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Residues and dietary intake risk assessment of flonicamid and bifenthrin
in peach
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Abstract: [Objective]lTo provide the basic data for rational use of flonicamid and bifenthrin, the residu-
al characteristic of the two pesticides used in peach were studied, and the chronic risk assessment of
long-term dietary intake of the two pesticides were evaluated. The maximum residue limits (MRLs) of
flonicamid and bifenthrin in peach were recommended, and the comparisons with the international
MRLs were analyzed.[Methods]An analytical method was established to simultaneously detect the resi-
dues of flonicamid and bifenthrin in peach. The samples were extracted with ethyl acetate, purified with
QuEChERS method, detected with gas chromatography-electron capture detector (GC-ECD), and quan-
tified with external standard method. The digestion patterns and the final residues of flonicamid and bi-
fenthrin in peach were analyzed. The national estimated daily intake (NEDI) or theoretical maximum
daily intake (TMDI) were calculated by using the supervised trial median residue (STMR) or maximum
residual limit (MRL), and the chronic risk quotient (RQc) was calculated according to the acceptable
daily intake (ADI). The pre-harvest interval (PHI) and MRLs for the two pesticides were recommended.
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The protection level (CPLc) of recommended MRLs and international standards for the two pesticides
in peach were evaluated separately and compared [Results]At the spiked level 0f0.01, 0.1 and 1.0 mg kg,
the recovery rate of flonicamid ranged from 86% to 104%, and the relative standard deviation (RSD)
ranged from 1.5% to 5.5%. At the same spiked concentrations, the recovery rate of bifenthrin was be-
tween 82% and 92%, and the RSD was between 1.9% and 2.2%.The limits of quantitation (LOQ) of
both pesticides in peach were 0.01 mg - kg'. The field trials for final residue were conducted in eight
provinces in 2018, including Shandong, Hebei, Henan, Zhejiang, Shanxi, Sichuan, Liaoning and Hubei
provinces. The dynamic digestion experiments were carried out in Liaoning, Hubei, Hebei and Zhejiang
provinces. The degradation patterns of flonicamid and bifenthrin in peach accorded with the first-order
reaction kinetic equation, and the half-life was 2.5-5.6 d and 1.6-6.7 d, respectively, proving that the
two pesticides are easily digested. The original deposition amounts were slightly different in different re-
gions, and the experimental site in Liaoning province was relatively low. The high single fruit weight of
peach, which was 2-4 times of that of other varieties on average was speculated. The application of pes-
ticides in the fruit expansion stage had a greater dilution effect on pesticides compared with other variet-
ies. 15% bifenthrin - flufenthrin suspension concentrate (SC) was applied twice in accordance with the
highest recommended dosage (37.5 mg-kg') in peach trees. At 14 days after the second application, the
final residue range of flonicamid was from less than 0.01 mg - kg to 0.033 mg - kg ' with the STMR of
0.015 mg-kg", and the final residue range of bifenthrin was from less than 0.01 mg-kg"' to 0.029 mg-kg™
with the STMR of 0.012 mg - kg''. At 21 days after the second application, the final residue range of
flonicamid was from less than 0.01 mg- kg to 0.024 mg kg, and the final residue range of bifenthrin
was from less than 0.01 mg- kg™ to 0.025 mg- kg, which both with the STMR of lower than LOQ in the
analyzed samples. The final residual quantity decreased with the extension of sampling interval. PHI
was recommended to be 14 d. Flonicamid was registered on seven edible crops such as rice, cucumber,
potato, apple and tea, while bifenthrin was registered on twelve edible crops such as wheat, tomato, cu-
cumber, apple, cotton, sugar cane and tea. According to GB 2763, the ADI values of flonicamid and bi-
fenthrin are 0.07 mg - kg'' bw and 0.01 mg - kg' bw, respectively. The dietary intake risk assessment
showed that the chronic risk quotient of long-term dietary intake for the general population to flonica-
mid and bifenthrin was 18.0% and 45.1%, respectively, to which, the contribution of peach was 0.09%
and 0.2%, respectively. The results suggested that flonicamid and bifenthrin generally does not pose an
unacceptable chronic risk of long-term dietary intake on the general population, and peaches were only
a small percentage of the total dietary intake risk. According to HR, the MRL values of the two pesti-
cides on peaches were both recommended to be 0.1 mg - kg'. The TMDI of flonicamid and bifenthrin
were calculated to be 0.798 1 mg and 0.288 0 mg, and the CPLc was 5.53 and 2.19, respectively. Ac-
cording to the MRLs in USA, the TMDIs of flonicamid and bifenthrin were calculated to be 0.821 0 mg
and 0.306 3 mg, and the CPLc was 5.37 and 2.06, respectively. The MRLs recommended in this study
would be stricter than the USA MRLs, but they had a relatively consistent protection against the chronic
dietary risk for Chinese consumers. The reason might be the lower risk contribution of peach.[Conclu-
sion]The improved ethyl acetate QUEChERS-GC-ECD method was convenient and fast for simultane-
ous detection of flonicamid and bifenthrin. In accordance with the recommended use of PHI, the RQc
of the two pesticides in peach were acceptable. The MRLs recommended in this experiment for peach
are stricter than those in USA, but the protection levels against the chronic dietary risk for Chinese con-
sumers are similar.

Key words: Peach; Flonicamid; Bifenthrin; Residual characteristic; Dietary intake risk assessment;
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(IAH W FT . GB 27631 1 A K0 i P F A& 245 76 Bk b
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TE 5% B T AR50 o ARk R 35 Dy 2 b T R S R

KH R, 7008l AR i Jdk” T sk
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1.2 U AF5HF

GC-2010plus “AH {5 3% {3 (A ECD i fl #5) , H
A SHIMADZU ;: MX-F R 3% Ji 5 #% , 5% [ SCILO-
GEX:; IKA T25 i=i# &) JZ L, 4% [H IKA ; TD5A-WS 15
HE DAL, BRI R U R 0.01 @), 3§
ZHHr.

100 pg - mL" % ¢ 3 BE % (Flonicamid) A5 #E
¥ » AccuStandard, Inc; 1 000 pg - mL" Bk 7K 54 [if (Bi-
fenthrin) A5 8 1, AL AR A 38 30 855 & I B R 56
AR A0 CREE 5 B85 46 28R T , ACS s ta il 4 T4
fill  IE Lt B BRAL 5050 G R A ] 540 pm £
Ji -N- T4 2 1k Je FeE Ji2 (PSAD 5 Agela Technologies s £1
1k % B , Agilent Technologies; 43 HT 48 7t 7K i IR
B YUE 225022 pm TUALJE DRI, 5 = SIS FEM
HRAA
1.3 HAKBERE

BS54 BE /N X AR /N X, BN X 2 D 4 B
Bop . Tk A AR RIS S5, DA AL HE 5 o
B 37.5 mg kg Wi £ 2 Ik, a2 [AIRG A 7 d.o X /N
DX R REAT I K B TR 25 )5 1421 d, &4
INDCRAE 2 AT RE
14 FZRBIHEERE

FEIL 7 D430 59 B R VAT AL 5 MM S HT VT AT DY
Hh O Fe Bk B VA AR o R B T A A A 4 Bk B
B/NX R, 3 T AR i 24 f5 2 ha3 d.7 d. 14 d.
21 AR TFEM .

1.5 RBARAEE

1.5.1 Hsaris®  FRESIHFE R 10.0 g T 50 mL
HOEH, I L8R 465 10.0 mL, 3 R % 32 B 1
min, I FALBN R TC KR BR B 75 2 g, I ZUHRBE 10 s.
4 000 r-min", &0 3 min, B {5 W3 17 QuECchERs
Hik. 7 BIFRELPSA 0.6 g JC/K B BREE 1.0 g 7 5
0.2 ¢ F 15 mL &0 H, InA L&l 4 mL,
eI SIS AL, B B G 1T 0.22 um R FLJE I, A
M

152 # 0 &# Rx-5EREFH(30m x 0.25 mm x
0.25 um) , FEJi & 1.0 mL - min™', 72 /5 FHE : 150 C %
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FF2 min, BL6 C -min" J+ & 270 C, {&£ #F 5 min. 4
R FE (20:1) , HEFE TV FE 250 C, K 2% IR E
320 C.o FEMCIRAT T, FoUNE R Mg RTIER 2 25 i 1) £
BA B 1) 43 1) 4 4.9 min A1 17.1 min.
153 ARk dass H O OB HE T, I 6]
4.0 pg - mL FUE HPE i RTG53 T b 14 i 2% L 9T
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T HHE V5 Y0 S 0 Ve T AR A TR, 93 il 22 1) e g L 7 Y
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AR 10.0 g, Horb 1 T B RS 15 4
F T 0 00 RS < 43 0l 1) 2% 1 BRRE i A 7 0 0.01
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PWH LRI KF (CPL) (AP, CPLe>1, %W
MRL {f 1% 3] 7] #5252 1) R 47 7K F-, CPLe {H Bk a7 , R 47
IR s R, RIS B A2 (AR KT

/A7 1:NEDI =¥ [STMR(STMR-P))x F/]

A3 2: TMDI =X (MRLx F)

270 3: RQc=NEDI/(ADIx bw)*x100%

A7 4: CPLc=(ADIx bw)/TMDI

A, STMR— R 25 £ AR v 1 176 5k B ik
56 Al , 25 J5 A AT LA MRL B 4% s STMR-P, — Fi i
TR B DR S 5 B e T B s MRL—JE — A 7=
mn BCRT N POR 2 i R IR F—— RN —
BV 9 2 ADI—T H R VPR & s bw— IR E
NFE NI E, — 4% 63 kg it s RQe—18 1t KUK
F s CPLc—MRL {8 % K BA Ji% £ £8 A8 P2 KU 1) R

FKF,
2 R 550¥r

2.1 DB ENGMSEE EREMBEE

Pt 22 7E 0.01~1.0 pg - mL J5t &9 5 36 Bl
LRk R, 2RV B 5 2 N BCR S, 2R M IRl R
I3 9N - e R RE Y=3 067 373 X+31 774, B4
fig Y=805 397 X+19 965, £& M #H X REL (R ¥ KT
0.99. fEZ5 AMFE S R I10.01.0.1.1.0 mg-kg' =
AT IREE , AN S AN B, F0E HUE L
1B 2K 46 T 1) TR A0 2R 43 1) N 86%~104% + 82%~92%
RSD 73 5 5 1.5%~5.5% 1.9%~2.2% , 1 i 5 AUk 25
FEE 35 7 AR AR Hh A 24 3k B A 0 4 DU ) LK, AR IE
T RIS S R HERA T 5 o TRUNE H IR Jh R R A 5 i 1Y)
SE RN 0.01 mg-kg' (R 1), bRl k2 A FE
st AR R 0 [T WA i L Y 1 P DL P 1

1 FUERE AR AR FEEESk AR
B % AR RE (n=5)
Table 1 Recoveries and RSDs of flonicamid and

bifenthrin in peach (n=5)

K2 [\bn K I Recovery/% *H St
Pesticide Spiked level/ SEH HEw 72
(mg-kg") 1 2 3 4 5 Average RSD/%
FuEd o 0.01 94 103 101 92 104 99 5.5
g’fficamido.lo 101 98 104 103 99 101 2.5
89 87 89 88 86 88 1.5
R ZEE 0.01 87 90 92 90 88 89 22
Bifenthrin ¢ 19 85 87 86 85 84 85 13
1.00 8 84 85 83 82 84 1.9

22 RAEMENZEEREE

M i 20 25 77 2 (R 2 W] LLE Y, DY 3 Al 3
BEERBTTE — RIPBLE) I % T7 B (C=Ce™, Co
JRAG DU &, R B, CONt R BR B & k N TH i R
WD . FNE R WIN 2.5~5.6 d, iz 14 d
Ji5 T #2608 86.7%~93.3% 5 BR R 45 s 1 2 HH N 1.6~
6.7 d, Jiti 24 14 d J5 T 315 71.4%~91.8% , W Fl A 24
FERE 35 AR I 2 3 AT Y A
23 MERENREKREE

15% Bk 28 2 T « e TR Tt e % 77 771 4 R ZE Bk ARG
A A B R R R (37,5 mg kg DG 2 TR, —
N I AR E R (R DR T RIREZ 5
14 d BBk AR Hb e HR IR i 1) B Bk B R <
0.010~0.033 mg - kg', STMR 4 0.015 mg - kg, Bk 7
56 196 1) f 28 5% B it 9<0.010~0.029 mg - kg, STMR



A 2 s,
1716 ®OW % R #5364
uV (x10, 000)
10. 0r g
<
=
7.5 i
] ©
E E
5 .
A ° = 3
®
0. IR KL g
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 min

uV (x10, 000)
10- O i
7.5
5.0
B
24 EM
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A FRSE SR AR A R AR VA (0.1 pg-mL ) B. Bk FURE bl s C. Bk bR 0 e e R e AR 4G 1 (0.1 mg-kg™)o
A. The solutions of flonicamid and bifenthrin (0.1 pg-mL™"); B. Blank sample of the peach; C. The peach sampls spiked with flonicamid and bifen-
thrin (0.1 mg-kg").
1 FRAERR Bz AR G BRI 0 14
Fig. 1 Chromatogram of standard solution, blank sample and the spiked sample of the peach

*2 AEAMEMKAREEERPRERNTSHIERERH

Table 2 The regression equation and half lives of flonicamid and bifenthrin in peach

KYj TR b A5 — B TR HHIR R HL F 32 25 14 AW RR
Pesticide Location First-order kinetic equation r Half-life/d Dissipation rate at 14 days after spraying/%
FUE L L F* Liaoning C=0.048 3¢*"" -0.8225 2.5 >86.7
Flonicamid W1t Hubei €=0.107 0e™™" -0.966 4 3.7 93.3
i |t Hebei C=0.195 0e™"*" -0.888 5 438 90.0
WHT Zhejiang C=0.203 0e"'*" -0.9219 5.6 91.4
TR 4% 4 i L T Liaoning C=0.034 2¢"*"" -1 1.6 >71.4
Bifenthrin 14t Hubei C=0.091 8¢ -0.962 5 41 91.8
i ]k Hebei C=0.120 0c">" -0.897 9 55 >943
WHT Zhejiang C=0.122 0e™"*" -0.925 1 6.7 89.3

0.012 mg-kg's R Z J5 21 d I BEAE & A, 56
WE H P Ml 1 B 2% 5% B 0N <0.010~0.024 mg - kg,
STMR ¥<0.010 mg - kg, H5¢ 2 3 Jis () ¢ 28 W% B4

=N

=

H<0.010~0.025 mg-kg', STMR "4<0.010 mg-kg"'.

2.4 BERMNEITEME
28 vh E AR 21

B S R A W, E IRE E I A R
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®3 AEAMERMBKAREERPHREKXEE (n=2)

Table 3 The final residues of flonicamid and bifenthrin in peach (n=2)

— »- — =} =1 = =N - kY i=NeS . -
&% RGBS BB EEAk SOAEIRE{E MRL/ (mg kg™
Pesticide Lnterval/ Flna'llzeﬁldues/ STME/,. HR/-k } RIS CAC USA

(mg kg’ (mg-kg?)  (mg-kg)  Recommend  [24]  [25]

T HUE L 14 <0.01(6).0.012.0.012.0.018.0.018.0.019.0.021.  0.015 0.033 0.1 0.6
Flonicamid 0.026.0.030.0.033.0.033

21 <0.01(12).0.013.0.014.0.016.0.024 <0.01 0.024
I 44 1 14 <0.01(8).0.014.0.014.0.020.0.022.0.023.0.025.  0.012 0.029 0.1 0.5
Bifenthrin 0.027.0.029

21 <0.01(12).0.018.0.019.0.022.0.025 <0.01 0.025

B0 T S E A 7R, AR KRE R
A2 A 5 TR 4 T A R B e i T
CAEWA 1200, /N BN R AR AL
HIE A5, GB 2763 M e e H Ik frie A1 B 2 4
fig ] ADI{E 23 54 0.07 mg - kg bw #10.01 mg- kg
bw. HR4ER 4 H RS & HE , 45 A AR E
B B AR5 STMR (3R 3) , DA KRR 245 76 AN R 3 4 v
() MRLAR , V575 2135 38 X J00E R i Fn B R
5 T8 1) 42 TR BN RQe 20 79 4 18.0% 1 45.1% (24 3%

3D, M8 KUK b T 1T 3252 KT, A Bk 1) DTk 2R 4331
790.09%+0.2%. %45 F3 B, Bk Az P oG A 96
Wi o TR AR EDR 24 5 T 10 5 A 2 7 38 N A 3 AN ]
P2 52 (K B BR8P KUK
2.5 BIEFRENRIFKE

rh L H R 0 A ) Bk geUE H T i R G R 5 Ti
) MRLAE , A 06 5% B i35 B 37.5 mg - kg H 4%
75t 24 2 O, HEFE PHI N 14 d, DL HR HE2E 9 F ok
Z54ERE L MRLAE™, & nl #35 4 0.1 mg-kg's

x4 TRV HMERERAEREBEMKRRELRE R RKITH

Table 4 Average daily dietary intake and risk assessments of flonicamid and bifenthrin

EEZELES

FAE HU % Flonicamid (ADI:0.07 mg-kg™ bw)

I 2K %415 Bifenthrin (ADI:0.01 mg-kg" bw)

i

e .

Food category Dictary intake/kg BiLlEY MRL/STMR/ NEDV/ FAAAEY) MRL/STMR/  NEDI/
crops (mg-kg") mg crops (mg-kg") mg

KT 02399 NI 0.5 0.119 95

Rice and products Rice (China)

T A 0.1385 N 0.5 0.069 25

Flour and products Wheat (China)

kS 0.049 5 g 0.2 0.009 90

Tubers Potato (China)

REEEE 0.0915 7 0.5 0.045 75

Dark vegetables Tomato (China)

G 0.183 7 HNEE 1* 0.183 70 HMAE 0.5 0.091 85

Light vegetables Cucumber (China) Cucumber (China)

KR 0.0457 Bk 0.015 0.000 685 5 Hk 0.012 0.000 502 7

Fruits Peach (STMR) Peach (STMR)

T 0.0327 ks 0.5 0.016 35

Plant oil Cotton seed (China)

B E A 0.004 4 e 0.05 0.000 22

Sugar and starch Sugarcane (China)

frih 0.012 ZemH 40 0.48 Femt 5 0.06

Salts Tea leaves (UsA) Tea leaves (China)

Hit g 0.2307

Others'

it 1.028 6 0.794 2 0.284 0

Total

AR e

I 10 RAEMHEAT B0, & IF N — A .

Note: Others': including other cereals, dried beans and products, pickles, nuts, animal products, milk and products, eggs and products, fish and

shrimp, animal oil and soy sauce, in which neither pesticide were registered.

FEFABA S T F I b SR IR IR B B S R L R R L BRSBTS 10 R, TR 25 R AE
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DA T 50 g6 E I fie IR 2 3 T TMDLCA K 2) 43
54 0.798 1.0.288 0 mg, CPLc 43 %l 4 5.53.2.19,
WA 5% [ MRL E ™, o 59 B & 25 TMDI 75 7] 4
0.821 0.0.306 3 mg, CPLc 4 7|~ 5.37.2.06. H X
AU MRL HE #7487 T 56 [ bR #E , (H 9 2 25 15 1
CPLc B3, ik 2| 18 KR4 Ko

3%

AW T @S T QUEChES-GC-ECD [A] i 48 il Bk
HHSRE ER R R I R S T 1) 5V S B 42 M QUECHES
iR R BRI B 2 B 3 8 L S T
o VA T e, S R R R I HT AR B AR, B GC
HEAREAT) B8 5 G b 2 R €2 B A RR I 25 1 AR E 1 L 1R
BIFF A BRI AR % .

PRI AR ZGTERE B TR B AT B AR 25 B BV
TR A AR T SR i A A e 5 S ) R 3R 40, A TR
PR SE S RIS G 2 7. T X IR T
AWM, 78 fh FhIX — R & b, 20 B iZ X pk i R
K P35 R A b o 1) 2~4 3%, 7 SR SRS KA X A 24
FEAE TR M S ORI R . Sk
B TUNE TR R I 2R 28 R CE Bk B RV R & — 21
B 15T R S T AR E (43 ) 0 2.5~5.6 4. 1.6~6.7 d)
Bt , BT 5 AR 25 . X5 CkaE r o Uk
Jii 45 4 0 SEWRI SR AR 2 4 IR 1.5~
4.6 d.2.9~3.2 d), LA S B OR 54 i 75 7 A 4 RS Y
W (2.6~6.9 A AL T - Hh 1) i 28 5k B ot B
SR 1) B A P 2 K 2 PR 35

CAC [ xf bk b HnE sk i MRL {H (1) 81 € &
A3, 505129 0.7.0.6 mg- kg 35 E HH 5E B4 59 g
FIMRL{E 4 0.5 mg-kg'. 4% M@HEFE PHIH 25, Bk
S BT A% TGO 46 iR () HR K T CAC. £ [H )
MRL . PLAAIRE#EFE MRL {H (0.1 mg- kg ) K 2
P 3 B AR v, (R o [ S 5 VY o o 08 M A XU
ORI K3 — B, 43 TiX 5 4 R A XU PF A
KR () JRUE BT R ZR A %

4 &

K ekt i) 2.1 2.1 QUEChES-GC-ECD J77%,
A AT AR | R AR S AL TR Y A I 24 4 i ) [ B
Rl o 4% HEAHEFE PHI 24, 5i0E H It i R B0 2K 26 i
(K IR B NS XU b F T 2 527K o ik HiE 55
FEl MRL B 7] X 7 ] VA 2 25 1 ek i £ XU e 3] ¢

If B PR KT, DA Bl 36 HE 77 MRL {ECRE 2 50 ™
e
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