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Dissipation dynamics and risk assessment of three pesticides in
broccoli under greenhouse and open field conditions
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Abstract  Broccoli is a typical vegetable for both domestic consumption and exportation.
Chlorpyrifos, phoxim, and indoxacarb are 3 pesticides used widely in plant protection. Field
experiments were conducted to study the residues and dissipation dynamics of these pesticides in

brocceoli flowers and leaves, with 1 time and 1.5 times the recommended use dosage, under
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greenhouse and open field conditions. The samples were treated by the QuEChERS method and the
liquid chromatography-tandem mass spectrometry ( LC-MS/MS) detection. The method validation
results showed that, with the concentrations of 0.02, 0.2, and 1 mg/kg, the recovery rates of
chlorpyrifos, phoxim, and indoxacarb were 85.8%-101.0% , 90.8%-105.3% , and 86.1%-
107. 5% , respectively. The limit of detection (LOD) and limit of quantification (LOQ) were 0. 006
and 0. 01 mg/kg, respectively. The results showed that the method meets the detection requirement.
The dissipation results showed that, in broccoli flowers, the half-lives were 5.53-7.20 d for
chlorpyrifos, 3.55-3.92 d for phoxim, and 6. 11-7. 73 d for indoxacarb. While, in broccoli leaves,
the half-lives were 4.33-6.93 d for chlorpyrifos, 3.85-5.77 d for phoxim, and 3.85-5.33 d for
indoxacarb. In soil, the half-lives were 23. 1-34. 6 d for chlorpyrifos, 23. 1-34. 6 d for phoxim, and
17.3-23. 1 d for indoxacarb. The final residues showed that, for these 3 pesticides, the residues in
broceoli leaves were higher than these in broccoli flowers. With the trial application dosage, the final

residues of chlorpyrifos and indoxacarb were lower than the MRLs in EU, Japan, and CAC. While
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for phoxim, the final residues with higher application dosage exceeded the MRLs.
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Table 1 Application dosages of chlorpyrifos, phoxim,
and indoxacarb mL a.i./ha
1.0 % 1.5f%
Efi U 180 270
REAEM 324 486
SEHUE 300 450

PG Ve s 75 E Thermo /Y 7 Biofuge Primo R
S EE O ML R E IKA 2 F) T-18 21 L 56
Talboys 7~ F] B R E IR TR 5 4%

REAEMA S Wl A e R BR VE f (99% ), 1l
B A AR LR AP BB BT 5 £ —Bi-N-P9 ik
BE(PSA) , g [ Varian 23 7] ; {435 4l I, Merck
ol R L O TSR BRIREE , YR 4B 4k, 1 A
U5 R 1K K B g Ak
1.2.2 HER IS &

FE 5 2% H QuEChERS J5 ¥ 4b ¥, LC-MS/MS
ZBR BRI, AP 2= AE AT K R A 7
®aE

8 FRELS.00 ¢ (562 0.01 g) FEdh T
50 mLEE PUR S M B A TP, el A 10 mL ZJi
15 g EALEN, IRTE 1 min, #7420 min $£H2,8 000
r/min .0 3 min, ;L EEW 1 mL, A 0.05 ¢

PSA,0.05 g C #3 1 0. 15 g To/K B MR B, s Jig
1 min,8 000 r/min &> 3 min, 3G 0. 22 um
UEIEE, i LC-MS/MS #6:0] ,

PU= et i AR R 20.0 g (HE B =
0.01 g) ¥ T 50 mL BB VUGB £ 45 55 .0 v, A
40 mL ZfiEH 8 g S ALEN, iR HE 1 min, H 7 20 min
PEH,8000 r/min B0 3 min, B E K 1 mL, iIA
0.05 g PSA #3,0.05 g C ¥y F1 0. 15 g o /K i iR
£ JR%E 1 min, 8 000 r/min B> 3 min, B 15K
it 0.22 pm JEAE 1§ LC-MS/MS 53l ,

1.2.3  fUaaett

3% 55 SR F 1% 4 4 Agilent Poroshell
120 EC-C g 2. 1x75 mm (2.7 um) ; i sh4H A N
0. 1% PR KIH WS, W shAH B 2 0. 1% HR &
B . WA AH L] A :B 2520 :80, ik 0.25
mL/min ; #1530 °C; PEFER 2 wl.,
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Table 2 Mass spectrometry parameters of chlorpyrifos, phoxim, and indoxacarb

PREA i E]/ TET

Q1 fW¥E £/ V

lffE fE L/ V Q3 ¥ R/ V

=5 =

e min TET ewem)  Gemem)  Cetem)  Cetem) T
Eyia i 2.492 351.9 199. 9/96. 9 -18/-18 -21/-31 -21/-18 0.998
SER R 1.591 299.0 77.1/129. 1 -15/-15 -38/-13 -14/-25 0. 564
EIEN 1.575 528. 1 150. 1/293. 1 -20/-20 -26/-15 -28/-20 0.747
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Table 3 Linearity, recovery rate, and limitation of the detection method

Py — - Ty v ey
st PRI Jariligﬁzaéri ?ﬂjlaﬂﬂz?fﬁ/ *Exﬂfm%)ﬁvﬁ%/ mﬂ&fﬁnz./ Ei )LOD/ mmﬁ,ﬂi;w
AL y=7.11x10% 0.999 6 84.6 3.6 0. 006 0.02
FHLwE y=1.48x107x 0.999 5 95.8 6.5 0. 006 0.02
Ef U y=4.72x10% 0.999 7 105. 6 7.6 0. 006 0.02
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Fig.1 Difference in matrix effects of 3 pesticides at different concentrations in broccoli and soil
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Table 4 Degradation dynamics of the three pesticides in broccoli flowers
K2 s 8 Ak 5
1.0 f% 1.5 f% 1.0 f% 1.5 f%

BV Epys y=0.967 e—0. 125x y=1.286 e—0. 106x y=1.307 e—0. 096x y=1.482 e-0. 115x
AL HESS & 0. 967 0.948 0.983 0.955

A2/ 1,,/d 5.53 6.52 7.20 5.99

mlEpz y=1.363e-0. 193x y=1.558e=0. 191x y=1.501 e-0. 195x y=1.752e-0. 177x
B A R B R? 0. 966 0.971 0. 965 0. 961

Pl 1,/d 3.59 3.64 3.55 3.92

EIEpzE y=0.248 e—0. 0937« y=0.320 e-0. 103x y=0.214 e=0. 113x y=0.306 e—0. 089x
B g, AR B R? 0.952 0.952 0. 959 0.953

gl v,,/d 7.39 6.73 6.11 7.73

RS, A2 6. 11 1 7.39 d 76 1.5 £
HERE R T IR 2 B Bk LB Mo BBt 4

A 6.73 F17.73 d,
3 FACHLE DY =48 s B B S IR S o

RS IFWMAKAEAZEM FPRIMERNS

Table 5 Degradation dynamics of the three pesticides in broccoli leaves

" RS 2 MR
w2 1.0 % 1.5 1% 1.0 f% 1.5 1%
Sy y=11.22e-0. 10x y=21.21 e-0. 13x y=9.157e-0. 16x y=16.13 e-0. 13x
oy iES Y0 0.903 0.924 0.921 0.931
Fxgl 1,,/d 6.93 5.33 4.33 5.33
o )5 77 y=2.498 e-0. 14 y=2.834 e-0. 13 y=1.68 e—0. 18x y=1.765 e—0. 12x
F ok AH K BB R? 0.931 0.971 0.921 0. 988
K52l 1,,,/d 4.95 5.33 3.85 5.77
@YY, y=1.68e-0. 18x y=2.498e-0. 14x y=1.68e-0. 18x y=2.834 e-0. 13x
Efi HUEk AH X B R 0.921 0.931 0.921 0.971
g 1,/d 3.85 4.95 3.85 5.33
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BRI ITT B —HBh 124 R, RAEA G (R)
43514 0.903 ~ 0.931, 0.921 ~ 0.988, 0.921 ~
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WS o X BRBA T 35, 6 AS (R FH 24 790 22 F oA
SEPETR ARV AN R b o ) LU AR AERE B
W, UL A 2 BB 7E 7Y 22 48 n] 2 3007 4655
FRBR R e Ak LI e A T
2.4 HEXEFHEBNS

3 PhAZGAE L AR B Bh L R 6

7 6 MR ORI , T A0 S R AT R
TE L SR B R A5 & — 3 S 5L R 4y
54 0.904 ~ 0.961, 0.904 ~ 0.961 1 0.906 ~
0.943, W45 8 23.1~34.6,23. 1~34. 6 Fl
17.3~23. 1.d, Xf BRI 3 A AR X, DLACAS
[a] By FH 255004 26 6T, 2 S0 BUR S B W 9 IR 4
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Mo IR R W B T AE 1S A A 5T
MZGZEIET , PR B LA s AR 2 o X el
SR, 4 MR R B A I 24 4, i 2R A
0~ 3 00 HE R AR B, T2 R 1. 5 A AR )



55 4401 PN, SRR S B T VG 2246 rh 3 A< 25 5% B 3 45 15 UG A 557
F6 3IMRAETEPNERBHET
Table 6 Degradation dynamics of the three pesticides in soil
K2 TR 8 Ak 5
1.0 f% 1.5 f% 1.0 f% 1.5 f%

BV Epys y=0.737e-0. 02x y=0.938e-0. 03x y=0.67e-0. 03x y=0. 827e-0. 03x
AT A R B R? 0. 904 0. 961 0.918 0.919

A2/ 1,,/d 34.6 23.1 23. 1 23.1

(o] )9 75 #2 y=0.737e-0.02x y=0.938e-0. 03x y=0.670 e—0. 03x y=0.938 e-0. 03x
B A R B R? 0. 904 0. 961 0.918 0.961

Pl 1,/d 34.6 23.1 23.1 23.1

o] 5 7 A y=1.018e-0. 03x y=0. 143e-0. 04x y=0.099e-0. 04x y=0.146 e-0. 03x
B g, AR B R? 0. 906 0.943 0.915 0.943

gl v,,/d 23.1 17.3 17.3 23.1

AOFIZY A i A AR A A 2 5 0] B o i AR i
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B 1T 1

VO 22 A6 — PRI S S AR K, O 1A J LA AR
ZUTEVY 22 AEAE BRI 5k BA B J0 aod J £ % 8 X A AR At
JRERIRZ IR, VB 14 7128 d (5% 9 3EA T XU A
Z MG FIRARHLUT R EY A F Y s a2
T8 VA VPR iR R B LA A AT

NEDI= (STMRx0. 0908/60) x100,

RQ=NEDI/ADI.
A :NEDI 6 ZE il it 4 H 5 A5 STMR gk
25k B IR PP E, BOAS [R] it 24 790 12 FAS [+) B9 b AR
ZMET F B R A P E] R 0. 090 8 Dy AR ([
JERE SRS A A ), RO H AR A
TREUHE S I, kg; 60 O F [ RIS 2 1R HE
kg;100 9 KUK 5 %5 ADL 4R 25 1) H AR VR BEA
5 RQ RS, — A KU R T 1 A%
4, WU /N T 1 s XU T 4532

AR LA XU AL D7 145 20 P9 22 A8 FH 2250
WAL= A T B e B XU BT A Y 4 2R L
x7,

R7T BZTEREIE . RN B K KT
Table 7 Risk assessment of chlorpyrifos, phoxim,

and indoxacarb applied in broccoli

SIMR/  NED I/ DL/ R
(mg/kg) (mg/(kg-bw)) (mg/(kg-bw)) ¢

g 030 0.04540 0.01 4.540
SHEE 0.040  0.00605 0. 004 1.510

Wd w0058 0.00877 0.01 0.877
ey EE 00T 0005 0.01 0.257
SE#E 0.010  0.00151 0. 004 0.378

28 d Bidg  0.020 0. 003 03 0.01 0. 030

WRIER 7 B8 B, 1 14 d 22 2 1a] Fa )
N, RESEIE S BB A BT M AG XURE A 25 Rk
W, S SEIEAIE G Y RQ BER T 1, I
TEICHIZG 26 PF AN 22 4 E] B U, X P A A 245 76 7
2 AEAERE LA S B XU Fe B o B OB Y RQ
BT 1, LB R B 224 1228 d
LA AR, TSRS S BRI AN B R B B KUK T
FEEEIRRIT X 3 Pl 2519 RQ B(EX/NVT 10 i
B0 6 28 d 12 axfm] F U], 3 MR 2R DY 22 AEAE
R X AR R 2 22 LEE /N

3 i

A4k 5 5% Al QuEChERS Jy 5 &b 1, LC-MS/
MS A6 75 SERG | =7 i A1 B L JE 7R P 22 AR |
R AR A s FE PR . 7E 0. 02~ 10. 0 mg/kg
TP, BEAEMAL 7 Bl AT H ) o e i 5
T ARAETE 0 35 B AH OGP, A R E R R T
0.02~5.0 mg/kg TN EE N, 3 Bl 2576 74 == 4k
A e R 3y 84. 6% ~ 105. 6% , AHXT
FRUEDR 25 7E 3. 6% ~ 7. 6% , i i DS 55 B Y5 4%
B AR ER ST YR

B A BN ASEE AR U, B A0~ B A i L
TEVG 22 G4 R R R B R 755 — e sh
1T AEVE 22 G AETE P I R 4351k 0. 948 ~
0.983,0.961~0.971,0.952~0. 959, 7 A 1 R®
43511k 0.903 ~ 0.931, 0.921 ~ 0.988, 0.921 ~
0.971, 7E 1524 R® 43514 0. 904 ~ 0. 961, 0. 904 ~
0.961 F10.906~0. 943, X [t A [] Feh A# 455 2 LA
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