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W OE: BRI 26% TR AR - SR SR S E FR LA 7E KRS BB BRAT Ry, X LA RS M R B
WA AT . A3 AL L8R OB REL, N-TN2 24 “ i (primary secondary amine, PSA), Cig
A 224k BK B (graphitized carbon black, GCB)i4fk, P48 E AN (4 15% - B3 B 5T %92 (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)Z &z Jij Wil (multiple reaction monitoring, MRM)&
A, LT VCECAR v M 2R SR I8 R 02018 AR A 9 AT FH W R BA SE 80, I H kAT 6 /N A M isse e, 4R
REFIMA OB, FUH O A FUR O BR A KRS 1Y 4% B 5296 7 (supervised trials median residue, STMR)
Feff e, XIEEH ARG I TR . R AR R . FUREER M EURE R ZE 0.005~0.5 mg/kg TEFE M
HA RIFMRMERR, HRRE(NH 0.9962~0.9997, 3 F il 4 £E /KA th ) DGR 80.5%~98.4%, FHXS
Y 22 (relative standard deviation, RSD) 4 0.7%~9.2%, KRN 0.050 mg/kg, 7E 6 A w5601, 3 F
FEIAERE S BOKREMAR BRI T 30%. MR XUSS PPAl 3 BH: il A SR MR R R . R
Pkt ) 1 A 14 H A8 A 209000 0.0596 mg #110.0120 mg, FEEHEA KB AL 705010 4.73%F1 1.90%. 45
AN Iy AR A | BUAL BEERE B . ORS R A R U, nT AW R X A A A B B A A I A R . A
TN A £ TR | 5UIRL L TR RN SRR R BRTE-20 °CKAR 6 D A Aitiiia g, HAEKRS b5k B XHH 28 A 2 A AT
532 0 RS o
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Detection method of cyhalofop-butyl and fluroxypyr-meptyl herbicides in
rice and study on its storage stability
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ABSTRACT: Objective To explore the residue behavior of 26% cyhalofop-butyl-fluroxypyr-meptyl emulsion in
rice, and then evaluate the storage stability and the risk of dietary intake. Methods Samples were extracted with

acetic acid and acetonitrile, cleaned up with primary secondary amine (PSA), Cg and graphitized carbon black
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(GCB), and then analyzed by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
in multiple reaction monitoring (MRM) mode with the matrix-matched calibrations method. Filed residual trials on 9
sites in 2018 and storage experiment for 6 months. The supervised trials median residue (STMR) and degradation
rates of cyhalofop-butyl, cyhalofop acid and fluroxypyr in rice were acquired, and then the risk assessment of dietary
intake was conducted. Results There existed good linearities for all analytes in the range of 0.005-0.5 mg/kg with
their correlation coefficients (r) of 0.9962-0.9997, and the recoveries for 3 kinds of determinands in rice were in the
range of 80.5%-98.4% with relative standard deviation (RSD) of 0.7%-9.2%. The limit of quantitation was
0.050 mg/kg. During the 6 months storage experiment, the degradation rates of cyhalofop-butyl, cyhalofop acid and
fluroxypyr in rice and rice plants were lower than 30%. The result of the dietary risk assessment revealed that the
national estimated daily intake of fluroxypyr-meptyl and cyhalofop-butyl was 0.0596 mg and 0.0120 mg respectively,
with the risk quotient of 4.73% and 1.90% respectively for general population. Conclusion This method is simple
to operate, fast to pretreat, high sensitive and accurate, and can meet the requirements of compound pesticides
residues analysis and detection. The pesticides were stored stably in the refrigerator at —20 °C for 6 months, and they
will not cause unacceptable risk to the health of the consumers.

KEY WORDS: fluroxypyr-meptyl; cyhalofop-butyl; rice; storage stability; dietary risk
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0 51 § B 7 T A A (6 e D K RO (5

SR A 2 R 5 2 IR (fluroxypyr-meptyl), 1427 44 FR
1- 35 B R B [ (4- S E-3,5- T 50 -6-Fi-2- ML ) SR 3L )- 2 1R
-1-HBE B R ol U 5 B, J8 T b S BRFELS], SRR Y
R AT LR, X Tk LR 5 B A — 2 i 40 4
] DUE R PSR R . 5 AR A5 SR E R I A L,
AT IS B AR S 2 AR IE R, HRie B iR AE &
INFEH ., BFEOKRH . &/NEE A 13 FEY), EE/ERTK
R, NEE L R, ok, ARt REM
SETERRAY . NEH IR R RIRE N 0.2 mg/kg, A
fig (cyhalofop-butyl), 1t 2% 4% FR (R)-2-[4(4- 3 -2- Fl K 46
IORATL]-INIR T BR, BT A R ANMRERREN, R
fil P24 R R IR, AR KR A e, & — b
WL SEBR RS, BT PARH T 41 BESER
AR RIS i i R BRI 4 A LXK, i 2
WA A BRACIER G A, BHAASIER A&, MEFEYIAEE
PEATIEH A0 A3 24 A6 T H AT B e K RS R T
KRG (B, AKREBmEE 8 FiEy b FoEME7ERE K
R RER B PR A 0.1 mg/kg, T IR B AE HAE K R A i
KERFFREA 0.02 mg/kg, 7E/NE . K&, KiE. %
VW B f R B B B 0.01 mg/kg. 35 B LG 7E KRS |
FEA S I 5 K AR B B R 0.4 mg/kg, MAH) IR
TEKFE P B KR R PR RN 0.01 mg/kg, H AN E 51K
FETEK e R AR B BR 524 0.1 mg/kg.

Hap, SRk 2 R 7m0 5k B S L R 2,
R 22 R F R RORAR vk I 2 B0, RAb By ik 2 R A A
WC LA KRG 28 & S o, RERTERK, REAN B, #
T 5 S U ORH R OROH % - R B R T S TR 65%

- R IO 9 0 ket R R R - e U RO SR 2 TR
P AU S8 2 TR ) 5 B A T T ARSI RN A3 BT o SRR R 11
) ik 3 AT R AR (- R I R kT RO
ARG LTS 22 ASOM (- R B R A L B AR SR
A R S TR AR R B AT Z R Jy ik, Rk
2 DR HAE AR o —, WO RE I L Y 2R, B LA D
AW TE L T HGE, B E O R AR, ) naT DL
FIR AR YIOR BT B Je TR, DL A Y,
Bz N AR A K R AR B — A 2 AR I T vk
SIS, BT DL ST 1R A 22 A 2 TR B ARG N ) Oy vk A
FEHEE, U0 E P T SR R 2 R 5 IR
555 25 H A WL A 2 R I i, A FZ ok v G I
I 4% 5 014 B 96 R0 DA B S T AR 24 5% v % 11 4 A MR AN T
9% SR FW, UL 15 (VIV)IY EL TR D 2 Flod 24 %6 B [
150 S FH [ I 2 B A RIOR B — (R I 2 AR 24 1R 7 IR A
BT, W EN R R4

AWK FE I E 5 42, SR QuEChERS- = &k
AH 20 335 - R BT 3 X /K R e SR 4R 2 TR SR i AR
FETRPEAT R ARG, 5T 1 4F O HuFH ] 5% B 525, AFSE
T 26% IR R - EURL 4R 2R 72 W L i e 2K R A e
AR BR R AR e v, DI E AR A 2R . R
TR AR R R AR KRS e B, IR (i bk
2yt KR R IR R 16w ) PO (il TR A 2 5k B XU T
35 R ) T KRS rh S TR 4 2 T S T R TR B R £
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1.1 UE5RF

Agilent 1200-APTI5000 ¥ 5B X (G E Agilent 23 H]);
D-37520 7= & O HL(3EE Thermo Fisher Scientific 23\ ]);
IKA-2 i 5J3HL. GENIUS 3 IR & (i IKA 4EH);
ZX-DC RVAMRAL AL A F AR A TR A )

SRR Z RPRUE AL (BEEE 99.8%) FURIEBEbR HE A, (41
JE 98.0%) . R H R AR AE b (26 97.8%) (1
Dr.Ehrenstorfer GmbH A #l); 282 . ZNE (G iral, & E
Fisher /A R]); JoKBREREE(Tal, i) ), &Ubanr
Braf, Jeatih T ARSI E); N- L e (primary
secondary amine, PSA)., Cyg. £ 85fbfik ¥ (graphitized carbon
black, GCB)J3# & AHA AL R SN RBHCA R

/éa\ﬁj)o

1.2 LWrHEE
1.2.1 W £ %t

2018 4E 5 H—2019 4 2 H, 7E) V6. =/, %8
WL, IR TR U AR U 9 MBS 26% AR
B - G RO A £ TR S R LI ZE KRS F i PRI SE G . e
NY/T 7882004 4% 24 5% B4 i v ) YBERIF 28/ MK, 7N
X TR 100 m?, JitiZ5 704 0.06 g fil#)/m? (156 g a.i/ ha), i
FHIEIA R KRG 3~5 M4, DAZM B 2~4 M3, JitiZh 1k, REAL
HeF o 53 B /N

IKFERE il B0 R A SR 4 e Rl R R R A (J) i SR 4 X
PRIX 28 FARERE SRR o BFIAE S, BRI/ INXCR
2 MRS

FHAEMRAE AL IR T 12 A S BENLRFE i, 5
AR 1 ke, FRABESLAS R, FELrARiC.

FERRAE S 22/ N AR 12 AN S BENLURFE 5 75,
BRI 2=/ 1 kg, BRARRSLASH, VELARIC. X RERESD:
Bl i 3% B8 A0, T F B 5 b, s oo BERE
L,

FESR LS FES YN A G 0 AR S a0
Rl i, AF S Ja R RRAE, FR2E(s 8 B s
W H g . SRS . PR GRS  FESRARR . RRARSR O

MRS B . SRUIRIRGRA . SRAE H . FHIRISEEG A 2 PR 5

o it it TR SR A (BT ) S5 S BV R (IR T
~18 °C) {17«
122 HSara®

(OFEFE . REK L FEFFHEERL

FREUREFE JREK FEAFRESD 1 g T 50 mL B0, i
A10mL 2% R A5, | g EALENT 4 g TR RREE I T4
B, )% 2 min, 5000 r/min F .0 5 min,

QFFIC . REkEL

LB, BRI L3RS 1 mL F
10 mL &0, 433l X H A 50 mg PSA, #§3 2 min,
£ 5000 t/min 25 FELy 5 min, B2 1| mL 3L
0.22 pm FAFLUEME, U8R b AL .

OFEFHEHL

[F]1.2.2 2y ¥britil, FK 50 mg PSA 4 50 mg
Cis 5 15 mg GCB BIv], AR 51.2.2 (2)—FE.
123 BELEH

(DG4

WAH 3% A . Waters XBridge-Cis 0,1 #1: (150 mmx
2.1 mm, 5 pm); FE: 20 °C; #H: 0.25 mL/min; #EFEa:
SpLo VEMGS&MFIR 1.

=1 SEMECHE. SREEMERERNEILRREYT

Table 1 Chromatographic elution conditions of fluroxypyr,
cyhalofop-butyl and cyhalofop acid

s} 8] /min % 0.1%H BR7K/%
0 30 70
2.00 90 10
5.00 90 10
5.10 30 70
10.00 30 70
Q)4

B F U5 e W %5 B F B (electron spray ionization,
ESIH/ESI-); 8T IR 450 °C; 4k 40 psi; &Bhm
P 40 psi; AT 35 psi; B HIE: 5.5 kV; Rz
AFTHFE: 10 Vs REREEE W TR R 13 V3 76 2 31 R Wi
(multiple reaction monitoring, MRM)# =X T FUAR B . B
R A UL A L BRI S S O3 2.

®2 ZERNBENEXTEAMNEZER,. SAEEREREBRNRILESH
Table 2 Mass spectrometric parameters of fluroxypyr, cyhalofop-butyland cyhalofop acid under the
multiple reaction monitoring mode

s £ B4 ) 8] /min TE B X (m/z) TE B X (m/z) LR RV filf i e /e V
AT H L8R 7.36 255/181.3 255/209.1 50 28
IR 6.27 255/209.1 358.2/256 50 18
358.2/183.9 130 47
IR AR 4.90 358.2/256 300.1/228.1 130 20
300.1/228.1 ~100 -20
300.1/208.1 ~100 -30

VE: R BT RS s K (AL I ARt e AR
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1.2.4 AR BB BAT A W 4R 09 40 %)

A3 ISR A 2R | AU B i B R B PR A TV TR
10.0 mg(AFHIE 0.0001 g), F ZHEFBERL 0.005.0.02.0.01,
0.05. 0.2, 0.1 F1 0.5 mg/mL 5| TAE%W, BIFEIAC

H iR afgse . REORFIRSFFRIOR, # 10.0 mg/L
SN SR U R U B R AT VAR B R 0.005 .
0.02, 0.01, 0.05. 0.2, 0.1 Fil 0.5 mg/mL F 5L brifER
W, 16 ERIE T IE, DERMEZRR . FURSEE
R R R AR VA BOAR BE (X, mg/mL)-5 W I 2 1 W T ()
YEFRIE MR o
1.2.5 FEHEE

SERGT B WU S A | mg/kg; CTF-20 °CrkAH;
WEEmfEAy od 1A 2N A V3 A4 A LS A
6 MH; WAEkeEsh 2 ANEE ., HIEDRE RIS AR I
IKFERARES 4 kg, BRF-20 °CUKFEH & H o BEffZ 4 A (D
.

D= C"C;ch x 100 (1

K, D-FEARAR, %; Co-FERMAIRIIATRIE, mg/kg; CHEARAY
Fori e B, mg/kg.o
1.2.6 FAnE L £ IS

A AR, BEORHRFSFFFRES I 0.05, 0.1, 0.5
mg/kg 3 MARERERMNE LR . FUREES . FURE AR
WEVS T, FRE 20 min, RBFIGHELEER“1.2.27 ks
KFEEE S, LA IR SEEE 50 Ml
1.2.7 JBERAEITH1E

[ A4 554 H A B (national estimated daily intake,
NEDI). #/Ax(Q2)i15H

NEDI = (JSTMR x F)/bw ©)
JAUBS: T (risk quotient, RQ), #/AF3)HITHE .
RQ = % x 100% 3)

. H, STMR (supervised trials median residue) N }IIE5% &4
SIS HPE, mg/kg; FON—RABEXEA S YITE T, ke
bw AR, kg; ADI (acceptable daily intake) &% H A
VFEAGE, mg/(kg'bw); RQ<100%H}, ER XU 24k T Al
2K, RQ=100%, KB AL T A AT HE52KF-

2 FER5HH

21 ZMXRAREER

TE 0.005~0.5 mg/kg AL, FH5T | Rk s 1
SR 4 R R B TR R R R Y A O R B
0.9962~0.9997 Z Jiil, fe/IM A 2.5x107"" g FAR T
H7KE2R 0.050 mg/kg B, FE5¢ . Fephr L AEFT Hh SR 2
PR . TR i R TR SR R 1 [ WS A A SR R A I R,
R4 0.050 mg/kg.
22 MAREINRSEREE

VNI 0.1 mg/kg FIRILA LR . TR TR AU R
FRAEAE b ) ST TARAE S s & 1 R o 3 R ep
SR A 2 TR | IR R R USRI 1) S DA I I 4 S AE
734, 6.27. 4.90 min 24 o

Fie EIRAURE A, BEFT 0.05, 0.1, 0.5 mg/kg 3 MK E
WIS, RS, REK . AT SR 2 R VS i [ul
W TE 90.6%~98.0%, Wl A L OEE A [l gk AR AE
91.9%~97.9%, U IR AN B ATE 80.5%~98.4%, 1F
A BR B S R, T B ARSI A e AR XA
{24 (relative standard deviation, RSD)4 0.7%~9.2% (3% 3),
FUZ LW | B RO A, AT LA
Pl 255 B A3 T 255K

®3 TRERPEFRUEZE. SREMHEMEAEIRNTMNEYERBXIRERE (N=5)
Table 3 Average recoveries and relative standard deviations for fluroxypyr, cyhalofop-butyl and cyhalofop acid
in different matrices (n=5)

FHRMA L R IR
LR TRVl /(mg/kg)
EEE A RSD/% EEE A RSD/% B3 /% RSD/%

0.05 95.4 6.3 95.1 2.8 83.6 3.0
Feioe 0.1 96.1 4.6 95.6 9.2 85.6 7.9

0.5 94.8 7.1 93.2 3.3 98.4 12

0.05 96.8 2.3 92.7 5.9 91.6 1.5
RS 0.1 94.7 6.3 91.9 9.0 92.4 8.2

0.5 98.0 0.7 92.6 52 96.9 2.3

0.05 93.8 3.4 92.8 42 80.5 3.5
TEFF 0.1 90.6 5.7 97.9 4.7 81.9 2.2

0.5 96.4 3.1 97.3 3.1 92.6 6.5
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7.34 ) 7.34
1.10e5 148
1.00e5 [ 1.2¢5 |-
9.00¢4 [ i 1led -
8.00e4 [ Mogesa [
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B 7.00e4 [ & g0ed [
B 6.00e4 [ £ 7.0e4 L
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1.00e4 [ : 1.0e4 |- .
0.00 00 o o ML
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fi [F]/min X Fi[A]/min
REFeEFRIRNO.1 mg/kg EHMLA LR BEKFEFTARNO.1 mg/kg FEMA LB
9.0e4 | 135 23575 ¢ 6.27
8.0e4 [ ook
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B e | 1800 £
a 0-00% ¢ 1600 £
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it 1] /min N i ] /min »
FEFFELBRVRIN0.1 mg/kg REMA R TSI INO.1 mg/kg I LS
1485 25 1955 6.24
- 1800
2 C i 1400
bt 1888: 1 1200
%1 ggg B 121 1000
= 600 [ £ 800
500 [
200 [ 600
i
108 10.31 7 208 4. e
05 15 25 35 45 55 65 715 85 95 05 15 25 35 45 55 65 75 85 95
Bt ] /min B} /] /min
REKEEFREIN0.1 mg/kg FHEER FEFTERRANO.1 mg/kg A LIHE
298 4.90 2806 + 4.90
2.6e6 | 2.666 |
2.4¢6 | 2.4¢6 |
2.2¢6 |+ i 2.2e6 |
m 2006 | 2.0e6 |
B =
= 1.4e6 [ Bl !
= 1266 |- £ 1266 |
= 1.0e6 1.0e6 |+
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6.0e5 + 6.0e5 |
4.005 [ k 4005 [
2.0e5 + 2.0e5 |
oo o v v b e 00 v v v
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. . BE)/min fi (8] /min
TR RAIN0.1 mg/kg BB LR BEKFEFRARIN0.1 me/kg SRR
3% 4.90
.Oel -
57006 |
g
g
= 1266 |
1.0e6 |
8.0e5 |
6.0e5 |
4.0e5 +
2065 |
oot - . L
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I} & /min
FEFTFHRLRAIN0.1 mg/kg FORAEIR
IR 1t 7 s R ceR A

Fig.1

Chromatograms of spiked samples
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23 REMXEESH

K5 NY/T 3094—2017, R bt kM, 7€ 6
A A G R, RS oK AR AR A LR . W
TR B R R YRR R R A 2.2%~16.8%, KT 30%,
PSR R TE 83.8%~95.5%, LIRSS MoK FaAt bk b
AR R . TR TR R TE-20 °CUKAE 6 ™ H
SERRRAE o A0 I 20 4 R P8 OM A B A g 2 I A
FORE R B ERA KRS 521 d B2, JHH
TE-18 °CHAFF, FRAERRE KR T i F o WKk 17
ANH, RS EAE IR BN 25080 Ko SR (VN2 1
FHRTFRFONEZ D) P EFL AR EDE 24 SHN
FERRENY, KA BT (EORARE) | e R B (s - SR
WaRZ) e T B T3 CREECAYE SR AT RORYS i ) 0 35 o (6 Kk )
AR R 2/ F0E 10 AN H o PR I o) A5 1) W 6 4
4 Jmj(Buropean Food Safety Authority, EFSA){R45, i#f7-7E
~18 °CHMFTF, FAMKRMMEFE S AR A R . =
SRR BRI AR E R 10 M
24 RAKRESH

FE 2018 4F 9 Hu(ZCHL . WiTT. WIRE . YRS, UL,
ML B TP s RIRASRE KR, T R RS R
SRS 2 TR R B /N T 0.050 mg/kg, FrA REAREG P
FIRENA 6 MM B ME/NT 0.050 mg/kg, 53 3 M
5% B MH7E 0.050~0.063 mg/kg Z [0], AiA FEAMAR S AP s Sl B
PR 5% R 1635/ T 0.050 mg/kg; FIr A RS FFFE i Hh SR 4 2
R 5% B A Y/ T 0.050 mg/kg, FrAFEFFRE G U R R g
A 4 DMEERTREAE/NT 0.050 mg/kg, 75 5 ANEE LR BB (E
7E 0.093~0.132 mg/kg Z 8], FrAFEFFAE ol hRU R AL IR 5k 2R
fH¥/NT 0.050 mg/kg. LA Fa% B (AT 30 EHE A K A
YRR A R . URURRR | U IR 17 e e 4 PR

g (maximum residue limit, MRL){H .

25 BEEXKEITEWG

SR A £ R S e A AL A R L U R 1Y
ADI{H 435124 0.02 mg/(kg-bw). 0.01 mg/(kg-bw), KiFJE
Tk S HA b, AR H STMR {HHEAMIXT K NEDI, Hp
T BRI 1 3 5 4 R v [T > D o 2 T L R B >
T > ¢ S > YA I > > AR (MY o 30 XU i A
W, A AR A R R BRI SR AR 2R . U
FERAY S NEDI 23314 0.0596 mg 1 0.0120 mg, 4035 4 fir
IR, PIRARZ 535 i H ARVF B AR Y 4.73%F1 1.90%, $fi
HE/NTF 100%. S5 H KW, #% BR AR e mbaie
KRR ATt 26 %75 6 5 R - S TR 4 £ TR 5 i Ll
Fie, AR B A R A AN R 452 1 XU

3 Hit5iTie

KRG NS E R EEY, SRR MR SR
IR TR 2 K R R (e P A R 5, T 2 A T £ P A K
FH HORA AT DA SE 7 2% S B vk (77 A, 3 AT LAY R BR 5
S KA FHBRELFRITF & 1O TE A . ASBIFSE LA KR v (8 FH 4 Bk
FR SR 48 2R 5 < IR RN U i I BE TR X 42, DARESE
Bk | FEFTVE M EERT, TP 1 4E 9 #, 423 2e8 . WivL.
WiEE . W, P, AR B TV, o, B 4R
SR 57+ B3 7 51 G St A 2 T S i A R TR 1 5 P LA R
P S S A A AR P R B AR R 150, X T RS A 1A

AR HET QuEChERS FiibEE AR, >R SRR A
03 - R BT T X KR R SR S TR | SR R AR
R ER EAT R AT o X K AR h AR A R . A
S TR R S TR PR A A A M R AR RO, UK
M4 2 1R 5o TR AN SR B TR A B 2R A L KRS R S i
AR . TR R AN R R 1) 4% B 43 AT R RURS: A
b B S A

*4 SEMEIHRFFEHENEEMEZE. SREREERNKITRE
Table 4 Risk assessment results of fluroxypyr-meptyl and fluroxypyr, cyhalofop-butyl

REHHE (=27 ELYLUES [ At /kg

2% R b IR e A U

NEDUmg 1 CIFHASE R

/mg /%
INEE
R 0.2399 0.2 WRILHIRE  0.04798
ERMAZ SRR K
FIL A i DN X . . iva % B PIK .
SRR LR EP/S HAh 4 0.0233 0.5 e KB R B 0.01165
Hopb = 0.7654
A1t 1.0286 0.0596 1.26 4.73
» KA oK B L] 0.2399 0.05 BARFEFRE 0011995
R g
HAh &+ 0.7887
A1t 1.0286 0.0120 0.63 1.90

TE: A Pr*: 246 SRS LR 57 T PRI 46 2 R 5 U

EARZRIC A BRI Y AR
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