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i R R OB €0 3 - R R S A T AT o RS R FH 22 S N 3 M A SR U, TE Ak, R VC Bl AR
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BEE I A BRI X R (r=0.9999), 7E 0.01. 0.50, 20.00 F 30.00 mg/kg FMKFT, THEn-FfmE5nt
2 [y 83.9%~93.6%, FHXSFRIEIRZE ] 1.1%~5.3%. E BN 0.01 mg/kg, 6255 B 06 A i
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ABSTRACT: Objective To establish an analytical method for the determination of flonicamid residues in tea and
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assess the dietary intake risk of flonicamid in tea. Methods Flonicamid residues in tea were extracted using
acetonitrile, followed by dehydration and salting out with anhydrous MgSO, and sodium acetate. The supernatant was
purified using anhydrous MgSO,, Cg, primary-secondary amine (PSA), and graphitized carbon black (GCB) as
adsorbents. Analysis was performed using ultra performance liquid chromatography-tandem mass spectrometry in
multiple reaction monitoring mode with positive ionization. Quantification was achieved using matrix-matched
external standards. Dietary intake risk assessment was conducted based on residue trial results and the dietary
structure of the Chinese population. Results Flonicamid had a good linear relationship (r=0.9999) within a
certain concentration range. At levels of 0.01, 0.50, 20.00 and 30.00 mg/kg, the average recovery rates of tea (dry
and fresh) ranged from 83.9%-93.6%, with relative standard deviations of 1.1%-5.3%. The limit of quantitation
was 0.01 mg/kg. The final residue test and degradation test showed that the residual amount of flonicamid on tea was
mainly affected by the combined effects of application dose and harvesting interval. The half-lives of flonicamid in
fresh and dry tea in various regions were between 0.8—4.0 d and 0.8-5.1 d, respectively, indicating that it was an
easily degradable pesticide. The results of the dietary assessment showed that the estimated daily intake of flonicamid
through tea consumption for adults over 18 years old was between 0.74-0.81 pg/(kg * bw * d), which accounted for 1.05%
to 1.16% of acceptable daily intake; combining the registration status of pesticides in China and the existing residue limits,
the national estimated daily intake of flonicamid for the general population was 58.5193 pg/(kg * bw ¢ d), which
accounted for 83.6% of the acceptable daily intake. Flonicamid had low acute toxicity, and the probability of
causing acute dietary risk was minimal. Therefore, there was no need to conduct an acute dietary risk assessment.

Conclusion This method has simple pretreatment steps, high accuracy and high sensitivity, and can be used for the

detection of flonicamid residues in tea. Upon evaluation, it has been determined that flonicamid does not pose an

%16 &

unacceptable risk to the general population.

KEY WORDS: tea; flonicamid; residue; dietary intake risk assessment
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Table 1 Informations of pesticide formulation
1 #R5ER*® g MR SUEMBHEANZ 25U
- BRI% FHR (/1) B
1 RESRE 1 10 37.5 W52K, Hidh
Waters Xevo TQ-S 8 /= &0 Al (0 3% £ B ot 1% 1% . ' liffi 47 d
2 8 48.0 B2 1K

Acquity UPLC BEH C g f4i#1:(2.1 mm>100 mm, 1.7 pm)(3&
Waters 2y H]); KS4000ic fEEAR G . T25 R SIHAL
GENIUS3 Jig 1R & % (781 KA 22 ]); 3K15 Bk 2 ObL(E
Sigma 2 H]); ME3002 HLFRTF-(F5E=0.01 g). XPE205 Hi
FRIF(KEE=0.01 mg)(Fi-L: Mettler Toledo 23 #l).
1.2 MR5EH

FUNE H Pk iz (46 98.76%, % [E Dr. Ehrenstorfer
GmbH A H)); ZIE(figal, fEEREA ), KB,
To/KBRBREE (G Hral) . f1 281k 1% 2 (graphitized carbon black,
GCB)(E 25 b 2= A BR A |)); LR R (g2,
R T A bR e A FRA D), S ks rat, E
B 2 FOAL Tk ), SmREk [k al, FrHn T 5
(A RAF] aG@irat, 1LRVEWALZEA A FD);
Cig. & -N-TN KehE 45 (primary-secondary amine, PSA)(K
HEG A RBHECA BRA \l); BERR(0.22 pm, Jb a0l S}
HABRHE)

1.3 /5 &
1.3.1 = R%

I 1 Hb A 2020 4E 6—11 A 20 SIZEILRIEm . VL7
B WL BRI, IR SN,
BCAR . TTPE R T AR LA AL THT 1 4E 10 M H
B35

I 2 M 2024 4E 6—11 ABIFEH IR . L4
VemE . WL oS WERY . WAnERE .
MT. MRV WEE. RIS T T L
410 Hiu g FH R IG

RIS 1 20%580E BB « BORSER AR, K
55 2 i 10% 500 bk « H 4R B 77 A0 Rl Bk i &
WAER 1 FiR), FA/DG T R Az B4 7 i 1 g
Fhtih. wLIRBIAR: HMK58/NX 50 m®, DMK [E#
PRy . HIRXTIRUNX , R 1 MR R . M2k E
A 25 (B R EA T WS S5 Rt 24, BREe 1 SnE s eR LA
37.5 g/ ATREZ R R, Mizh 2k, MEZimREA 7 d; K5
2 FEIE R DL 48 g/ A IIRE 25 &, MEZS 1 K. 7EIRE
NN, B R SR — YRt 24 B[R] B B TRD S 7 d R 10 d SRAE
TR RS TERZIRE/INK N, AERITHEZ,
P A Ja — RE 24 i R BR8] 8 0L 3 1 14 d AN/ N AR IR
SREEREE 2 AL RS, BEPLZEAR DT 12 A REA T
Befh 2= 1 kg

T RAT P2 DU 3 o B 100 g, 3R Ay St ki
MM HIZE TSN T, HER T2,
132 MR F ik

A3 BIBRIBURS TR (1 T 25 FREE S 28 F1ARE S g(RE T &2
0.01 g)F 50 mL .0, A5mA 5.0 mL A1 15.0 mL 46
K, ¥ 10 min, AERAAIAZHE 10.0 mL K — i F % 44 it
F, EFER DL 350 r/min JR% IR 30 min, MA 2 g TG
IKERFREE, 0.5 ¢ ZIRAN, WIZIPRY 1 min J§ 9500 r/min 2§
> 3 mine WHR 1 mL _F 39 28 N5 BRAGRI AT Ak 50 0 S8R}
BLOE (150 mg To/KBRFREE . 50 mg Cig. 50 mg PSA FlI
25 mg GCB), WHEIR~A] 1 min, 9500 r/min (> 3 min, WZHL
0.2 mL E35#5 0.8 mL 0. 1% MERERZE 1.0 mL, 1R’
5], 1 0.22 pm JEES, f UPLC-MS/MS ll%E o
1.3.3  ARBEIR EH

HEBRFREL 11.33 mg, 4R 98.76%FRNE IR HIbRIE
RS, BT 10 mL MR, FERSsECIEEM . 24, B
Tl BT R 1119 mg/L ARFR . P G4l 2 IR al
FTEH N 100 mg/L AARUEH R A . 0T T O i F
FFREAE S 10 mg/L | 1 mg/L RIFRAER IR, B9 B R
HYREEST524 0.0005, 0.0010., 0.0050., 0.0100 F1 0.0500 mg/L
FRINEAT . AT A (B FE BTbr e T AR,
134 MEEH

3% 55k Acquity UPLC BEH Cig f8i5%45(2.1 mmx
100 mm, 1.7 pm); FEiR 35 °C, FESEIRE 15 °C, HEFEMA
5.0 uLo A 0.1%F BR/KIE R (A ZNEB), KM
BERVEFERE: 0~1.0 min, 20% B; 1.0~1.1 min, 20%~90% B;
1.1~4.0 min, 90% B; 4.0~4.1 min, 90%~20% B; 4.1~6.0 min,
20% B, Ji#: 0.3 mL/min,

JERESAE: BMEREE IR, EEFHE, ZERNN
W, BT 2.5 kV, 00 1000 L/h; AL E:
150 L/h; PRI 150 °C; S54LIRE 500 °C. EREF XN
230.1>203.2, RFHEAER 15 eV, EPEEFXh 230.1>183.2,
TEFERE R 22 eV, HEFLEHLE 30 V,

1.4 HIELIE

i H Origin 9.0 #EAT4HE b B . 056 45 5% FH AR 2wl
A5 AR, SRE S BERE AR A B R AR B, AR
= (1)~2):

C=Coxe (1)
In2
T= Lll( 2)
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K Co WEEM FAR VIR, mg/kg; Cp t AFERS Ak
ZiER T, me/kg; K HBEMEHERFEL t JRAERT], d;
T AREARE S, do

1.5 REIEE
151 R RABEKHIER BN LT
*ETE‘?ELIEEH*@?H"J&%M—E@?%%E—') g A

U 5% B iR 56 P {H (supervised trials median residues,

STMR), A ZGTEA [R]AKE P A IS I 1R i £ R B PP A,

THEAL A G)~4):
EDI=STMR*F/bw 3)
RQc/%=EDI/ADI*100% “4)
A EDI A ki1 4F H B A & (estimated daily intake),
mg/kg bw; STMR B0 54 /) STMR, mg/kg; F AH
FEl 25 2 AHERY 2RI 25 H AR, ke/d, R4 R R}
Be 25 MBS R HERE AN H 12 g 2K bw N MK EE (body
weight), %ﬁ?( o ] R R DR T 1A 4 ) PO
RQc gt XU 7 %% (chronic risk quotient); ADI “h4F H
ltFj‘iEx/\i(acceptable daily intakes), mg/kg bw, A7 R
0.07 mg/kg bw(CEJE: GB 2763—2021 (£ k44 H G
B R 2 i KR R BR ) )o
152 —BAFEKMIEEBAR G F 1
WRIEREEREROAEEEN, S5 R KRB RE
(maximum residue limit, MRL)FrifE(GB 2763—2021)Fl12%
R AR B R TP E T A E R AGA E H R AR, 1A
H(5):
NEDI=Y[(STMR(8{ MRL;)xF;}/bw (5)
A NEDI B 5441148 H 48 A & (national estimated daily
intake), pg/(kg * bw * d); STMR;(E; MRL)N%E | XY RE
FAA S e g 5% B P B MRL {8, mg/kg; Fi &)™
S BYTH B (food intake), g/d, — M ANBEFERI A 5L 09T T
Z W E I 2 i R H AR EEELE). T
— B AFEXT A AT SR B 2 BARG B, T E LR
2EBE RS S T VORI A B H 12 g YA HH 2 ikt 7
TEAG, X—5E S EE s S m AR . Hik, R EA
17 NI YRR B ] 2 B Eh R T
TRUE P T i 7 M Bl A XU T R A B H AR
di ADI [ H 4 IR, 2M%ADI<100%, Bl 4aRi=1
i, #7% MRL {HRTAESZ, %ADI#/h, BRI 4 REK,
MRL ﬁﬂ’]%?}h7k¥ﬁ%o
153 2 &SR RN RS 15
*E?EZQW&}% A 21 (Joint Meeting on Pesticide
Residues, JMPR) 2005 4E4¢ 45, HAREEMEAR, o262
22 % K| & (acute reference dose, ARfD), [Hitt, H¥
SEREE R AT REPER /N, AT AR E AR
Al

2 HER5HH

2.1 FRERRIZS%MSEE
fdi Fl Acquity UPLC BEH C,g f3541(2.1 mmx100 mm,

1.7 pm)iA 5538, 76 PR EARESRAE, Bk 0.001 mg/L
S R TR DA E T A RN A I S P A,
& 1,7E 0.0005~0.0500 mg/L 3 il Vﬂ RUIE MU I o R
5% 0 i T FRZR M R R AT . i/ NS 3
ik, liEPEJFMﬂPE’JIEIHﬂIﬁ Y= 26916401.1X-531.0,
AR E r S 1.0000; 7E & 0o iy m] 5 Oy #E Dl
Y=27854632.5%+6547.3, IR L r 7 0.9999; TELRH I H
B E I 7 F2 R Y=231082642.8X+1720.1, M 2% r H
0.9999; FIE H Ik e £ T 2% i 6 255 b e (49 686 5T 240 1
—13.4%H1—10.4% ) e /MG R 2.5%1072 g,

100 2.45 230.1>203.2
(g 3.95¢5
S
)
bl
g
O I
1.00 2. 00 3. 00 4. 0
A5 B4 15 ] /min
100 e 230.1>183.2
X %{ﬂf(@:ﬁ) 7..5464 '
i
bl
42‘
0 e 1 L ot | 1

1.00 2.00 3.00 4.00 5.00

{2 B B} 1] /min
100 2.45
2T 230.1>203.2
S 2.88e5
Y
bl
=
0 A n
1.00 2 00 3. 00 4.0 5.00
FA 1] /min
247
100 -
) 230.1>183.2
- 5.76e4
Y
bl
g
1.00 2. 00 3. 00 4 00 5.00
15 B4 B5F 1] /min

B 1 FE kR Y UPLC-MS/MS MRM 43 [&]
Fig.1 UPLC-MS/MS MRM chromatograms of flonicamid

2.2 RMEWERSHEMNRERE

B R g 45 R 2R, £ 0.01,0.50.20.00 1 30.00 mg/kg
(4 AUIKE T, RO0E B 7 T 28 i A e it rh g
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B ] U 275 [l R 83.9%~93.6%, A % 47 1 1 2% (relative
standard deviation, RSD)H 1.1%~5.3%(F 2), %71k HA
B R R RORE B R, AR AR 2 2R R IR,
& 11 f (limit of quantitation, LOQ)>A 0.01 mg/kg.

F2 FIEERRERI R AR MBI (%, n=5)
Table 2 Recoveries of flonicamid in tea (%, N=5)
P O SR kot
/(mg/ke) Spymlfr RSDs FHIMILE  RSDs

0.01 89.2 4.1 93.6 44

L 0.50 93.0 1.2 93.4 1.7

Bt 20.00 92.3 5.3 83.9 3.8
30.00 89.0 1.1 / /

T AR s, R

2.3 RARKRE

Fie e RO A TRE R, A Selne R BERR RS
HIER BRSO, ZEIREY 1, 37.5g/AFIRT, iz 2 1k,
2% R RN BE AR 7 d B STMR 2 0.96 mg/kg, & E55%
B4 £t (highest residue, HR)H 1.6 mg/kg(3 3). M 24515 0
F)K 2 1Y 48.0 gAY, 2y 1 IR, B0 STMR [
% 0.47 mg/kg, {H HR F+ £ 2.2 mg/kg. 1l BEAR R EE A4k
ZAEAE A DY I SR AR e B P RE A E 22 50 AIRVR B it
2 0 Re AR Y A I 5 25 5 R WA 24, FLAR A SR 2 ) )
PEATAI AN BB o T v ¥ B it 24 1T R 2> R BUE P 40 i 32 41,
WIS RE ), B I R B e A R o AR 2,
TR AICAR B it I B it 24 1T BB 76 PR BT P PR 5 o K s ],
B R T R VA B 24 T R IR AR 2 (R, TR
AP SR i S 7 2 R AR 1 1

SR R R M AR B I L Y B R R 5 e 24 R 2 AR A ()
b R LR R . FE B IR P, B SR IR] B 0 A e
KON 7d 5] 10 d), TCit R EEE 00 T 200 5k i i
B RREEGES. Fln, R% 1 &AM 7 d 59 STMR
9 0.96 mg/kg, MM 10 d J5WIFFEZE 0.69 mg/kg; % 2
WAL RN T RS, X — G R, 38 M 4E KRR
ez 0 2 AT i v e 245 % B e A A it o

EARFE R, T2 rh e Bk e 1 5 B3 R
Z R RIFGHIRZ W, @ ZB M THFRZEEEH, 1
FEITIREE . Bl T KRR MBS

INTIREE B AR iR B 55 o T T A% ok 4 sl b,
T A I o G P 11 % B S O L A 3~4 i
RAEREZRM 5 T3 1058 B AR UE L AEEE S, (AP
ERAEA G FEA 3

T [ B AR RN SR e A 25 e ) MRL {8, B
FE . FHE . BRI H AR MRL {84374 40.0. 10.0., 0.1
F140.0 mg/kg, HERAINE A il 45 i b () SEONE H Tk e 5% B2
i, AT RS E N SMOFEC L S niE, TRBEH
PE MRS, TRl It ) T 28 M7 AT RRE A .
24 HBRRAW

4 MR BRI RS R Y MEZNE 0 d RAEARN, 15 1 5
W HR R AR BRI AT A P ) LR BR B R 3.0~9.2 mg/kg
A 13.1~27.5 mg/kg; 14 d REEKM, %83 & 4<0.010~
1.100 mg/kg F1<0.010~2.800 mg/kg, o HMEFEAS HfeE A<
T ZEn S R FIIFF G — R 1= TR, AEWL . i
BTG AR R SRS A O 2.1 1.4, 1.1, 4.0 d;
FETREMEE RS 2.00 1.7, 1.2, 5.1d. A5
2 B P A 8 5% R T A o R 1R B B A
3.6~6.0 mg/kg I 11.8~23.0 mg/kg; 14 d RAERGIN, 7kl
4<0.010~0.350 mg/kg Fl 0.045~1.200 mg/kg. FrME 5 FHERE
AR IR TR R A I AT 1.6 0.8,
1.2, 0.9 d; 7ETZMFEHRREEISM0 29, 09, 1.1, 084,
IEZ T T B R RO, B T 5 B AR 2

2 HAEOER B T et Aa e, (H BB 25 R
it 24 YA G I T R S B b R 25 R R BRI, T A
AR AR T RS, ARG iSRRI B
T 452 DR 3R A BE S MR A 24 70 2% I v 1 o A ok R Nk B 5 4611,
I VG RIZEM AR | R ak T A o B, TR
2 T R A A B B R A A e ] A e AT
FITA M IX B2 AR B I TE 2 e 14 d YR, sy
Hb DX P55 P 4 O 1 BRI Sl T RIS I v g e 245 8% B2
i, AT TR 24 790 i R e 24 YR BRI Y S R W ]
P
2.5 BEREBEAXKITME

AT A o R R R s R a, R
R 2y, ARG 7 d BT, 153
TAS - R A ek B R Bk STMIR {E2H 3.7 mg/kg,
BZAE W AR WIRE S ARG PEMG AR 8. 540,

%3 AEABRERT EHNSEKBEHRE

Table 3 Final residue data of flonicamid on tea

it 24 75 " iz 17 6 5 /(mg/k F2& M /(mg/k
CN)) /d STMR HR STMR HR
. 7 0.96 1.6 3.70 7.2
R 1 37.5 2
10 0.69 1.4 2.80 6.8
N 7 0.47 22 1.40 6.4
R 2 48 1
10 0.31 0.9 1.00 3.3
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H 8 [ RS [R1 A I B BE R IR ST 188, A AHEZr o 5 A
IR (1) JLE(12 ZLITF): AR, ZhERIK
Mo QEFPE02~17 Z): AT HIEEFH B, A HFER
B Q) MHAENI(18~39 2): o ARER A AR,
A FE TR 22 SR o (T B4R (40~60 /) ROGTESRAE
Ffa Rl R, R RCA TN, (5)ZF (60 2 LUR):
TRAS TEARXT AR, (HAER AR T o — 2 e, PPAR 2 SRR
Wi 4), 18 % DL b AAE Ay JUE de Bk i) EDI A 7
0.74~0.81 pg/(kg * bw « d)ZfEl, & ADI ) 1.05%~1.16%,
SbFEARAK- o XILFEFE DAL, RERERER,
TR F A P I N, RS AN 2 F A A
SRR, JihE BB A AT gk i 30 1 452 AR K
ARG R AR T LA 7 .

FNE H ke AE T RO AT AE R 25 R, 45
HIRERAEICE O R R ARG s, i
STMR {8} 3.7 mg/kg THHE 15515 A JAE R B NEDI
b 58.5193 pg/(kg * bw * d), ADI Jy 70 pg/(kg * bw), i
ADI 1 83.6%(# 5). t1F NEDI i35 i H T MRL #i
R B R IR A PEAR O vk, 45 T RE T SR B UL K .
JEF BTG5 B 06 B R AT 1 ik R AL, SRR R P
o — B N 08 e e £ XU vl DA 37

F 4 TEABETEERBAERNICERERSBAXKGITME

Table 4 Long-term dietary intake of flonicamid in
different populations

Ty WE AT EDI RQC/%
/kg /(g/d) /[ng/(kg * bw)]
125N / / / <JBAEN
12~17 / / / <JBAEN
18~39 60.30 12 0.74 1.05
40~60 60.30 12 0.74 1.05
>60 54.75 12 0.81 1.16

*5 FIEABRRAVE R R R

Table 5 Dietary risk assessment table of flurflufenamide

. e NEDI
e 00 BRI g g -t - 0)
/(mg/kg)
KEFAE 02399 0.7 [ 2.6656
A 0.1385 0.08 r [ 0.1759
HasJ  0.0233 0.7 [ 0.2589
Bk 0.0495 0.2 A 0.1571
qﬁﬁﬂif = 0.0160 / / /
WEERE  0.0915 20 I 29.0476
REHEE 01837 8 o 23.3270
i3 0.0103 / / /
KR 0.0457 1.2 o[ 0.8705
S 0.0039 0.01 o[ 0.0006
EEL 0.0795 / / /
W RS 0.0263 / / /

¥ 1645
= 5(8)
S ik .
P /;ilji E{g KR NEDI
- /(kg/d) - BRI /ug/(kg « bw - d)
/(mg/kg)
HAHESS 0.0236 / / /
fmIr2E  0.0301 / / /
EYm 0.0327 0.6 [ 0.3114
Y 0.0087 / / /
i YER 0.0044 / / /
T
SN 012 ) 704
gEy 0.0120 3.7 P 0.7047
Hm 0.0090 7 | 1.0000
ait 1.0286 / / 58.5193

3 Wit5ER

A5 3 3 ik B AN R, RGO T e
T i A 2% I v A B A R, SELRN T DG AR I F 5 A
Flo Z50L3M, TRUNE UMb 1 45 b S 28 AT 28 iy o 5
WI9350 0.8~4.0 d F1 0.8~5.1 d Z 18], J& T 5 Mefidczh ., &
W L T S I Y 3% P k2 i 24 791 e AR MR s A
ML SE . BeAh, FETZRnt b sk B A A2 i T T2
S PRI, FESEBRAR P, SE SRR SO ER T, AL
A LAAT R AR 2 i e GgURE Hhe T e 1 32 B o, SR BB AR TH 25T
T, SRR E A A PR e g T, Ak Y
SRR SR AN W AR ) O

BT R R, SRICAIFRIAY 7 d B, DLTZRRE
9 STMR {5 % JBUBE HU P e A T UM M B XU DE A . 46
R FRE AL AR (FE BAE NN EDL HA
0.74~0.81 pg/(kg * bw * d), (5§ ADI ] 1.05%~1.16%, &M
EZR M Hh % B X 5 208 AT P B s BB A XU Ak T T
2R S ATk ER 2RO OB A AR R, — )
TG sRBEZ () NEID 4 58.5193 pg/(kg * bw = d), & H
FVFHEATE Y 83.6%. ZiFAh, FUNEHU BRI — B AFEA
SR AR AT HEAZ I KU .

AW T G5k B I R, PRAL T SRNE e
X 3 25 S AHE R PR IR £ XURS:, Ry B e 4 MR
PR
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