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ARBEREXNEMTIRPAITRE LEBRDTS

KON, X W, B I, BRE, LWL

LFRARO R 2 IR 228, TEFH 110866)

B OE: @ ae LRGN, BAIARERITTHER2F 3 ey E K%, KA QUEChERS-Z
HORAR €38 - % B4 T35 (QUEChERS-HPLC-MS/MS) %, AR T AEAERA X & fo £3E F 4955
BEMMANE. RKH: £0.0003. 0.01 42 0.1 mg/kg FAKPET, AEAEREALEKZHK.
FRE. KaHEREEFHE AT IE S 89%~112%, B AT 47415 £ (RSD)
(n=5) A 1.3%~5.3%; HH-FHRADIKEDH 85%~110%, H H RSD (n = 15)
# 0.40%~4.8%. ARREEERZHK. FXEL. KREAEFRLEFHLTER (LOQ) ¥ A
0.000 3 mg/kg, FE%BiHLRAKRGREAFEGER, RIkAFIEAEKR SRS LI 694 E 3
EYHE— BB LN NFHAR, EREHEKALETHEBFRAT>A A 5.8~11.8dF
15.8~24.8 d. KJA 480 g/L ke A e &% A 4548 5 2 ) & (A 2R 9 60 g/hm?®) A3 1.5 42464
F % (B 90 g/hm?) T HA4% 1K, BORKBREN, ARAEkEeR k. FX
2. KAtk LR RERG ZHIRT F B E FARE T AL G AR AFE AKX & LR KRG IRE

(0.02 mg/kg).
A MR A, kg 1B R HR
PEAKS: S4824: TQ450263  NRURER: A TEHS: 1008-7303(2018)04-0487-08

Residues and dissipation dynamics of flumioxazin in soybean and soil samples

ZHANG Shuang, LIUNa, CHENG Gong, YANG Qingxi, JI Mingshan®
(Plant Protection College, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: The residue and disspation dynamics of flumioxazin in soybean and soil were investigated by
QuEChERS-high performance liquid chromatography-tandem mass spectrometry (QuEChERS- HPLC-
MS/MS) method. This study was conducted in three fields including Dezhou in Shandong, Harbin in
Heilongjiang and Haicheng in Liaoning for two years. The intra-day average recoveries of flumioxazin
in spiked samples with fortified level of 0.000 3, 0.01 and 0.1 mg/kg were between 89% to 112% and
the relative standard deviation ranged from 1.3% to 5.3% (n = 5). The inter-day average recoveries
ranged from 85% to 110% and the relative standard deviation ranged from 0.4% to 4.8% (n = 15). The
quantitative limits (LOQ) for soybean plant, green soybean, soybean and soil samples were 0.000 3
mg/kg which can meet the requirement of max residue limits of flumioxazin. The dissipation dynamics
of flumioxazin in soybean plant and soil fitted the first order kinetics equations, and the dissipation half-

lives in the soybean plant and soil were 5.8-11.8 d and 15.8-24.8 d, respectively. When flamioxazin was

Yim B HEA: 2018-03-19; RAHHA: 2018-05-23.
TEERBN: KXW, L&, Wi-EH54, E-mail: zhangshuang9339@163.com; “ZiBi1l, JE{E1E# (Author for correspondence), 5, #i%,
i+, FENFHAEYRYA MR AGTHYHI, E-mail: jimingshan@163.com
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sprayed to soil once with the application rate of 60 and 90 g (a.i.)/hm?, the final residue of flumioxazin

in the soybean plant, green soybean, soybean and soil was, at harvest time, lower than the maximum

residue limit of flumioxazin in soybean of China National Standard (0.02 mg/kg).

Keywords: flumioxazin; soybean; soil; residue; dissipation

PR EL I (flumioxazin, B30 1) & H H A
s GV F -2 25 A0, I IV fre 2JS ik % 1 4%
RIBREF, REA BN FRAE AR AR H )
— A A I AR R S R AR R B S R A AR
VISR 2 A B BB SR kiR SR LB (PPO), BH
Wik ik ISR R A R, R EUR IR, f
eI R AR A S B, A R A, AT 5 ESOAE
PRIJFE TS, R R B fr P Ak 3 7 o 2 1 05
FIZE 2 FlhAb B, XF/KAEME )RR B A = 5
PE, RN IR R A R, T,
T 72 P ok 93 55 fe 0 Ak AR 338 o ) Bk B R Y A B
BEREZE,

/
GH, ©

4
HC

ExX1 AREEREHAR
Scheme 1 Structural formula of flumioxazin

HAT, T OB L ik B o Aar il 7 v 3 B2
AR AL (GOM, AR -5 BT 1S (GC-
MS/MS)E- IR R A Lg% (HPLC-UV)!'24%,
{HIX S 7 yE o HAT R AL H R AR A 4, RERT K,
W5 S8 Hirb &R PR IR 2. BT
QuUEChERS-HPLC-MS/MS 72 A5 [ . B
4k PR BT ) NG WLV 70 A D AR AR, AR
T 2016 F—2017 FAE L ZARFEMN . FBIRTTIG /R
LT WG IEEAT T IR R IZ 2 4 3 M) 1] Ak
¥, KH QuEChERS-HPLC-MS/MS EHFF T %k
TR A K SR g b (15 B R TE R AN
1 RS
1.1 &5

ZHEW 1290 AL 5 OB AH HR I 6460 Y = Y
B AT 5T 3% 4 F1 MassHunter LA sl #4F (36 H 224
A 1Q7000 8 4E /K4 (3% Millipore 2

F]); BSA224S Jisrz —RF (45 Sartorius A
#); CTI15RE =g A% 2041 (H A HITACHI A
Fl) s G560E jm it Ik ¥ #% (3£ Scientific
Industries 2 7).

99.4% BRI (flumioxazin) FRiE S (1 E
Dr. Ehrenstorfer 24 5]); 480 g/L TN k-9 15 4 2 17771
(—RAEDRHEEIGRAR): CHEMHRE (B
4fi, Thermo Fisher A#]); IR (taibal, gk
FiTAF]); Cige GCB Al PSA (KREHAN U ARA
Fl); LM SALBNAITCKBRER BE (M, EZ
A IR AR,
1.2 HERE
12,1 #Az ARSI T 2016 £—2017 £
SFE L ZRAEIN . RV AS SRR T AT, ik
B MR 2% At S - SRR AN 5T ISR 1101 IRIER 207,

* 1 REMIME R

Table 1 Environmental conditions of experimental sites

N P15 H IR 1A TR iRl N
R A hi A Averag
Site Verage sunsnine verage . / yergg,e
time/h temperature/'C  precipitation/mm
1 ZR N 2074~2 784 13 22
Dezhou, Shandong
HIBTT A IR 2 400~2 800 8 15

Harbin, Heilongjiang
TR 2500 10 26
Haicheng, Liaoning

Bvikie b NI CD2E BUNTSP oIS NN 45 N = A N P ]
B30m?, HE 3K, MXEIREE. K257
N 480 g/L NI G771, 4% 1.5 A st
= (ARUES 90 g/hm?) 25 1 Ik, T KEEEH
1B E et U7 e Eoa [l we= &1 TR il )
WA EAXENX . 0 FizifE 2h & 1. 3. 7.
14. 20, 30. 45. 60d, BENLHEL 0~10 cm ¥R T FF
1 kg VAL, DU vkEEEE 2 4, B3 200 g, VRED,
It 380 um MG, F 20 C /17, &H.

B RERMRAEKE 15 cm S TFERERE
RS, A% 0. 1. 3. 7. 14, 20, 30,
45 F160d KAE, ¥, RS, T -20°C 1&R47, FEN.
122 wAHERE WREEF 1.2.0 77, (HXT
WA /NX B K2 MR, SAEN
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Table 2 Physical and chemical properties of soil from experimental sites

s g —— SRS E BEE B U HIUR & &
u&sgi%f‘ gjﬁ%% pH Total Alkali hydrolysable Total Effective Organic
P nitrogen/(g/kg)  nitrogen/(mg/kg) phosphorus/(g/kg) phosphorus/(mg/kg)  content/(g/kg)
L AR A WL 8.90 0.80 97 0.99 64.0 8.40
Dezhou, Shandong Moisture soil
IETLIE IR Ht 6.48 0.22 182 0.19 12.0 3.41
Harbin, Heilongjiang Black soil
ILT R fgE L 5.90 0.98 109 0.37 26.7 17.20

Haicheng, Liaoning Brunisolic soil

AR5 90 g/hm? (1.5 f5HEFE FTE), KRN
ARG 60 g/hm? (HEFEEAE) , TREMHEN
A LA 2 1k, BB ESE 3R, TRE
I ARIRETFTKEIHEMALT 1 kg, KEWGR
B0 AR KGR AR . R EFF R A L3R AN
ST 1kg, T -20°C fR1E, &H. HEAMLT
HXHR X .
1.3 HRATaIE

S CHR[201 7 A ook 73 I FREX 200 g R
AR FRFIFE S K EAEME . B KRG KERRD) , H
L. 2 BIEL 10 g BESY CKEME. F K
T KPR I%E) N 50 mL B H,
A 10 mL 2/, i€ 3 min, J82]; WA 1g &k
BN 4 g ToKBRIREE (1380 2 ¢ &ALEAAN 3 g K
WMIRER), W€ 3 min, T 4000 r/min F&.L» 5 min.
1.5 mL _BiEW, NS A 1§ AT (O E Rk
50 mg PSA. 50 mg C¢ A1 20 mg GCB; #H K&:
50 mg PSA 130 mg C,g; KEFFi: 50 mg
PSA 130 mg Cyg; 1T3%: 50 mg Cyg) Al 150 mg Jo/K
PREREEN) 2 mL B0, WAIE 1 min, T 5000 r/min
NEL 5 ming BUEIEW, T 0.22 pm AHLIER,
£ HPLC-MS/MS #&:3ll .
1.4 HPLC-MS/MS &0 & ¢

OREAE: Al A M HEE, B A NIAER
SH0.2% W R /KW . BRI FEF: 0 min,
10%A; 1 min, 50%A ; 3 min, 20%A; 5 min, 10%A.
K 0.4 mL/min; A3 40 C; HEFEARF 3.0 uL.

T A HIME S B TUR (BSD), kS
BESBNEAR . BB T, 2R8I
(MRM), EEE XN 355.0>327.0, EHET
XF 355.0 >204.0, FERAWSEIA 300 ms, FAFEH
JEN 100V, fEEREN 25 V. TSR 325 C,
JIE 8.0 L/min; #HSRE 350 °C, ¥iti# 10.0 L/min;
BN HEIE N 4500 Vs BIHEHE A 500 V.

1.5 toERRIECH R AR ERZ R E

HERIAREL 0.01 g (F5H 42 0.000 1 g) A HRLFR
febrdEdh, H R FEIFESR S 100 mL, FLH] %
100 mg/L PR E BRI . T 2 TGI8 i e
R R 0.000 1. 0.000 5. 0.001. 0.005.
0.01 F1 0.05 mg/L IAREE M . 1% 1.4 75 B 2640
SE, DUUE IR BE R AR bR . X R IR U T AR R A Ak
br, ZeilbniEliZe, 15820 RA7HE .
1.6 ZRmEIYORLE

TERMZ KSR, FRE. KEFRA
T, I B RS ARV IR, AN
K43 5124 0.000 3. 0.01 F1 0.1 mg/kg, FFAKF
HE 5K, RN T 7 15 HEAT R AT A B
HPLC-MS/MS WI5E, tH&E H AP ERE. BN
A b dE i 25 (RSD) A1 H 8] °F- 25 [\l U 2. H Ja]
RSD .
1.7 #HiENE

AR E G K F DPS Hdls Ab 2 R G k47 B R 3R
WGt 77 Z 5081, XBH K (Duncan) #1 B Z 7%
HEAT RO 3R 2 ) ) 22 S PR B A

2 RS0

2.1 FANEWEIBERE

£ 0.000 1~0.05 mg/L ZeMEJEFEI N, H R E
Yo A Y R P O R A B L TR A ) 2 R 1 2k
HRR, HEEGFERNy=1599.1x +33.379, R*=
0.999 9. AN[FZEEFbRHERIZE 5 : y=1663.72x -
12742, R*=0.9978 CKEHEHK); y=1461.6x+52.999,
R=09996(FHKE): y=109647x+50.179, R°=09992
(CKEXFHRL); y=729.48x +48.53, R*=0.9982 (+
B wmEloREe g5 R (3% 3) W £E 0.000 3.
0.01 A1 0.1 mg/kg 3 MAIKFT, THHGREILAE
KE S A3 BICRIITE 85%~112%, FHXT AR
R ZE /T 10%, FFE A2 5% B o AT i 225Kk
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®3 ARAEREXRTER. BRE. KEAFRMIEHIRMEWE R BT ERE

Table 3 Recoveries and RSDs of flumioxazin spiked in soybean plant, green soybean, soybean and soil

H [d] Intra-day Al
- Pﬁs i ﬁka Day 1 Day 2 Day 3 Inter-day
Matix o Pinake)  CEHIEMCE  AxbhE PIEEE  MdbE CREEMCE A TIEEE AR
Average iz Average i 2 Average 2 Average 2
recovery/% RSD/% recovery/% RSD/% recovery/% RSD/% recovery/% RSD/%

KRG AR 0.000 3 88 3.6 98 3.2 102 48 96 5.3
Soybeanplant 108 2.8 105 3.1 110 3.7 112 48
0.1 85 34 89 26 92 22 89 25
HRE 0.000 3 94 1.7 98 14 90 2.8 95 15
Greensoybean 89 0.9 93 3.7 92 3.1 103 23
0.1 102 3.1 106 32 104 17 100 1.9
KGR 0.000 3 100 2.6 108 34 100 2.9 104 3.7
Soybean 0.01 95 0.8 97 14 92 12 94 22
0.1 105 17 100 22 108 17 102 2.4
i 0.000 3 99 23 93 46 99 32 99 43
Soil 0.01 95 0.4 99 0.9 101 1.8 98 13
0.1 97 1.8 92 23 99 0.7 95 2.7

SRR E L 1o ARAE BRI IR, PR 22 ERMN

fa e KGR HRE . KEFRIF 3 i e 1T QuEChERS-HPLC-MS/MS 5 52 3 i 342
=N B I=A (=7 » Vi N 7
IR (LOQ) ¥4 0.000 3 mg/kg. VI sz e, T 0 e 45 S ) kit RORS 2 R B
x10° x10
6.0 16
g 50 367 A g 14 B
g =1
s 40 2 12
= > 2 1.0
2 20 = 08
= 1.0 = 06
04
0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0 0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
It 8] Time/min It 18] Time/min
x10? x10?
L e o 14
g 22 2368 C £ |, D
Q o, .
218 7
o &2 1.0
o 14 C
E 10 (20
g 6 0.6
04
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 5.5 6.0 0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
i} 18] Time/min I} /] Time/min
X102 X102
6.0 1.6
14
2 50 E 3 F
S S 12
2 40 2372 &
2}
& & 1.0
m >0 m
220 2 0.8
= 1.0 = 0.6
0 0.4
0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0 0 05 1.0 1.5 2.0 25 3.0 3.5 40 45 5.0 5.5 6.0

i 18] Time/min i 1) Time/min
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x10? x10?
6.0 Lo

o 5. G o H

z >0 2371 £ 09

% 4.0 % 0.8

E 30 E 0.7

& 20 B o6

T 10 " 0s

0 05 1.0 1.5 20 25 3.0 3.5 40 45 50 55 6.0

I} 1] Time/min

x10?
2.6

1.8
1.4
1.0

i ¥ {H Response

0.6

22 2372

0 05 10 1.5 20 25 3.0 35 40 45 50 55 6.0

i 1] Time/min

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0 55 6.0

I 16 Time/min

A NI REARAE M (0.01 mg/kg) ; B. K MM A AR, C. KRB INEE & (0.01 mg/kg) ;D. 1 N E 5 AR E. K EHIIFEM (0.01 mg/ke);
F. KRGFRLAS AR G RGBS INEE S (0.01 mg/kg); H. 34 ARES; L HIERINFES (0.01 mg/ke).
A. Standard of flumioxazin (0.01 mg/kg); B. Blank of soybean plant; C. Soybean plant sample fortified with 0.01 mg/kg flumioxazin; D. Blank of green
soybean; E. Green soybean sample fortified with 0.01 mg/kg flumioxazin; F. Blank of soybean; G. Soybean sample fortified with 0.01 mg/kg flumioxazin;
H. Blank of soil; I. Soil sample fortified with 0.01mg/kg flumioxazin.

El1 AREERRERREEFRRKEFRT RN EIEE

Fig. 1

R, RN (M) % = [(3 5 A v 7 0 i 28 )
B — IR FRbR HEVE T I 2 R 28 ) R R v R 2 AR
] x 100. 2 Mg =0 B IEEEFIHRL, 24 My <0 B
BTSSR, 2 My > 0 B Dy 2 o 4 o A%
BT AT TS R TR bR R AR R S R AR
I Mg EN 4.0%, RINIEFRIGHRAN; £F
KEF ) Mg 5 -8.6%, 22 I A FE T I8 59 R ;
TERGHF R Mg B8 -31.4%, RINEEFI
RN E R IERR Ml —54.4%, RINHE
SRR I RN o AR J7 92 (38 1 AE P, A
B 72 R FH A v 258 J5 UG TEC Ao o 1l 28 7 2 R VR R 2
B AR 32 S P s M 24
2.3 AHREERAEXSERNTIEPIERENS
480 g/L TR bR AR B A2 75 77 LA 2087 90 g/hm?
T2 2 h J5, 2016 4EA0 2017 4 1L A A5
POV NG SR AL T3, 3 M P bR R L 7R K 2
TR B SR AR PTAR & 4 70l 28 0.013 24 0.007 1,
0.009 8 mg/kg 1 0.009 8. 0.006 3. 0.008 4 mg/kg,
78 L ) SR UG VTR 2 3108 0.016 3+ 0.018 4.
0.374 2 mg/kg 1 0.024 7. 0.026 3. 0.287 2 mg/kg.
PRI R 6, B i E K AR RN 358 v Bk B 48 S e

Chromatogram of flumioxazin standard and different soybean samples spiked with flumioxazin

Zyfa ARG I (] R BOC R, W &R & — R
N3 )15 RE . IR K (Duncan) # & 2212
X HAH RS AT 2 7 WA M T A, AR AR
P TR — 2= 45 P K R R R0 438 Hh P ke B e D 9
R ANAFAE B2 22 5, T TR — 453 A [R5 5 [ )
iR ZEREE (P<0.05), HHMEE N BRI
IR > AR > 3 g IR (] 2 FIIE 3). AR
THARBNATTRE SR 4,
24 ARBERNRELKES

480 g/L PR H B i B %A 3053 60 g/hm?
(HEFF =) A1 90 g/hm? (1.5 fEHER & 7)) 4 71
TROHEEHIMZ 1k, WORIHRME. 48R
B NG IGAE R G . F R KRR
A3 rp i e 4 5k B B3 IKT 0.000 3 mg/kg, i
I [ R E 1 P R R G K S R i) MRLE
(0.02 mg/kg)*,

3 gt

AHF 9K F QuEChERS-HPLC-MS/MS #: 44
W, EER (LOQ) N 0.000 3 mg/kg, HAHEIE
71~ BEIUMELAR S m S, TR R
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0.002 HTJ' |EJ Time/d
0 A: AR B: HEIRVTIE/RIE: C: LT,
0 10 20 30 40 50 A: Dezhou, Shandong; B: Harbin, Heilongjiang; C: Haicheng, Liaoning.
{1 Time/d 3 AREERETIEPIEBENS

A: AR B: BRILIG/REE: C: LTI,

A: Dezhou, Shandong; B: Harbin, Heilongjiang; C: Haicheng, Liaoning.
2 ARAEREXSERFIHERIS

Fig. 2 Disspation dynamics of flumioxazin in soybean plant
A 8 E AN RABURE AT B AR 24 5 B e T A 25K
HEhA R AR R, R E AR

*4 ARAEREXNTERMNDRDIERDTHE. RERFBHBLRY

Table 4 The dissipation dynamics equations, coefficients and dissipation half-lives of flumioxazin in soybean plant and soil

RNEN 15T R . 2016 12017 4ELE 1L Z2 450

Fig. 3 Disspation dynamics of flumioxazin in soil

FELR AN - 38 r (0 Bk B B 59 s it 245 ) N T8 ) SEE K T
FEAR, SAEThSECORIBT USSR — 5. PIBRIR AL
E R SRR 38 o (3 A 3 S R S 7T & — 2

AR

PNGXEL N EE
RIS RIS soybean plant Soil
Experimental year Site WA T WERH FRN HIREIE TR WERE L
Dissipation dynamics equation R Half-life/d  Dissipation dynamics equation R Half-life/d
2016 Ll AR M C,=0.009 8¢ ™ 0.933 1 7.8 C,=0.015¢"0% 0.991 3 18.2
Dezhou, Shandong
BRI R C,=0.007 1e*™ 0.980 2 5.8 C,=0.015 4e 0% 09723 15.8
Harbin, Heilongjiang
I C,=0.010 1 0.953 8 10.5 C,=0.353 1g*% 0.983 4 20.4
Haicheng, Liaoning
2017 Ll AR C,=0.008¢ % 0.9343 8.4 C,=0.019 7e 0% 0.966 3 21.7
Dezhou, Shandong
SRIETLIE IR C,=0.006 4e 1 0.996 8 6.8 C,=0.021 5¢°% 0.967 5 19.3
Harbin, Heilongjiang
3T, C,=0.009¢ "% 0.990 5 11.8 C,=0.183 4e 0 0.8892 24.8

Haicheng, Liaoning
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eV IR FNIL T3k 2 4F 3 Mk ae 45 R &
B, PR bR 8 i E R A AR P 1 2 SR A AE 5.8~
11.8d 8], fELIERRFEEINAE 15.8~248d 2
6], J& 5B (1, < 30 D)2 RFEFEHE K
R AR AR 438 R R ) Y AR RN A AL
EMESR (P> 0.05), 1A RS 25 8] K G AE R
5 R YRR B S ) AR R R E R (P <
0.05), FL7E K B PR AN 4338 b () V8 A 2R 1 R B
BTG IR > 1 AR BN > I T3k HEI TN
R TR 1) 7 i 2h A5 T R S5 RIS IR B A
Ko WIARMEM PR 13 °C, FHMHEKE 22 mm;
TS RT3 8 °C, %K E 15 mm;
LT BR0R 10 °C, P FKE 26 mm.
3 ANIRIG: S5 0T E AR AT - 1 [ K B TR A7 A 1 22 5
AT BB RS I R A — M REZ —. N
R TR (1) 7 AR 20 A5 38 TT g 5 R0 AU T ER AL
PERA . BIRTLIG/RIEM 24 R st 9 0
PUTAFAS B 78 o fift i LU B R TR S R T4
ek, AT BT B IE S B U2 27, 1 S B R
SRR RE T AR 25 I B RS, TR 1 R ARG
B[ TR OV R VR R B0 et 1)V A R A bR . T
TEIL TR IS AT AR R 1, TR T
ZHU AR RIRPERTEL, HEE R T —PE L.

AR BRI FR M, SRA 480 g/L AHRA
G B LA UK 60 g/hm? (FEFE 7Tl &) i
90 g/hm? (1.5 R E) » 2y 1 Ik, W3R
[ RERAN AN I NS R =L v/ SN 2 N I N & /T o
98 TP T ke B R e R R /N T e R R TR R
SRR S i R TR I BR & (0.02 mg/kg). A
i, FERG H A E R R i, $% 1.5 RS
FIEA R 90 g/hm? Jlizh 1 IR E T, Re
1 RRFAE K 5 Bk B i b 1) R
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