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Residues of neonicotinoids insecticides in different parts of apple fruits
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Abstract: To investigate the transformation of neonicotinoids insecticides (thiamethoxam, nitenpyram,
imidacloprid, acetamiprid, clothianidin, dinotefuran) in different parts of apple fruits, the selected 10
years old apple trees were sprayed with 6 neonicotinoids insecticides on leaves during the period of the
aphid outbreak (July 10™) and the maturation stage before harvest 1 d (September 25™), respectively.
The residues and characteristics of 6 neonicotinoids insecticides distribution in different tissues of
bagged apple, non-bagged apple and fruits in storage were analyzed by HPLC and external standard
method. The results showed that contents of the 6 neonicotinoids insecticides in different tissues of the

fruits tended to increase first and the decrease gradually in 72 h after the spraying under the fruit bagged
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condition. The residues in apple peel were all lower than 0.08 mg/kg, while the residues in pulp and
carpopodium were significantly higher than that in the peel. The residues of nitenpyram and
imidacloprid in peel were lower than the quantity limit. The results indicated that the neonicotinoids
insecticides in bagged fruits derived from the transportation in the branches and leaves, and it went into
the fruits via the carpopodium and tended to accumulate in the pulp. 72 h after the spraying, the
neonicotinoids insecticide contents in the pulp of then on-bagged fruits was 7.75, 3.52, 3.36, 6.57, 2.92
and 3.06 times higher than those of the bagged fruits, respectively. The fruits bagging could lower down
the neonicotinoids insecticide residues in the fruits significantly. After spraying on the fruits at the
maturation stage before harvest, the residues were mainly in apple peel. 14 d and 21d after spraying,
there was no residue detected in apple pulp. The neonicotinoids insecticide residues mainly remained in

the peel, which did not tend to diffuse to the pulp during storage.
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JAWE HUI% (nitenpyram) WE HUZE (thiamethoxam).
g HUPK (acetamiprid)s FKHUZ (dinotefuran) « It HUlpk
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FIHEFE R R 2 A2, W (8 R o)
10% e B AS 1320 mg/L, 25% WEHIEE WG
1760 mg/L, 5% g Hifjk EC 1760 mg/L, 20% Wk
fZ WP 266 mg/L, 10% it Sk WP 1 334 mg/L,
20% & Kl SC 400 mg/L.
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1.3 #mErtE R SR E i &

13.1 FREAE SR 10 g SRR (4
R RA. BREEERWR) T 50 mL B0+, A
10mL &/, 3g&AHN, AlE 2min, T 15000 vmin.
4 °C FEL 15 min; B 1 mL _iEWHE 10 mL &
OEH, A 10 mg A1 ELFKE (GCB), WniE
2 min, T 5000 r/min 2. 10 min; B iSRG
0.22um FAFLIEME, FFr.

132 BB EIEMINAH  SPD-20A B
WAL, Agilet TC-18 it 4t (250 mm x 4.6 mm,
5um), il 26 °C, BEEEBEML, JE 1.0 mL/min,
HEREE 20 pL. JENAH A AH R SR, B AH NIRR
340 0.3% WK, F A 260 nm. #HE
Ve : 0~1min, 5% A; > 1~15min, 5%~40%
A; >15~20 min, 40%~50% A; >20~23 min, 50%-~
5% A; >23~25min, 5%~5% A. {EMEMET, 6 Ff
DR B I TR) 2300 9. R UK 12.754 min, J&
WE HU% 13.381 min, MEHEE 15.067 min, MBEHi%
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1 000 mg/L FIREFRHEE, FRHMEEN 0.01,
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Table 1 The linear regression equation and correlation coefficient of neonicotinoids

% HUF Insecticide 2& Y Linear range/(mg/L) [5] )75 7% Regression equation FHRREL -
J7NE HL% nitenpyram 0.01~2.4 y=16219x + 994.18 0.999 6
1 4B thiamethoxam 0.01~2.4 »y=38172x +2858.6 0.998 7
g d1 JPk acetamiprid 0.01~2.4 ¥ =34324x +292.11 0.999 5
5k HUl% dinotefuran 0.01~2.4 y=33978x + 568.25 0.996 0
ik H4 bk imidacloprid 0.01~2.4 y=37254x +254.21 0.999 7
I HUJ% clothianidin 0.01~2.4 ¥ =44006x + 1645.7 0.999 7
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Table 2 The recoveries and relative standard deviations of 6 neonicotinoids in different parts of apple fruits
S AT 4= Whole apple FA Pulp R Peel M Carpopodium
S Spiked level/ 2 . o %
Insecticide E R [E R Bl Bl
(mg/kg) Recovery/% RSD/% recovery/% RSD/% recovery% RSD/% recovery/% RSD/%
J7E HUIE nitenpyram 0.05 77 54 82 6.6 88 7.8 98 6.5
0.5 100 9.8 89 8.6 98 7.4 85 8.6
1.0 80 6.5 76 5.6 76 8.6 85 9.2
1% B 1% thiamethoxam 0.05 108 7.2 98 8.2 102 9.4 88 6.8
0.5 88 10 82 6.7 80 8.6 83 7.9
1.0 102 7.8 99 7.5 98 5.6 88 9.4
W HUPk acetamiprid 0.05 106 7.2 88 5.5 88 6.9 88 8.6
0.5 109 8.9 108 8.5 89 8.8 92 8.5
1.0 108 7.8 109 9.5 102 7.6 99 5.6
15 Hfi% dinotefuran 0.05 98 10 84 5.2 88 6.7 98 5.3
0.5 99 8.8 100 11 108 8.9 99 10
1.0 79 7.6 81 8.9 86 5.8 85 9.6
itk Sk imidacloprid 0.05 89 6.4 99 5.5 99 4.5 88 9.4
0.5 98 11 97 8.8 87 7.2 87 6.8
1.0 98 9.8 90 5.9 90 4.8 89 6.5
W % clothianidin 0.05 98 8.5 78 8.8 102 5.7 100 5.4
0.5 82 9.7 80 9.8 98 8.7 89 9.8
1.0 98 8.9 92 8.9 98 6.8 103 9.7

fil 4 FREGH): 2G5 12 h, & 24 7004 SR i
B R IR B e, RIS R 2R R A it A N )
AT, BB R RS K 2457 2k B A
iz, %2R R A SR e T AR B
SRA SR B TT T R SUMRAE R R SEAN R AR AL 1B R
SURRW], HEZ5)5E 12 h FAOME AR T R
P AR 24516 5% B L (¥ B B 52 AR 25 Rp PR BRI o it
ZjJa 24 h, SEFARATIR B o AR 24 5 B R T B
%, TR PR 255 B Bk E T JitiZh)a 72 h,
FHAFIER P BKT 0.08 mg/kg, Hr
Kl RS AT B B B A T FERR (0.05 mg/kg).
T2 SR TSR P A ) 3 B B v T R B R
MR EE KT UL B RS % HRR S SR

2 LSRR N R S, B RS
AL T BB R R BRRIE TR s, A&
FARHEN RSG5 5 I RN &R
24 EHRXERRAPIERZER BTG
SR (R4 RY: BSAFERERFLERN
HSEER SR TESAEN. fZE 72h, K
EASE R e g, ME R mE R, R
Hu i bk R BR ORI PR ) R A i R B R R R
W& B 7.75. 3.52. 3.36. 6.57. 2.92 Al
3.06 5, RUPERBRGREA TARERELME
Pedefuh, MMM TRZEEENR R, itz
Ja24h M, 72 h EERERP AT G ER
fiX, MAREBLERT S EHHFA .
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Table 3 Residue of neonicotinoids in different tissues of bagged apple

Fe R Peel/(mg/ke) S Pulp/(mg/kg) A Carpopodium/(mg/kg)
Insecticide 2h 12h 24h 72h 2h 12h  24h  72h 2h 12h 24h 72h

470 HUI% nitenpyram <LOQ 0.86b 042b <LOQ <LOQ 034c 1.05d 1.06b 324a 753a 322¢ 1.05¢
1€ %% thiamethoxam <LOQ 1.02a 023c 008a <LOQ 296a 356a 205a 343a 7.02b 462b 4.05a
W bk acetamiprid <LOQ 045c¢ 025c 006a <LOQ 2.88a 32la 2.12a 265b 7.02b 5.65a 2.05b
Wk B % dinotefuran <LOQ 046c¢ 0.19¢c 0.08a <LOQ 1.72b 234c 1.08b 1.86¢ 534c 224c 096¢c
M stk imidacloprid <LOQ 0.88b 054a <LOQ <LOQ 1.89b 3.03b 2.08a 258b 6.68b 3.89a 2.08b
WE 1% clothianidin <LOQ 043c  026c 005a <LOQ 1.68b 234c 198a 2.13b 432d 3.12b 1.05¢

E: RPFESEIR ARG TRFRTE 0.05 KT EER R,

Note: The different letters following the value in the same column indicate significant difference at the 0.05 level.
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Table 4 The effect of bagging on the residues of neonicotinoids in the apple pulp
5% ¥ & Amount of residue in pulp/(mg/kg)
o B
Insecticide B 24h KB4 240 B 720 REET2h
Bagging for 24 h Non-bagging for 24 h Bagging for 72 h Non-bagging for 72 h
J0E JUF% nitenpyram 1.05 5.25° 1.06 8.22"
M5 i thiamethoxam 3.56 531 2.05 721
g tUbK acetamiprid 3.21 5.42° 2.12 7.12°
Wk dUke dinotefuran 234 522" 1.08 7.10°
it stk imidacloprid 3.03 5.18 2.08 6.08"
I HUi% clothianidin 2.34 5.19° 1.98 6.09"

W CRABREGAENN R ERFEE (P<0.05).

Note: “indicates significant difference between bagging and non-bagging with #-test(P < 0.05).

2.5 FRIEERSE R B SRR R R IR BB
hHIREE

TRACRT 1d Jt2h, SRS B ek Ta] FRE 4G
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HUBE L E USRI H i A, B2 )E 14 d AT
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Table 5 The residues of neonicotinoids in apple fruits during storage

A R Peel/(mg/ke) R Pulp/(mg/kg) S Carpopodium/(mg/kg)
Insecticide 7d 14d 21d 7d 14d 21d 7d 14d 21d
JinE B nitenpyram 6.89 4.33 2.23 1.16 <LOQ <LOQ 1.67 1.53 <LOQ
I HEE thiamethoxam 5.33 3.01 2.65 0.35 <LOQ <LOQ 1.05 <LOQ <LOQ
g HUbk acetamiprid 7.52 4.12 2.54 0.21 <LOQ <LOQ 1.06 <LOQ <LOQ
R H % dinotefuran 6.34 498 243 0.16 <LOQ <LOQ 1.86 0.62 <LOQ
ikt Sk imidacloprid 15.54 7.70 4.81 <LOQ <LOQ <LOQ 2.42 1.33 <LOQ
19 F1% clothianidin 13.45 9.56 3.45 <LOQ <LOQ <LOQ 121 0.89 <LOQ

3 Wig

RAGE R L IR AFAE 2 P70 — 2
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AR S 5 iR e A Al E PN S
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VA 8 24500 B R I B e B, 72 h % 2R AR B
BAPREG RESRTRA LHL57) 3 2Ok
TR I AR B 2GR, RN 72 h JE Rk
BERT 24 h 1. WPLEIREER FERIZK7
PR P 58 PR i R i

W22 PR TR WY, 257N A S —
AN B EEECE R R RS, R TR A
AL 24 259 n] DLAE 25 PR ) s [ e 420 1) A [ 78
PR A FIREE (4% T FRAE SN KT EE5E
WRAEZUR TSR W FU A SRR, B R A i 2
VI F ZAAE T BB AR A, HAE 245 72 h
WELS TSR, SR S v B BE 1 K B
I R HERS LS B0 ETHE TR AR, HED R
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FRY, MR, EEERELT, HGHEE
FAETSER RN, BEE I RIHERS FE 25 )5 72 h,
ZFERW . RATHEZ, e R B Pk i b
SIS, 53 T R AT R AR Lk T A
FETRERBNIR B P /A —B HR P T
A2 EARBHE 1 2570 5 R iafh, R
7 BRI B R R A FREARA . AT
WA 2550 (R A R PR R e T HAR B AL AT
FULE RIB R, ik I3 R T 0 2450 £ B AE T
REH, RRETREBERAE, 27N R
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