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Determination of cyhalofop-butyl and its metabolites residues in foods of
plant origin by QuEChERS-liquid chromatography-tandem mass
spectrometry
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Technical Center, Alar Khazar 833418, China)

ABSTRACT: Objective To establish a method for determination of cyhalofop-butyl and its main metabolite
cyhalofop acid residues in a variety of plant-derived foods by QuEChERS-liquid chromatography-tandem mass
spectrometry. Methods The acetonitrile contain 1% formic acid was used as the extraction solution, and the

QuEChERS dispersion solid phase extraction method was used for purification. Electrospray ion source was used for
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mass spectrometry. Data were collected simultaneously under multiple reaction monitoring mode with positive and
negative ion switching. Results Under optimized conditions, the limit of quantitation of cyhalofop acid could reach
0.01 mg/kg, while that of cyhalofop-butyl could reach 0.02 mg/kg. The linear relationship between the 2 kinds of target
substances and their mass concentrations ranges from 0.05 to 2.00 mg/L, with correlation coefficients (r?) all greater
than 0.99. In 3 kinds of spiked levels of 10 kinds of plant-derived matrices including brown rice, wheat, soybeans,
peanuts, apples, peaches, tomatoes, cucumbers, spinach and tea, the average recovery rate ranged from 68.7% to
106.7%, with relative standard deviations ranging from 0.6% to 14.3%. Conclusion This method features simple
sample pretreatment. Its accuracy and precision meet the requirements for residue analysis. It can effectively eliminate
interferences from complex matrices, satisfy the simultaneous confirmation and quantification of cyhalofop-butyl and its
metabolite cyhalofop acid in plant-derived foods, and is suitable for routine monitoring and risk assessment of
cyhalofop-butyl and its metabolite in large batches of plant-derived foods.

KEY WORDS: cyhalofop-butyl; cyhalofop acid; liquid chromatography-tandem mass spectrometry; QUEChERS
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1 #MR5REE

L1 #R5EF

SR Bk AL WK, SR REK . NEL REL
e . RN E A A AR T

TR BR . FURRE TR AR UE (2 >98%, 1 [
Dr.EhrenstorferGmbH A w]); 25, HEE, HER(Eig4l, Jt
U I B B A R, & M -N-TR R EE B Ab R
(ethylenediamine-N-propylsilane silica gel, PSA, 40~60 pm).
A1 A4k p B (graphitized carbon black, GCB, 40~120 pm) . +
J\Be e fiE b B A i B (octadecylsilane-bonded silica gel, Cg,
40~60 pm)(CREEHSEARRBHA RAA); FAbih. ToK
TREREE (b, Rir—ufb THRAR).
1.2 UE5K%F

TSQ Quantiva Y AH €03 - = 5 PU AR AT 53 BT 1AL
MultiTube Vortexer 231 i iEHRY % . Heracus Multifuge X3
i B0l Hypersil GOLD C g 3% H:(2.1 mmx100 mm,
1.9 um)(ZE [# Thermo Fisher Scientific /A 7]); N-EVAP 112 %!
ST (35 E Organomation Associates /A ] ); ME204 #ff
FE-FER) Z2 RV (3 BN 0.1 mg) . ME2002 A4r i) -
TR ZHFRFEGEER 0.01 oL -FLR 2 A
F]); 0.22 pm A HLIERE R A SRR BH A IR A E]D.
L3 WA
1.3.1 wTR®EI %

HERRRIBCES . B, . BURN. BESGEME 10 g, B
Ko /NE L KRG AR S g, A5HHEAE 2 g(FETH ZE 0.01 g)
F 50 mL B0 H, A 10 mL /K (10 mL 1% f&- 257
W 6 g FALHN. 2 g TOKBRIREE, #9HElR] 1 min, 10000 r/min
B0 5 min, BUEIE, T 40 )CASRKT, P 1 mL L%
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f#ERARY, Frdfl.

SERL MR Foh . BUR . BESRILT N AR LRI A
50 mg PSA . 10 mg GCB., 150 mg Jo/KBRBREE ARl 2.8,
Rk, N R ARSI 50 mg PSA
20 mg Cg. 150 mg Jo/KBRFREE M SR .08 v A5 I35
AR LM A S 50 mg PSA . 20 mg GCB, 150 mg Jo/K
B EREE IR O F, IRHEIRS) 1 mins 5000 r/min &0
5 min, JEER, T 40 CABRATRT, A 1 mL 50%H
FE-7K, WWHERAT 1 min, 32 0.22 um AALIERL, AL,
132 BBEH

(D)W 38 251

fa35%+E: Hypersil GOLD Cjg (2.1 mmx100 mm, 1.9 um);
FEIR: 25 °C; FahAH: A #K 0.1%H R, B #HN FHEE, #E
VEWLFR 7 W3 1; dbFRE: 5 ul; JiEE: 300 uL/min.

QBTG4

B FUE N ESTIR; MR 3.62 L/min; HBISRE:
7.97 L/min; 3E®BIE]: 200 ms; FREEER R £ =0 Wl
B A SN 2 fis .

1.4 FIREAIE

B R4 5 AL PR A Thermo Scientific Xcalibur™ 4.0
CAESG . FARZHIR Microsoft Excel 2010 #fF; EHE
#5H1% M OriginPro 2024 # /{4,

2 FERES
2.1 JRIERHRERE

ARAFFE R TSQ Quantiva AR 4, 1% - = T DU AT 55 Bk
U, 7 Z RN WA R X B AR P4 T R PR e A
Mro 282 08 T IR B TR B LA U R R 9 o i R 4

S RS R R I T RERI AATE, £ ESIHEF
RIS L ki, 5 TR KRR, BRFHE
PERYREE B9 [M-H] A (E 1a). MR, SRR A
e = 5% HL PR SRR, 7E BESI(HMA T AL LAY [M+H] i &4
(B 1o)fE SRR s, ST, Nz 58 AL o Sk i s 7
PR, BA AR BST YRR I 50 B g 1 1 1A I A 1 PR
i 5 A Bk B, X AR B g AR B TR R Ok
2.2 HmEILEGIERIERE
FBER 045

TR R FRYE 2 1F Tl kg, 7R Ik K v ok
ST K f R BN, AESRERE SR, SRR R K A
P FEREFRPRIUA R pH & FRT, DUREK . NEE L #ER
SERL Bk . SR ASMORBRE AT S, FERREG AR,
KBRS pH g 1.5, 2.5, 3.5, 4.5, 5.5, HIHEER
S AN R R A AR B EISOR, AR ILIE 2, S5 EUR,
TEARIUAZR pH 2y 2.5 F1 3.5 W, 5 S48 15 R0 2 R 14 [m]
WO o YARBOR pH RS, SRBCGICR AR, R
SERBUA R pH Ry 2.5~3.5,

2.2.1

®1 RECESRERREF
Table 1 Gradient elution program of liquid chromatography

Bt ] /min TSI A% BN B/%
0 90 10
1.0 90 10
5.0 10 90
8.0 10 90
8.1 90 10
12.0 90 10

*2 EAEIEMREKHYERIERNEG

Table 2 Mass spectrometry detection conditions of cyhalofop-butyl and its metabolites

BET

FL I 55 LT

N . e BTIRE sope N
EW FEF(z) FL AR EfERIE/V R E/eV
(M2) KV /°C
PP 208* ESI(-) 2.5 300 96 10
T 300
: 208 ESI(-) 2.5 300 96 10
Pv— 256* ESI(+) 32 320 108 12
R R 358
120 ESI(+) 3.2 320 108 18
s SR T
a miz 300/208 miz 300/228 b5x104- 4x10°1
" %i%gz . L 3X107f o " mlz 3581256 35104k —m/z 358/120
4|
LR | & 2 g 410 &30
= i 2x107} i 3x10°F i 2x108
1. ol | % 2u10f - Eau
g 4X18§ \ E 5x106f | E 1x10%r ‘\ E 5x10%f
= 2x1 b | = 0 h = oL = 0 |
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

A4 B4 Bif 1] /min

Fig.1

1

4 B4 Bt 1] /min

£ B3 15} (] /min

HUIR R (2) FIHUR L BR (0) AR A R SR I T i 2 35 ¥ (1 pg/mL)
Extracted ion chromatograms of cyhalofop acid (a) and cyhalofop-butyl (b) standard solutions (1 pg/mL)
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Fig.2 Effects of pH of different extraction systems on recovery
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154 50 mg/mL, GCB i/at N 10 mg/mL., ME 4 A[ LLE
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Fig.3 Selection of extraction solvent (N=3)
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Fig.4 Selection of purification fillers for dispersed solid-phase extraction
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oL 6 P TR AR 43 ) S —45.8% Il —14.2% (M I g ), #4
HH AT 52 9 (| BE ROV < 10%) 0 R, ASBIFE i i 2R
FE TV FOA M 2R AT 8 B30, LA R B T A0y X a2 £
LAl

i HEAXR% TAE S5 4400 5 3L BOR A v VS W R 91, LA
R T 0 S T 1 O R B SRR AR, S g ) 3
WP FR TR 2k . 3R 3 25 R, R
VCRChREM K IE IR, BARYIZE 0.05~2.00 mg/L 365 Bl N 4k
PERRRALE, RERKCHIKRT 099, FARERM S
Mrivgisk, & FHFSEBait i PR S Gk (AR 25k B
ERBEBAKEWKI . 45E BRI T AT, FORE
FRAE BSI(—)REX T ma i {5 2 5 T U g, B0t 4k
BUH AR AR R, REET .,

24 FFEMEER. EWERFMBEE

L EFRY (0 15 (50 L IN= 10 W) 264G 5 FE R vk s
IR BE A R XPREAR L /N2 L R AEAE L R Bk
Tl WK, PESE . M2 10 Rl 8 TRE £ 0 R R TN
bR EDGRES o BRI 6 A TRE, IR (-5 R
T AR A R R R ISR R S i, R 44
RWBIR: AT 3 AW K E 1 F 2y gk Ay
68.7%~106.7%, AHXT A1 fE Ik 25 0.6%~14.3%, HIFF &
GB/T 27404—2026 & T TR o AW R FSMR LT T
SE b, X (A R AL B AR | R 1 R G 15R 2 M L A A o
M2 e G, AT ARGt S8 TR BE sl 4%
BSEFEARIR B AT T, SRR I /NS S0 fie 2 B4
SRR B A B PR ICERIE A Rk L N L K
A R M. Foah . BN, JESREE 9 R IR
FFHFRBEREERN 0.01 mgke, FEEREN TR
FA 0.02 mg/kg; A% I HH A0 S 0 2 R 7 R i 1) By
0.05 mg/kg,

®3 EREHMZEMEFRIAERY

Table 3 Matrix standard curve linear equations and determination coefficient

FIRE R HIRE Mg
e
iy PE R EL() Ay i PE ZH(r)

ek Y=156241+118527X 0.9965 Y=745.69+15692X 0.9967
N Y=6405814+489069X 0.9955 Y=-23.48+61600X 0.9933
PN Y=1829737+90961.5X 0.9964 Y=-575+26884X 0.9941
ek Y=142655+174277X 0.9905 Y=531+25101X 0.9932
R Y=3408845+398216X 0.9945 Y=367.99+52553X 0.9991

Bk Y=1261614+391640X 0.9990 Y=212.49+54503X 0.9995
At Y=28043+113282X 0.9947 Y=291.87+15249X 0.9995
YN Y=3455000+418269X 0.9967 Y=1107+50793X 0.9994
R Y=3054977+86250.3X 0.9951 Y=—1344+33067X 0.9906
Zemt Y=7172+7198.65X 0.9996 Y=190.67+1978X 0.9976
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Table 4 Recovery rates and relative standard deviations of cyanofluoxalate and cyanofluoxalic acid (n=6)
o TR R IR
K W ANK O /(mg/kg) Sl R /% RSDs/% B KF((mg/kg) Sl R /% RSDs/%
0.01 74.1 29 0.02 723 11.8
PN 0.02 82.5 6.8 0.05 74.0 8.9
0.10 75.7 3.4 0.10 76.2 9.0
0.01 84.7 6.2 0.02 72.4 9.7
INAE 0.02 81.1 4.2 0.05 79.4 7.4
0.10 85.2 9.0 0.10 80.4 6.9
0.01 88.1 14.3 0.02 71.8 6.5
Ko 0.02 103.1 7.8 0.05 713 7.4
0.10 100.2 10.0 0.10 86.4 6.8
0.01 94.1 9.8 0.02 70.6 1.2
i 0.02 96.3 9.2 0.05 75.2 10.6
0.10 99.8 6.4 0.10 79.5 10.8
0.01 106.7 3.8 0.02 68.8 11.3
FR 0.02 104.1 2.7 0.05 75.7 7.8
0.10 95.4 0.6 0.10 79.8 8.1
0.01 99.6 7.8 0.02 69.8 13.3
Bk 0.02 96.1 1.7 0.05 77.4 9.4
0.10 96.2 11.1 0.10 79.1 5.6
0.01 88.2 13.1 0.02 68.7 14.3
F Al 0.02 88.9 9.7 0.05 75.2 5.6
0.10 75.9 2.8 0.10 85.9 5.4
0.01 103.4 2.6 0.02 73.5 10.2
# R 0.02 87.6 4.8 0.05 80.2 8.3
0.10 97.5 4.6 0.10 78.6 10
0.01 89.3 3.9 0.02 73.7 10.3
i3 0.02 96.7 12.6 0.05 77.9 7.9
0.10 96.2 9.9 0.10 80.9 9.9
0.05 100.3 5.6 0.05 82.1 7.9
2 0.10 99.3 8.1 0.10 83.0 4.4
0.50 97.2 7.0 0.50 85.5 4.8

e FHXBRIER 22 (relative standard deviation, RSD),
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KA ST S 0 0 TS ) 10 HER AR FPEFL T
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W SWE, Tk ERRBEILT GB 2763—2026 #
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it BRI LM BIT A oR o TRUSRURE TR LEARL) TR A 2 AR T S e
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N0 5L 2% B RE LA S WS Bk BRI, sl f 1 DR SURS: D Jst 2
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