vortex-2A TR ETR
ot (L BR A RN AT B ).

S PR (AR 99.9%) . 2-( 98U HH 328 H Ik i (4
BE 99.9%)FRIEVE (100 ug/mL, ¥4 FirstStandard®EJIH ]
FrbrifE S YY), REF/RERHEARA ), HEE, 2.
I 1IEC ke, PR G BR(faiksl, #2E CNW Technologies
GmbH A rl); 2. WiR. Witk . LRk, £HE
Merck 23 il); FALEN . TOKBRRRBE(SI T4l iR T &
TR BER A BR A D)
1.2 UEREN
1.2.1 &L

g BEH Cig (50 mm»2.1 mm, 1.7 um); #:i:
40°C; Hi#k: 0.25 mL/min; #EFEE: | pL; JRBHH: A HH R
5 mmol/L ZIREVEW (5 0.1% %), B ARG, BhEEvk
JBRARY D3R 1.

Fz1 BEERERF

Table 1 Program for gradient elution
5 mmol/L TR VAR

Bf ) /min 3% /(mL/min) (& 019 )% ZE 1%
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 ikt

FHL I 35 2% I (electrospray ionization, ESI): IF & ¥
HH; ARy £ 5 Kk (multiple reaction
monitoring, MRM); &TIRIREE: 550°C; EHEHE: 1.0 kV;
Tl SR () 3 L JREASRIU(AUS): 1000 Limg Bt
FRAUREE: 550°C; FBY (R VIE: 50 Lh; 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 hERTET.

1.3 HmATE
13.1 #M

FETFRE 10 g FFSIMA SR E T 50 mL 25048,
A10mL ZfiE, WIEdR% 5 min; IMA 1 g SIS0 4 g TOKEL
W4, PRI%IRAT 2 min, 10000 r/min £5.0 5 min, FHRERAL.
132 44

TERIRSI 5 2 mL & F e 25 mg C 39 50 mL
B, IRENRYS 2 min, 8000 r/min B5.0> 5 min, i 0.22 um
A WL BT U TR, BT RF UPLC-MS/MS JI%E .
1.4 HIEAIE

BT SEI B 3R, £ % Microsoft Excel 2016 iF
TG, EIER Origin 7.5 B A HEAT 40

2 HERE5HR

2.1 BUEFHRMmL
3 BT e B Ry 1.0 g/l ) FRUME P P M K AR
W 2-(= 3 ) R H LR An vV I, DA s A B 1

A
106, by AU Tk i
- 396.5>207.8
% 75 1.60e5
050
=
w25
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 — g & R
FEFEHM, Uik EmnEET. eEF. €85
¥, AL MRM BRI B X 45 R Eon: Fk Bt
W B 2-(= 56 F 6 2K F B I A 1E 5 T 43 Rl (EST) T 1T 3845
MM, R EB . IR, K
SR T R T B F RO 396.5, 2-(= 9 H 3k ) 7K e
BB FIEECH 189.9; X BB FM+H] W T FEFH
5, SOUE R AR R R AL R R, PR R S B I B A
-(CHERFEEHE RN EEE T cEE TR 2, K
MRM Ji i ] LA 1,

22 BEXHFSMK

F T U R IR AT 2-( = U H ) 28 TR B E e SR C g
A E AR AR, %58 BEH Cis#1:(50 mmx2.1 mm,
1.7 pm)VE R AR, BLAE T3 sh A A MoK . 0.1%F % |
5 mmol/L H &% (2% 0.1%H fR). 5 mmol/L Z &%k (3l &
0.1%H FR) Al B HH(Z NG . BE)AS [ EL A 700 E by 3 sl AR
I 6T 0 M T T e S AR 1 o i . 45 SRR WD
AHH I 0.1% A A 02 3E P B M+H] W, HE -+
TR HREE . LIRS 0.1%H IRIBATA A R
LPr) pH ZZ 0iRE 11, 38 A FAERE pH A T IR AR 1
58, ARG T RN BT A S AR ) AR B ) L R G
BEES RACBRE-F L. LR 0.1%F IR)-F B R
A, S B A 2-( = 5 B ) 4% HH I e i e B 458 K
FLTE iR, 3 v B8 2 h T Y WA T 20 1 05 286 1 8 i 5
SR RE T8 R R EL(0.1% H R)- LGB, FUL 1A
PR M T 2-( =960 Y 3662 P TG P e T 9 8 FL GG, I B e
78, PRI RLE (] 2). B, ABFFER S 0.1%H BRI
LTREG W- CIGVE R Bl .

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
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1 2 3 4 5 6 7
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Fig. MRM mass spectrometry of flupyrazole amide and its metabolites
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Fig.2 Total ion flow diagram of flupyrazole amide and
its metabolites

23 EFEBUATIAEE

AR T RN . IEC k. NE ., FEE. 28
MZNENEN QUEChERS AU 71| B Xef i bk 17 P e S LA
BRI ZERCHICR . S5 E R SRR e S A e e]
BTHE., CEMCIE, MIET LR OB, EC K FPIER;
R 2 U 70 0T RN PR T A B LA 4 ) S S5 4 B i 2R
KN KHAETE N Z 85 (97.4%)> Z 5 (91.3%)> H i
(85.8%)> N 1ilil (56.4%)> 2. & £, Tig (34.7%)>1E T Kt (21.1%),
Frp 2 T %o 80 MM TR T e B LA a5 0 104 1 14 4 B T s 3 A
94.2%~102.3%, I 97.4%. Mk Z 51 J LG .

2.4 BEFIREE

AWFFE L T & - H-N-TH ZE i 4 (primary-secondary
amine, PSA)., f1281bHk # (graphitized carbon black, GCB)

H /e FERELE (Crg)VE M QUEChERS A% B4k 351 it %o 4
M TR PO e B LA LR . 25 SR R ARSIk R
X5} SR T T e B LA 1 0 1 - 2 i A I e B R M HE P
H: Cis (98.3%)>PSA (82.6%)>GCB (85.8%), C,5 ik Inlk
R 1o PR 30 3 AR R A PR O R B v A AR
P % SR BT TR e B AR T B o WasE % o VB b 7 o
25 ZMSeE. KUERERESR

I S o A SEAE & B 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 TR e 2 AT IR B R IR W, 4% LR s ik b T
WRE, SMridiestilbrmE i, 7825 P AESeRE S 43 s
R B 1 TR PR R e B LA b v i, LA 3 (R
(SIN=3) & 4 R (limit of detection, LODs), LA 10 f5{5M
HL(SIN=10)#ffi & & = BR (limit of quantification, LOQs)(Z 3).
ZEI IR 7E 1.0~50.0 ng/mL Jia ik BRI, RO A R
JRERIT 2-( 95 FF ) 8 Y P fe 11 J it e o {115 I Sk v 3 22 )
HA R CR, HERBEHA/NT 0.9996; LODs
¥4 0.25 pg/kg, LOQs ¥134 0.10 pg/kg.
2.6 INFREIWEFBIRERE

FEAE3R2S PR P In UL PR e B 2-( =30 R ) 2
W AR PR HER IR, R ACE-53931 0 2.0, 10,0, 50.0 pg/ke,
i R UPLC-MS/MS 3£ 8EA 7 i [l yie SR %o A v
22 (relative standard deviation, RSD)5E, KL PEAL BIF
A 1 U B R RIORS 9 1 (3R 4) 0 AR 4 rPmT 1, Stk pT 7k
JHe K FEAC 90 9 b [B1 U563 2 (7. 89.9%~102.1%, [H]
W2 T AE 94.6%~97.2%, RSDs K 1.3%~4.5%, 54
NY/T 788—2018 { A4y e 24 5% i i g e ) ) B 5% B
TR J3 VRS 2 B I oK

#3 &MEE. EVEERE. RHREESR

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

Hisor ¥ LM/ (ng/mL) EYEpry r? LODs/(ug/kg) LOQs/(ug/kg)
TR PR 1.0~50.0 Y=9756.4%+1726.6 0.9998 0.25 0.10
2-( 95 3 2 T 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)

HArs+ BIKF(ug/kg) 5 Mq&%ﬂ%{?% ; [P {E/%  RSDs/%
2.0 97.5 96.7 89.9 9.1 94.6 96.7 94.6 32
ML 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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