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3.446 mg/kg, THMAFEIEAHH 0.88 ~2.30d. 4.36~5.02 do IJa—IKitiZh 3 d J5 4k b 2 I B G e 5% 61
TP TR R i R B PR R (R 452 AT T 3 S A BT 4 T 2% T I A XU i e K (B (R T 1, JRURG R
LT 100%. G5 THMERT ] PRI IR 28 Rt 24 e J3 2 o G 1y 5 BR A W 255 ) (P<<0..05), - T 5 i o] 44
BRI A 5 PR 1) S DN BN Y AR I . R AR TR B R (45~60 g a.i/hm?), 20%P 4k B 2 - sl il 76 75 32 _E 11
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Residue behavior and dietary intake risk assessment of abamectin and
chlorfenapyr in pakchoi (Brassica chinensisL.)
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ABSTRACT: Objective To study the residual characteristics of avermectin and chlorfenapyr on pakchoi, and
evaluate their dietary intake risk assessment. Methods Abamectin and chlorfenapyr residue tests were carried out
on pakchoi in Songjiang district of Shanghai under different growing seasons in winter and summer and under
different planting conditions in open field and greenhouses. The residual amount of abamectin and chlorfenapyr in
pakchoi was detected by tandem mass spectrometry and the dietary intake risk was evaluated. Results Field
experiments showed that the dissipation dynamics of abamectin and chlorfenapyr in pakchoi exhibited a first- order
kinetic decline, and their initial residues were 0.315-0.418 mg/kg and 1.422-3.446 mg/kg, while half~lives were
0.88-2.30 d and 4.36-6.60 d, respectively. The final residues of abamectin and chlorfenapyr after the last application

for 3 d were lower than the corresponding maximum residue limits. The risk assessment showed that maximal hazard
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quotient (HQ) of abamectin and chlorfenapyr for different groups consuming pakchoi was far below 1, and highest

risk probability (RP) was below 100%. Conclusion

Digestion time, environmental factors and application

concentration all have significant effects on chlorfenapyr residue (P<0.05), while the main factor affecting abamectin

digestion residue is digestion time. At the recommended concentration (45-60 g a.i/hm?), the safe interval of 20%

abamectin and chlorfenapyr on green vegetables is 5 days.
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1 51 &

B 44 B K (abamectin) f& — Fh KR P Bs S 210 5 47,
Wik g| S E XTSI A AR E S TR
(glutamate-gated chloride channels, GluCls) L K sk y-&
H TR Z 4K (y-aminobutyric acid receptor, GABAR)5 | f#
ZEEMBOLE T, BAT 1S SAUN A BUORIREE, 1985
ARRIR T A RGBTz BN, 5
{30 L X T T B 2 A T R i A
(chlorfenapyr) & —F 35 FERAC ML A4k &4, @ /E R+
B R 1 Z2 T il S Ak i o TP TP R /1% 326 LA S
R Ak re it b, 2@l B8 &k . NIRVER ARSE
T, XN R A BARROR R AT, HRRRUOH
KW W S A W S P, 209 i 24t - s g it B 7L
FEAEH i EBIC B AR IR,

s LT 7B, 2020 45 1 A LIRS H AR
T AE S 7 0 AT (HEA 55— RIS R 75 36 1 2%
W, HATHEBICA H TH 3% BRIk iia e 2 &
B R A T R O PR ER L I A s S U A
3 P, BTl B 2R R A I A2 2 W A T SR AR B
Ko fd FAVEN $ 3B £ /0 . WESY R BRI RS . RME. R
A I A 0 A 2 76 8% 2% 1 )k B o BT A o T A Y
M 90T VA e DX K K R 4 75 S A R, ELDUZE Ry AT
. HWIRARTAE R 2R . RIS RS S L AR R R, A
WL T 2018~2019 4EAE I HIFATLIXHEAT 20%680 2 - Huih
B AFNEL TS E AR T RS A R
TP T HF LR R, JEXH RS 8 A RS 17 7F
i, il e B 4 - Bl 52 L 2 AR 7 3 b o2 4 i T
D EE LR} 22K R -

2 MRERE

2.1 EFESIH

Triple Quad™ 5500 V& AH (3% - 83 B¢ 503 A (Waters
UPLC+AB 5500)(3E E Waters & AB Sciex A #l);
TSQ8000 “TAH (4 3if- R B X . Sorval ST 16R 4 id &
L3 E Thermo Fisher 23 F); 998B 438 F# 0 BE R} B AL
(BX i 27 H s A A (B v ) S5k A PR #] o

20% o 2 - i i Sk L) (b DI A AT RS W)
By 24 4 25 (1000 mg/kg) . AU NG (1000 mg/kg )b i i (4 lk
PRATFRIA S LR AR I ), R 2 (B, i
GRENF), PR HL, EEZHERAF); LB
£, SinCHERS &I AHH 2% BUR: (- Vi i B3 75 50 A FR 2N 71);
Waters 120-Cyg 4% 41:(100 mmx2.1 mm, 1.7 pm, 3%
Waters A ).

2.2 REGRBHERRE

FRMF: BE,

S M VAT OB IR

SR 20% BT 2 - o i i kLR O AR 4 A BT
HeTH 2%, WG 18%).

R —A 73, F 2018 4 11~12 A (&ZZFKM)
Je 2019 4 7~8 JT (32 Z2 R M A b ) 5 =5 it ) A 245 50,
A [ it 24 9 B it 24 1 B8 B[R] — SR WA 1] I 30 4 0 R
PEAT R BG . 2 B 24 % B 5 560 vfie 0] 2B o i 6 /)
K@ KREL, 142U, FE45 525 /N X PR HLR 4R IE
WK, BREN/NERE 1 kg DL EATEHFEA,
KRG SIS, I B T -20 °CUKA H I AF RN o VA
F A HAT RIS M, EREFREEZW . &%
fRIER/D T, 2018 4F 11~12 A HS A 0~23 °C, 2019 4
7~8 H HR N 20~37 °C,
22.1 REMMHSKE

2570 112.5¢g a.i/ hm* (I i HERE SR AY 1.5 45) B9 71
A 1R, #iZhfs 02 hy. 1. 2. 3, 4. 5. 7. 10,
14,21, 30 d FELCRAEE AN, e & 324 =
g i A B
222 BRAKGRE

RN LMIEHIHE 75 g ad/ hm?(d5 g 47 70 4 ) Al g )
112.5 g a.i/ hm® 2 ANt 25k B, 40l 2 K. 3 1K, Jitizh
BRI 7 do A F o e — K2 3. 5. 7 d 5 REET A
ai, DU TSR BT AE R 3R L U A B
2.3 RAKBRBENGE
23.1 HmEraE

(DA FREL(10+0.05) g 2134 5 I BE b B 50 mL &
L, 20 °CCHKAR T 20~30 min, JILA 10 mL ZJi,
FRPHEH 30 s JFIARBER L, FRIGEZHIRS
25 1 min J5 FEIE T 4000 r/min B.[>» 5 min,
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(2) #fk: % SinCHERS [EAHABCHAH A B0,
ZEM T Rl 208 A L2 A ML BOR 2 2o BEK IR A -8
it ARG L IS HE A BRI N, BURE L S I L
AHARYE L PRAE OIS M B, IRIEIR SR 0.22 um M,
53 ) 2 N T RE /N TP 3 AT WA €8 3 B B BT 9 12 (liquid
chromatography tandem mass spectrometry, LC-MS/MS) %
SR B 1% B8 B ST % 5 (gas  chromatography tandem mass
spectrometry, GC-MS/MS)43#t .
23.2 LC-MS/MS 41+

(1) i 54 Waters 120-C g {435 45:(100 mmx>2.1 mm,
1.7 pm); FEER 40 °C; HEREREA 3 uL; BREEVEAC IR
® 1R,

*®1 BERRER

Table 1 Procedure of gradient elution

.
Eﬂ[ﬂ 734 /(mL/min) A
/min VEEY% vV 0.1%F K%
0.0 0.35 30 70

1.0 0.35 30 70

2.5 0.35 90 10

3.0 0.35 30 70

4.0 0.35 30 70

(2) JEIE A HBEE FHESD;, EE R, B
AR 5500 V; AR TN 38 psi; BEES MRS
BSIREE A 500 °C; ¥R N 50 L/min; Kl r=h £
B S0 Wi (multi reaction monitor, MRM), B2 5 25 19 2
WE P 895.6/751.6(m/2), EMEETXT 895.6/449(m/z),
MR REE T 55 eV I 63 eV,

233 GC-MS/MS %4

(1) EFESE: @ik HP-5MS 4130 mx250 pmx

0.25 pum); HEFETREE 250 °C; #A He, #i# 1.2 mL/min;

FHERT: HIREEE 60 °C, L 40 °C/min F+F 225 °C, 4k%E
L 10 °C/min F+ % 280 °C, F£%F 2 min; #F#E=E 1.0 uL.

(2) B4tk 3% % i (electron impact ion
source, EI), HE B HLE 50 eV, B FIRIRIE 300 °C, fEHiZkiR
FE 300 °C, lf 48 T O m T, SR i I AR K (select
reaction monitoring, SRM). HUI/IE & 18 1%~ 136.9/102
(m/z), EBE TN 246.9/227 (m/z), WIEREEI N 15V,
24 BEEFZITH

Wil e 25 H 35 5 HA H 218 A & (acceptable
daily intake, ADI)HIZ %27 7| & (acute reference dose,
ARTD) 1 HFORT A 18 1 F5 A JRURS: A M 5 A KU 3447
AL, A (D)~@) i,

EED = CxFI )
RO=EED/ADI 2)
RP%=EED/ARfD 3)

A (D EED AR FARZGR B H AL THEE a5, mg/(kg
bw-d); C Ay Hh AT ) 75 35 Hh BT 24 T 2% s e i i ke P
mg/kg, THENE P XU I 5% B PR (8, 03 2 XU I
AR B B R AR FI O AR H BB, ke/d, RIET
X R R BE, RN XU P PS4 2 A
TR SR RUR I Pog s 1 94 (3R 2); B s RF-1y
i, kg,

K@) RO AR, FLATEANA I 12 1 5 AR .
RO<1 B, F/REA WL, 24 RO>1 B, FIAH KL, HEL
RO, XUt R

X@H RP REAEA, FHEATEH 2t AR
RP%<100 ff, U A[#%52; RP%>100 i, KA AT #5Z
2.5 Bl

TSt IBM SPSS Statistics 19 %438 i — 2%
LS NI R g A £ H 2 4 B (general linear
model-Univariate, GLM- Univariate)#F47 & Z V4041, 04T
Jr i A £ H U Bl K23 (Duncan’s multiple range tests),
BEMIKFH P<0.05.

R2 TRABNAKENTEENE
Table 2 Body weight of the subpopulation and dietary intake of pakckoi

/NESE H B R (kg/d)*

NHEZ PERE AR ERA PN 26 S A kg
¥ Py’ Poy7 5 K ME
A A 832 491 39.8 0.119 0.078 0.129 1.116
BAEN 1834 1336 63.9 0.096 0.0.070 0.101 1.062

UG 2 ARE; " Pso 2 50 EAMALEL, BIEARRHE I I/ NBUTFHES, & T 28048 AN B0 S0%0L B 1 EUE, Pors [FHL.
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3 HZRED

FEMGMTEE . ERE, BEE. KERE
EER

o BT A A 2L U I A oV VR 2 1 3 AR BB
BRI 5 AR BRI RPNFRUEVS I o LAARE TR vk
JEE SR B AR BR (X)), AH . 06 TR AR T AR AR AR ()22 1l AR
Rk .

e 3Eas FAE R, WSN0.01, 0.1, 1.0 mg/kg 3 T
JEE KT 19 BT 24 1 2K - A IS AR VA VR, HEAT S (R iR S
I, BINMREES 5 R, BEINMEEE. D3
M L (S/N=3) 3587 BL 6 H B (limit of detection, LOD),
Tl A2 S0 T i 3 91 B K A X A o e 22 (relative  standard
deviation, RSD) [ I {1k % Il ¥k & o & &t B (limit of

quantitation, LOQ)!". 7£ 0.01~1.0 mg/kg {¥8 Nk i 7 Fl
W, BT YR T . BRI RS 3R A [l i Ry
83.1%~116%, RSD 5 0.9%~6.9%, Al EAGdsK . 45
W2 3,

3.2 P4 RS B R LM AR BIEERS

) 20% B 24 - Ui B LA 1.5 5 iR et (1125 g

ai/ hm)EHH EWESE 1K, ARFEIRE R 4R R | i
W e 3 LA & — B T2 58 C=Co (I
% 4), TR RSB R G TR 1) BT R £ A R
RUUER R (Z5)5 2 h 5% &) F39MEN 0.315~0.418 mg/ke, I
TN 0.88~2.30 d, 5 d DURTHMERIRE T 90%, Hul
R IA TR B R 1.422~3.446 mg/ke, T fEF 1
h4.36~5.02 d, HEIR EAEERR RS TEZE ., RINERRE &S
FREHh, THAFHRTC 25, R = M.

R3 FENKMER. ERARE SMEXRY. FmMERE. BHREEER0N=5)

Table 3 Linear ranges, regression equations, correlation coefficients, recovery, LODs and LOQs (n=5)

[T /%

&M FR Lk E/(mg/L) 811 )5 7 I EE R B g R
0.0l mg/kg  0.10mgkg 1.0 mgkg /(mgke) /(mg/ke)
BTk R R 0.00~0.10 Y=6083X+4402 0.9969 96.4+6.9 83.1£2.4 84.8+4.9  0.0001 0.01
L 0.00~1.00 Y=1.073e4X+7.110e5 0.9930 116+4.7 97.1£0.9 106+£3.2  0.0027 0.01
4 -
06 L a b
< ——HE KM 207 e
E 04 } —— T b=t —— I ZFEH
1 &
8 03 K 2
= =
e g
" 0.2 = 1
&
= 01
0.0 0 "
0 5 10 15 20 25 30
Kd K¥ud
1 AR R AR T B 20 T 28 (a) LR 5 1 (o) 76 77 35 Hh BBk 8 R i sl S it 2 (n=3)
Fig.1 Residue dynamics of abamectin (a) and chlorfenapyr (b) in pakchoi under different planting environments(n=3)

®4 MEEEMRBBETRTZRBEBRNTRIEFEREXSH

Table 4 Regression equation and relevant parameters of degradation dynamics of abamectin and chlorfenapyr in pakchoi

2 R4 TH A sh 7S e NPy oe W T0/d

K4 C=0.2115¢ 3% 0.8900 1.28

P4 B R K/ C=0.2196¢ 3" 0.8539 2.30
T/ E C=0.2143¢"7%% 0.9201 0.88

& =3. e . .

PN TS C=3.035¢"13% 0.9644 5.02

I KM/ C=2.112¢7"14" 0.9641 4.95
T/ C=0.9786¢ 1> 0.9511 436

*FAY Ct Ay B2 B 2R Kt I B P ) AR A A Bk B A, ¢ DA ZN S R, kT AR AUCR L, TR R Tp=In2/k
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33 % B ESRPRAKES

20%Br 4 - s i i A2 FL A AR RN (7S g ad/ hm?) RIS
FIRE(112.5 g a.d/ hm?)iti FH S 7675 258 A28 5% B 45 1
# 5 FiR. GB2763-2019 HUERTAEEE | MEEES % L
A4 B KR B4 PR 12 (B (maximum residue limit, MRL)43-51 A R
0.05. 10 mg/kg!"™. FeJi—Kitizy 3 d J5 & R 2 1F T B4
W REIEHE LI RIIET 0.05 mg/ke, HUEE5E Ry
T 10 mg/kg, TP . IR EASRATRE &
BESTHEZ, K5 5MICE %25 (P>0.05), RUIE4
Bk A T 2R K 3 S T 8 Hh(P<0.05), AR

5% B S IR Ks AR B, A B o G 2 I R R A AT O,
55 25 RO B E AR A
3.4 BERBAXKITG

1 BT A TR 2K % el T A 2 Bk B R R B L R G
REESHANALRK)~3), 2RI 2 RARFET R
B A T 2R % g I P AR, PRAR S5 SR IR 6 PR . i
LA 45 R 7R 7 35 P B 4 7 R S U M A B X 2 RN
FERY B R /N T 1 KB BER IR T 100%, A AAR
TR DRI, R 0T 1 T AR T, 0 A S P B A IR 3 T

x5 MEEZENHBHBEEERTHREZREEN=3)

Table 5 Final residue of abamectin and chlorfenapyr in pakchoi(n=3)

Fa 24 & 25 5% 7 it /(mg/kg)

Uil 5k B 2R /(mg/kg)

= 7 v
(g 2.1/ by e KT ORI BREF)  ORMIEE) O GRS
3 0.022+£0.001  0.008+0.001  0.008+0.003  3.500+0.037  0.874+0.159  0.543+0.103
2 5 0.016£0.005  0.007+0.002  0.007+£0.001  2.454+0.202  0.696+0.267  0.510+0.089
7 0.006+£0.001  0.006+0.001  0.006+0.000  2.100+0.272  0.456+0.074  0.237+0.042
75
3 0.038+£0.013  0.007+0.001  0.008+£0.000  3.604+1.040  0.760+0.112  0.424+0.057
3 5 0.014+0.005  0.007+0.002  0.006+0.001  2.370+0.238  0.639+0.133  0.362+0.039
7 0.009+£0.003  0.006+0.001  0.006£0.001  1.694+0.386  0.488+0.052  0.216+0.080
3 0.0474£0.016  0.010+0.001  0.012+0.002  4.295+1.842  1.185+0.343  0.815+0.398
2 5 0.0374£0.015  0.010+0.001  0.010£0.004  3.140+1.245  0.904+0.057  0.509+0.080
7 0.010£0.002  0.009+0.001  0.007+£0.001  2.307+1.125  0.666+0.324  0.324+0.152
112.5
3 0.044+0.006  0.017+0.005  0.016+£0.007  3.569+0.967  1.401+0.435  0.938+0.308
3 5 0.035£0.008  0.010£0.001  0.010£0.001  3.566+0.721  0.943+0.085  0.472+0.086
7 0.013+£0.002  0.01140.001  0.009+£0.000  2.246+0.491  0.851+0.105  0.487+0.121
< 6 B A HAE FA B 2 1 3= A0 A A B 0 BE R X B e AN XU R A 2R
Table 6 Dietary exposure and hazard quotient of abamectin and chlorfenapyr in pakchoi
SRR IR EZR /%
) N =3
3d 5d 7d 3d 5d 7d
R 0.036 0.030 0.022 4.88 4.39 1.59
o] 24 T 2
AN 0.018 0.015 0.011 2.45 2.20 0.80
R 0.146 0.113 0.114 60.8 45.4 35.8
i
BUAEN 0.073 0.057 0.057 30.6 22.8 18.0

*BILAEE R ADI 9 0.001 mg/(kg bw-d), AR/D >y 0.003 mg/(kg bw-d); HUEIF ADI >y 0.03 mg/(kg bw-d), ARD 3y 0.03 mg/(kg bw-d)"’,
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[R5 B AL BG 45 R B s RRIFMEIREE T, PIZER R
T I 165 3 LI B AT & — s ¥ R, AR ER
T BERT ] B IR AR, A2 3 b UG R AR DT AR
R KRR TEZE . Killm T, £FEREFER
BT o I TE B 25 5, MmO, &R
BTk o K R 2R A s TR, KRR IC B 5 2 5
GLM Z R ZE I 2253 (P<0.05)45 5 B /R W iRt a] . B
R (AR R 29T BB R ) K i 24 e 132 4% oF HRu g g )
PR R, TR o T 24 T 2 T ik R 1 R R R T
ifp AR ] o R AK VA PR RAIG, AE HER T A, X
P ) — Bl Py 2 KR flas |l Rig R
AR TAZE, SRS TR, #E S TR
5 1 PRI RA U 5 ICH AR B 2 DA R 8 . 1) S DO RR A )
SR, TR BT AR RS FEAS [l A R 45 0T T A
SR 22 SRR /N o B2 T 2 D0 e A L e 4
B, AN R Rt 2 e BT AR AR X /N o (HLIRR AR
BAE S ATAL B FeE iR 22, RGO A A — B W 2% .

5 — W24 3 d J5 PT4E 3 X OGS 3 kB
S E T AR R B E, EPT4ER 2 3 d 5 sk arikin
MRL 0.05 mg/kg(0.044 mg/kg) . HU G 3 d J7 fie e JRURG HE =5
HEL 50%(60.8%), £56 7% 18, [ 20% P 4 - i iF =
FLA BTG 22 E e ik, AZiRER 45~60 g a.i/hm’,
PG 7 d iy, el 3 Kk, Al s d.
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