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R FRF S, LB, F R, MAZ, & A, AmE | s
(1. #EaAE R BLE B BT bR e S50 0 H AR 58 B AR 3 4 A s h i 0 A S i =8, A8 350001; 2. FRAE R
P RE A B A P A I S B AR A VR A A W W S A TR A S 2 AR AR SN AVE A A Rk L S B 3
M 350013; 3. [ S5 VEYIAT A5 1 1R R o S8 B /AR R AR R 2R N AR S FSE AT, R 350002)

 E: BEY PS4 6 R R HUR] S%0E HUKTLI . 15% ki R OK LA L 20% 75 F AR AT 23 L
TR L 30060 BB AR VR ) . 22%RUNE HUKEIE R I 60 o/l 2B 2 AR BT HAAE T A RN 3 i
TR BRSNS, DA HBEEANK . ASE T 2018 48 4~10 A 7EARIMN R IS5 it 2y ik 47 1 6
P07 _B s sk B s, I s RO AH - 5B R T % 2 (ultra. performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)A:i 6 Fh 2 R 7E i 5 i sk B &, IXT 6 A2 350 ml gy A i i S F A RUBS:
AT . SR 6 PR BFIFE FEE B A9 ICRTE 90.8%~99.6%, AHXI AR UESN 72 (relative standard deviation,
RSD)TE 1.1%~3.7%; BEHPK . mAWE | RLAUR MR . whd b . e Bl . CHEZ R RTE LT Pk
W A 3.6, 6.2, 3.6, 4.6, 1.7 M12.9 do FIZJ5E 1~14 d, BEHUBK . mERER | JRSURIBEI AN 262
AN R AL LI 5k B R A0 AR T R e o g AR S HR Y L TR P G R e ke B 0 A
0.5136 mg/kg F1 1.4488 mg/kg; 6 FVFILE FifE 5 rh 5k B 0 KU B {E (risk quotient, RQ)¥I<1. &5 6 FhFILE
i P R 2R B PR T IR AR R bl P AR 2 R Rk B R ) B 8 AR B S (M 32 ) b i v 7k P BIR A
(maximum residue limits, MRLSs), 6 F{ 24 51| (1) i £ 2% 88 KU 521G, A% B A TFie 22K F
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ABSTRACT: Objective To evaluate the residue and degradation dynamics of 6 commonly used insecticides in
cruciferous vegetables, including 5% acetamiprid EC, 15% pyridaben EW, 20% cyantraniliprole OD, 30%
tolfenpyrad SC, 22% sulfoxaflor SC and 60 g/L spinetoram SC on Brassica chinensis, and evaluate their dietary
intake risk assessment. Methods Six pesticide residue tests was carried out and the degradation dynamics on April
to October, 2018, and final residues of 6 pesticides in Brassica chinensis were detected by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). The dietary intake risk assessment was conducted by
using risk quotient method. Results The average recoveries of 6 pesticides in B. chinensis ranged from 90.8% to
99.6%, the relative standard deviations (RSD) were 1.1%-3.7%. The half-lives of 6 pesticides in Brassica chinensis
were 3.6, 6.2, 3.6, 4.6, 1.7 and 2.9 days, respectively. The final residues of acetamiprid, pyridaben, cyantraniliprole
and spinetoram in Brassica chinensis were all lower than their limit of quantification at 1 to 14 days after
administration. The highest residues of tolfenpyrad and sulfoxaflor in Brassica chinensis were 0.5136 mg/kg and
1.4488 mg/kg, respectively. The residual risk quotient (RQ) of 6 pesticides in Brassica chinensis were all smaller than
1. Conclusion Compared with the recommended maximum residue limits (MRLs) in the “maximum residue limits

of pesticides in food” for 6 pesticides in leafy vegetables, the final residue is lower than the MRLs. The dietary risk of

6 pesticides in Brassica chinensis is relatively low, which is not hazardous to people.

KEY WORDS: pesticide; Brassica rapa var. chinensis; residual dynamics; risk assessment

0 35

b7 (Brassica rapa var. chinensis)2F E# LAY +7
TR EESE, e X R . o R R AR RS
A e L), WA 2 R SR R A . AR
BRI o A R 52 R & (spinetoram) . AN 52
(pyridaben) . 9 WE 2 B% B (sulfoxaflor) . ¥ 45 B ML f%
(cyantraniliprole) , i HL P (acetamiprid) Ik B fBE 1 (tol fenpyrad)
RGERAE HE FIN R B, R TG NB0ENE . &
SR . NEIK . BT bl R ELAECR DY R 2G5k
AMGEMA T S ST 2 4, R RPN EEMER. FXN
HNTZ TR i R A, A5 T A S T — RS
b AR AR A 23R B2 FRIELE T BURUR
TR . RUNE R . MRS . bk, mBsEREE . ZBEER
B 3 AE % 32 1 fie K 8% B8 PR & {H (maximum residue  limit,
MRL)Z35I24 20 mg/kg(M32) . 6 mg/kg(M32K) | 2 me/kg(4h
BRAF#) . 1.5 mgkg(M32) . 0.5 mgkg( kR H ) A
0.5 mg/kg@EERH T, B, HABA RS g5
B 3R 6 Rl 2411t sk B PR AR

B S AR 2k R e A I vk R A S A TS (gas
chromatography, GO | < Ml @ 3% - 5t 3% B¢ FH ¥ (gas
chromatography-mass spectrometry, GC-MS)P®!, ¥ 1%
OBk 3% 5 (liquid
spectrometry, LC-MS/MS)® | 25 %4 i AH €0, 1% - £ 1 o 3% v
(high performance liquid chromatograghy-tandem mass
spectrometry, HPLC-MS/MS)! I i 4% 8 H €033 - 53 1 o

i (ultra performance liquid chromatography-tandem mass

il

chromatography-tandem mass

spectrometry, UPLC-MS/MS)® 1% #+xfiiseH ik 6 Fh
% HUFR A B — ARG ik A R OO SR R e SO
AH € 1 - ER BT 1% (UPLC-MS/MS) [l I #6306 A 2578+
TERVBE SR [T v 5k P AF o fef DL AR I8 . R, ARBIFSE R
FH UPLC-MS/MS 5%, WE T B d 6 FhR 2558
ik, X 6 FNFILE T P R BT R S A R T T
5, FRTILRE AR HEA TP, B RhHE 6 R
TEBR IR BT ) b5 R 8% B PR A A 7 1
LA FH YR SRR 2 A A

1 MR5ERZE

1.1 EE5ERF

Waters UPLC-TQS #8 = 3830 AH {6 1% - 55 B DU G0 AT o i
(3¢ 1E Waters A F]); MILLI-Q 4li/K#L(3& E Millipore A Fl);
AUD220D B F RKE(TF4rz—, HERSHEAH),
Eppendorf 5804R .00 HL(1% E L A% Eppendorf 132 Fl);
KQ5200DE #5475 I 5 e #% (B LU 7Tl P A 3R A IR A
wl); VORTEX-KB3 i figiE S % (VLR ] AR DR (L 2%
il A FRAF .

5%WE HPRFLIM (VLR AT b2 A BRA FD); 20% 35 H
i i T 4 30 2 2 AR (35 I A BN 7D ); 30% M H ok e B 7
FICLPEF A T RIHEAH); 60 g/L LHEEZ AR
B . 22% R NE M IR R W G E P R 2 R A HD); 15%
i 5 2 7K LR (O i L R S R A BR A 7D

FRUE S TR BRI (cyantraniliprole, 98.4%). M HL
Bt iz (tolfenpyrad, 99.0%). Z.3Z 7 F & (spinetoram-L,
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®1 o MRHEZERICLER
Table 1 The registration of 6 kinds of pesticides in China

2 Bia AT 4 e
Wil Wk CTRYEL. B0T. BOHRBEI . ZNRVREL WA IR, BUR. B . JERE. NHERE. SR
il BB TR | OPES L k. b f. BHER. R fE.
sy R ASERCR. SR FUREL L, BRI BT W I L KH L L UL B kR,
B . BILCROR . el R (bl R ent i N )
e s NS i
SELVE HL NS B RO | MR . B . RS G Bel PR TR SR R AE SRR AR BER
AL TOR.
. FICEROM. NN BF . T FUHBEN. BT Tk, #UK. 975, T K. 5.
CIZRER

AP | fLifg

(LD 77 5220)

100 pg/mL) . 36 WE 1A% I (sulfoxaflor, 99.7%) . Mk R
(pyridaben, 98.5%) . W Hi JJk (acetamiprid, 98.5%)( 3 [
Sigma-Aldrich 23 F]),

HAp50]: (sl 32E Fisher 2w]); HIAA
N-A 3k 2, — e AR B 750 (38 [E Sigma-Aldrich 22 F); Josk
TREREE | AL | DisQuE™(0.5 g NaSesquihydrate, 1 g
NaCitrate, 1 g NaCl/4 g MgSO,)(4r#r4li, EZ4EH]),
1.2 R E

T AR 2550 5% P P Tt 06 v BV R )V A
Ve A 2558 BB ) 1, IRB0T 2018 4F 4~10 A 7E
AN I T 6 B FIAE i L sk H R,
FH Ry A it FHARF 5 BTk i 6 Rz IR/ X 48— %
W XK HEE AR 8N 40~50 d, M4 (K
VEP A 2558 Bk e ) ) U, g il A K g Bl AN 24
7160 5 01 358 SRR IS ]
1.3 HESSKRKRERE
1.3.1  H s &K

ite 24 700 SR 2 TR M e R R Y 2, AU S 43i
9 5% 0 BRI 45 g/hm? . 15%Mki R K FL7] 180 g/hm? .
20% A EEIE AT 4 HOH R TR 30 g/hm? . 30%mk H LR
BTEH] 540 g/hm®. 22%FRUE UG EIFF] 198 g/hm® Al
60 g/L ZFELZ R R BIFH 108 g/hm?, DL KA HAE Ry 2
FIXTRE, AR 3 A, A/NXERZ 30 m®, FEHEH
WG 7dfizh 1k, A ThEZifs 1hFl 1, 3. 5. 7. 14,
21, 28, 35 d BUkE, ZERIRE/NX N BEAL R LA K IEH |
TR HEMAES 1 ke, FESRDIREIR SIS AL B AR
200 g, JLA-20 °CUKABHR TR, R,
132 RAKRE B

B 24500 43 0 B AV S CHE A v R0 2 ) o s ) 4 (A
FEE AN 2 52 MEARE, 808073500 5%0E R
BEFLIN(22.5 . 45 g/hm?) | 15%HkdH 53 K FL57 (90, 180 g/hm?).
20%75 A HUBERE AT M HOHAR TR (15, 30 g/hm?) . 30%05 H

Bk e I F(270 . 540 g/hm?) . 22%J50 I B eI B 77 771 (99
198 g/hm*)Fll 60 g/L 2L AW B EIFHI(54. 108 g/hm’),
R AU PRV R R . ARARER 3 ANEAT, AR/NXE AL
30m?, B HEE 7 d 5 1 iz, Rz 7 d, di
252 R, AT RE— RS 1. 3. 5. 7. 10, 14d R
FE, BURETIL 1301,
1.4 WREHE
141 HRaraE

PRI 10.0 g IXFE(EAK) T 50 mL B0, A
20 mL ZJi, W€ 1 min, A 1 £ DisQuE™, i€ 30 s,
H A HEHEL 20 min, 5000 r/min B0 10 min, B 1 mL F35#K .

FREL 0.03 g ALk B@EEIMARE, HERESZ
B 1:3,V:V), LA 0.30 g N-IR3EZ 1%, 0.45 g Jo/KHE
FREE(f I RT 20 425 °CHE8E), RN Fik | mL 35, #
JE 1 min, 5000 r/min &5.0> 10 min, B E WG 0.22 pm g5,
RIS
1.42 BB Z LM

ik S WA AT A5 ACQUITY HSS Cig
#:(100.0 mm>2.1 mm, 1.8 um), K 400 pL/min, #1iE
35 °C, MEREREA 1 pL. HEhAH A A4 S mmol/L Z,
BRELTN 1% BRVE TR, B AR NG, #7H8 A:B=80: 20(V:V)
TR

JRE S BBy = F W 5 B8 R E B F (electron
spray ionization, ESI+), & FH £ 5 I #% =X Wi I (multiple
reaction monitoring, MRM), B4 HLIE 1.0 kV, LW
3.0 L/min, AI#ASHE 10.0 L/min, BFIEIERE 150 °C,
EEFNERE 500 °C, EE A 1000 L/hr,
L5 BERBAXKIEE

JRE B B A JRUBS PR AT LA Ry 2 HH R 2 B KAk P PR e
WA BARIE! SR 2 a5 k01 T 20 550 A B £ 48 A XU B
50 DUXUS B fE (risk quotient, RQYE MIFAL{E, 24 RQ<
1, FoRHRE AT RESZ, RQ B/, KUK BN, 24 RQ>1
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B, FoNAE AN EZ RS PERE:, RQ R, MBS, 1T
BAXNM). (2):

EED=CRLxFI/bw )

RQ=EED/ADI @)
A (D) EED Mfhiit R R, mg/(kg bw); CRL MR ZyFk
i, mg/kg; FIMIEEHE AR, kg, bw IIKH, kg; H(2)F RQ
Sy AU s ADI(acceptable daily intake) 4 H 248 A,
mg/(kg bw),

2 HERS5SH

2.1 SLMEE. EHMERBEE

S3HIKENE PR . mAIE L | TR HUBRA . s e R L 9R
WE G . 22 2R TR R ARME TR WA 25 11 S T B U A
el 5 AU RS I R IIBRIEVET . DABR IS TR YR
BEARFR(X, mg/kg), HH U I FR A = B AR R AR B (Y) 222 il
Frueigk, Lrk R 2, hEZB AT 0.99,

w45 R R, 7E 0.3, 0.6 F1 3.0 mg/kg #%
)17 N Y27 N7 N S e N L R e k2
F B LR 90.8%~98.3%, XA N2 (relative
standard deviation, RSD)% 1.2%~3.3%; 7E 0.15, 0.3 #0
1.5 mg/kg WHKTT, FUbE BONE7E IR i F-35 Il
N 92.6%~99.2%, HIXIFRMEMZ RSD J 1.5%~2.6%; £
1.5.3 il 15 mg/kg BRIIKF T, ZIREZAWRLE LIEEHH
SE 2 [0 N 94.0%~99.6%, A A FR ME R 2% RSD N
1.1%~3.7%(F 3), T 2 AR Z5% B AT I g 22K

H S AU I A5 B 0E bk . ki R | R R |
M TR 7 1V R A BEBR YR 0.3 meg/kg, FRNE HURRNG
TE i H H ) E & R (limits of quantification, LOQ) N
0.15 mgkg, ZHZAWRTE LBEF P ERRRY
1.5 mg/kg; e, mAMER | VR ARG . nae I RS
FR (limits of detection, LOD)YJ4 0.1 mg/kg, J8 Mt IR
K H PR A 005 mgkg, ZIZREEMA B R A
0.5 mg/kg,

®2 6 MRBAELEFPRIRETLEML. RERY. B

MRX%EZBR
Table 2 Linear equation, r>, LOD and LOQ of the 6 pesticides
T wpgp  JUr ) RuhRCOERR
ZEr’ /(mg/kg) /(mg/kg)
IE o K Y=53197X+12906 0.9999 0.1 0.3
Mk it R Y=88595X+154708 0.9998 0.1 0.3
WRECRBERE  Y=5544.1X-572.2  0.9995 0.1 0.3
A P g Y=37727X+28763 0.9996 0.1 0.3
FNE NS Y=1158.2X+195.3 0.9998  0.05 0.15
CHZRWE Y=62256X-25215 0.9994 0.5 1.5

R3 6 MRHEFELEFPRRMFIEWERR B RERE
(n=6)
Table 3 Recoveries and RSDs of 6 pesticides in B. rapa var.
chinensis(n=6)

KR WIAKE SRR AR R 2
/(mg/kg) 1% RSD/%

0.3 91.1 22
IE K 0.6 94.6 2.8
3.0 972 3.1
0.3 90.8 12
ik A 0.6 94.1 2.1
3.0 98.3 2.3
0.3 91.8 1.8
TR L Bt 0.6 93.4 3.2
3.0 96.3 25
0.3 91.6 1.5
A P g 0.6 94.5 33
3.0 97.9 3.3
0.15 92.6 2.6
FULE LG 0.3 95.1 1.8
1.5 99.2 1.5
1.5 94.0 1.1
LIEREER 3 94.5 2.7
15 99.6 3.7

22 6 MARHRNELEEPRIERS
6 Filr % H b v 7 R R F A 8% B 3 i T [ ) S
MBS, S MENF G — R 1% 5. lEh
k. mbdE R BRGFURBERE . e HORERE . SROE R . 2%
Z AR HIEH PR 3008 3.6, 6.2, 3.6,
4.6, 1.7 2.9d(# 4).
F4 o MFAT LEFRNERBERNSESH

Table 4 Degradation kinetics parameters of six pesticides in B.
rapa var. chinensis

A 25 2 WA R RERK . EFEN
IE o C=0.2253¢ 1% 0.9629 3.6
Tk i R C=0.2128¢7 1" 0.9667 6.2
TR L C=0.0583¢""*" 0.9430 3.6
s C=0.814¢ """ 0.9282 4.6
GeUIE C=2.7963¢ 4% 0.9291 1.7
LEEZRAWE C=0.2265¢ " 0.9849 2.9
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2.3 6 MFRHEFELEEPHRAKRE

e RO v A A R 8 R 2 485, A6 R0 R
J&G 7 d, itz 2 ik, 2RI EE R 7 d, 6 2 FIFE i
HHMRZIREEILE 5. el bk, mhgER | AR
Tk F1 £ 3k 22 8 TR 2R AE 1 vh i B B i 2 o0 IS e
IR W B B S PR E R 0.5136 mg/ke,

A LI AE L R 0 R R B N 1.4488 mg/ke.

R Hhe 247 50) FH [0 it P4 ) R 2 R i, i 2
WHE R Pz, fda—iigi)a 3 d TR, 6 Al
e 5% BA e AT T FERILAE 14 24300 1 % 3 (V32 28 fe i
P, HJE, HRTREXT 6 M 2i7e 1 iy sk i B
P ARAT HLAAE .

RS MPRHFELEFTIHNRERES

Table 5 Terminal residues of six pesticides in B. rapa var. chinensis

TR 5% F 2 /(mg/kg)
KA 2R Jt 2577 8 /[a.1/(g/hm?)]
1d 3d 5d 7d 10d 14d
22.5 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
mE o K

45 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

90 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

i i

180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

15 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

TR H P

30 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

) 270 0.5080 0.4636 0.4800 0.4218 0.4007 <LOQ

e ot 5 i

540 0.5136 0.4760 0.4798 0.4471 0.4277 <LOQ

99 1.1962 0.2993 0.2640 0.2373 <LOQ <LOQ

FNE

198 1.4488 0.6220 0.5439 0.3511 0.1643 <LOQ

54 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

CHLERWE

108 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

2.4 6 FhRABFNELESPAER X ITE.Y
6 FZHFIME H AV AR ILE 6, RE ALY
TP ESER g HBA R B A R 300~500 "7, FiiaFeE A

WK 63 kg T, AL A BRI

B 6 A2

R KBk B TTAE, WU RTE RQ /T 1, JLrbme e i
(RS BT (B RQ K 0.6794, W 6 Fh 27 i i 1 5 5%
ISR, Jm Al K, SR AL T2 2Kk

R6 6 MATELEETNERREMNE TR

Table 6 EED and RQ of six pesticides in B. rapa var. chinensis

REHH ADI . fhii R R EED XU Ri(E
(mg/kg bw) /(mg/kg bw) RQ

WE H bk 0.07 0.0013 0.0185
ik A R 0.01 0.0010 0.0982
TR i 0.03 0.0008 0.0271
e o1 gt i 0.006 0.0041 0.6794
FIE HUNE 0.05 0.0115 0.2300
LIEREER 0.05 0.0001 0.0021

3 Hit5iTie

ABFFEEE ST T UPLC-MS/MS J7 i 5E 6 fh At 2
HEZRTEE . MR | e BNy . TR B . el
JOR T e ol PG e A LV R AR B A AT O TR, R ik
4D 7 T8 1 FTOHS 00 5 380 i i Y A 24 B 7 40 BT A D ) K
THAR AR B, 6 Fh 2470 A 3% B £ B A 0] 19 408 1 240
Wb, AR 1.7~6.2 d, W 6 FIZhFI7E i
WIS B AR 2 . IR BRI A R BN, WEHUBK . mk
MR BB R EZ R ERE LT R MEREE
PS5 f PR nee o e AR R N A e
B AR A 0.5136 mg/kg F1 1.4488 mg/kg, H )G
— Wi 3 d, 6 FhR BFIAE Bl dh sk B LT
HAEB O 2 P R ABRgT i, 2700 (0 7 i
5% B 5 b i OO e 22 5, b L D AT R S FR
FRAIED PR AR EB B RIREBERT 5245 A S 19k
fift AR A AL, R Z AR | R b Y S A - B A
P B giti 24 7 A R R

LB . AR | e AN . TRE R |
WE L JoR e e ok e A 0 ) g S 2B 7 e R T2, — ROk U
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EAT I I B H A R RS A R T BHe B 6
P2 700 48 A BEEA T 43 31 BN, (H T H AT e 7
5% B I B0 Tk AR, AT R AL S % Bk A=,
X RS T T R B AT T RS XU A . 18 S R
AR PE 25 R R W, Fae ARIEFE A0 7 P St 1 500 e R 2
FIHEAY 2 f5FIE, 2 2 R, SRIKRIFEHT 14 d, 6 Fhh5n
KBS T (E RQ /N 1, 15687 6 Fp 25l 7E Rl v G %
AR, i 2 i KU b F AT 3252 28 20K, BFSE
SRR ENE QR EE . BRI R | e R
TRFCRBERE . WE R R BERE 6 Rl 257E LI th iR
KR EE R F (maximum residue limit, MRL)#RfEHEAHKHE

TEAL S A 25 TE R 2 VE W b 0 % B8 T i o 28 AN I &
FRER BRI, EE WA 2 B R X E D 2 AR5
W, MABFRAC ) —F—H TR R, TS SFERY
BRI B SR LR AR S A T E R, AHINEL
0T S AR, S PR e S A R . R
6 Py e i T SR R AL T 2K, (HEADFR
UGSET BilEH hER B, BigE AR H A
BEAGE/NTE S, BRI KR FOREGEH AR 4
AWATREREA FIR2G50), UL, 6 R 2k 7e oAb &4 o (1) B
BT RS DX [ P gt R 19 52 T 75 i — 25 Pl A il
EH AR BRI AR MRL R 5238 555

SE M
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