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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of forchlorfenuron and
its metabolites, including 2-hydroxy-forchlorfenuron, 3-hydroxy-forchlorfenuron and 4-hydroxy-forchlorfenuron, in
Actinidia chinensis Planch by QuEChERS-high performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS). Methods The chromatographic-mass spectrometric conditions, including mobile phase, cone voltage
and collision energy, as well as sample pretreatment procedures were optimized. Acetonitrile was used as the extraction
solvent, followed by dehydration and salting-out with 5 g anhydrous magnesium sulfate and 1 g sodium chloride, and
purification with a QuEChERS solid-phase extraction cartridge. The target analytes were simultaneously determined by
HPLC-MS/MS and quantified using the matrix-matched external standard method. Results Forchlorfenuron and the 3
kinds of metabolites showed good linearity in the range of 0—1.000 mg/L, with correlation coefficients (r) not lower than
0.995. The limits of detection and limits of quantitation were 0.0005 mg/kg and 0.002 mg/kg, respectively, indicating
higher sensitivity than comparable methods. The average spiked recoveries ranged from 82.1% to 112.0%, with relative
standard deviations of 0.4%—6.4%, demonstrating good accuracy and precision. The established method was applied to
actual Actinidia chinensis Planch samples treated with forchlorfenuron. In Actinidia chinensis Planch samples treated
with 20 mg/L forchlorfenuron, the parent compound and all 3 kinds of hydroxylated metabolites were successfully
detected. Conclusion The established method is simple, rapid and accurate, and is suitable for the simultaneous
determination and residue monitoring of forchlorfenuron and its hydroxylated metabolites in Actinidia chinensis Planch.
It also provides a more comprehensive technical basis for dietary risk assessment of related compounds.

KEY WORDS: forchlorfenuron; Actinidia chinensis Planch; high performance liquid chromatography-tandem mass
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Fig.1 Structural formulas of forchlorfenuron (A) and its metabolites

2-hydroxy-forchlorfenuron (B), 3-hydroxy- forchlorfenuron (C) and
4-hydroxy-forchlorfenuron (D)
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Table 1 Mass spectrometry parameters of forchlorfenuron and its 3 kinds of metabolites
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Fig.2 Ion chromatograms of a 0.5 mg/L mixed standard solution of forchlorfenuron (A) and its metabolites (B)
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Fig.3 Effects of different extraction columns on the recovery rates
of forchlorfenuron and its 3 kinds of metabolites (n=3)
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Fig.4 Effects of different extractants on the recovery rates of
forchlorfenuron and its 3 kinds of metabolites (n=3)
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Fig.5 Effects of different amounts of dehydrating agents on the
recovery rates of forchlorfenuron and its 3 kinds of metabolites (n=3)

23 FEEEFIIE
MK RA RRAE A R R

ARG B ST B AT i T T R EEFE AR IE . A
BREARAE S as R D, W& T RV 0. 0.001 .
0.005, 0.010, 0.050, 0.100, 0.200, 0.500, 1.000 mg/L
R SR B 3 DA S S DC e Aol AR W . [l et
FH 2056 T 1 R ) o s v 88 (0 5 7RI v LAV W, 4% R 1.5
HALER 51, DAV IBB e B R AR AR (X, mg/L), WA FR
HYNAEFR(Y), 2 4 B EBR 5> B 0 3 T VG B Am o i 2%
T2 [ A A AR B bR v i TR, TR AL A DG R B ()i
M KOF o MR 15 W HL B E K BR (limit of detection,
LOD)M LOQ, I SN=3 X [ (¥ i {55 & iy LOD, SN=
10 X0 e BE(EE y LOQ. 383 w771 -5 BB e il A
HEHTZR 1 REE PN ME,

WEE 2 iR, SMEIRAN 3 AT I 0~1.000 mg/L
TEE R R RAF, MHICRE(r)E 0.995~0.999 Z i), &
%y ik HA W SR 2 360 . LOD 24 0.0005 mg/kg, LOQ
4 0.002 mg/kg, ULIATEIZIRE X UL FAKOE-HEF T S, B
TRAIE A 0 K 2 B 5 v B . 15 ke A i U Ot 7 SR A
7 ARSI 5 1A L, LOQ B 4 f5 LA . B4k, St
JIR R L 3 R B e SRR 4 AL T b i rh SR
BB ME, HAXHERET 68%, J& T8 ME jul,
I, AHFSE R P VT B bR vfE 4 LIRS IE ME g B 4%
HOEATT

23.1

Xof Wl FE RN AR XA AR 22 P BRI, Z-URIUKSE T B bR 1Rl
WAL T 70%~120% X 0], AHXIHR HEfi 22 2100/ T 20%
BELZE B, TR T m A R o 3 R BRI I Jy T v
FEVTSE . RS RAT, ATk R ARk 5L ot b SR B2 H
LAV = 5% B 0 R 2 T R
2.4 FRMEHEAE ST

SR R JIT 38 7 2 o 9 W AR A A 2l SR ol e R SR B
RMSLE, 25 L3 4, RS MRAGH BT i BE N 5 mg/L FH&
20 mg/L, BBk AR P EMIREE AT R S 6.9x107 mg/kg
& 4.9x10° mg/kg, FREAKFEIE FF S 3 FiE
ARARI 7= % B Sk S Bt 24 Yk B T v B R B - 498 -5
WH R FE 45 A PR AT, 3R B AR 6.3x1074.1.2x107°
6.5x10° mg/kg; 2-F2IE-GMMRLE S mg/L ZbFE LT LOD,
10 mg/L .20 mg/L ZHE4M514 1.5%x107* mg/kg . 1.1x107° mg/kg;
3-FRIE-SAMEIRAAE 20 me/L AbFRAG H, 5% B 3.9¢107* mg/kg.
FREE S A HT BN, 4-FR ISR A A, o5 B
TR ER L5390 9.13%. 7.58%. 13.14%:; 2-F3HE-SAnHk R
TR AL 5 H R 0.93% . 2.25%; 3-F3 k-G ML AR v ik
FEALIR A HE 0.79%. 3 AR B G AR 10.00%
8.51%.16.19%, UESZSHIMLIRAERRAER AR Py ] k2B 4 S Ak %
1k, Hfm ik B A 7 v s B

EL A T 5% T S Sl JOR 76 A R A R AT 2 ol 0 3 AR A 1
Y, Bz 2 TR, WA e FE FE X
G0 AR GY 4-3 LR A s HL o e, 5B
A SCHR1E58 B APF9CR SR SRAGI, S KRR
GO R, SO R R SBRaR B EE L ZE b, AR
AL IREBE R SRR 5% B R B KUK, S ABRSB ARGt =
R 4B EM AR IR AN, X 58 2 A Bk L IR 22 4
Wt arah s,

F2 SMRRERHIERBREERPHEXRZE. MEs. LODs #1 LOQs
Table 2 Correlation coefficients, MEs, LODs and LOQs of forchlorfenuron and its metabolites in Actinidia chinensis Planch matrix
W ﬁﬁ%;(fiii@ et AHR R AL MEs/% LODs/(mg/kg) LOQs/(mg/kg)
SN 0~1.000 Y=5.25819X 0.999 -83.9 0.0005 0.002
p 8 0~1.000 Y=36.8808X 0.995 —68.1 0.0005 0.002
3-FR Akt 0~1.000 Y=21.247X 0.996 -73.8 0.0005 0.002
4-FHE- LR 0~1.000 Y=21.781X 0.998 —78.2 0.0005 0.002
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R3 SRR ER = BRIR YR BT 40 T B R R AR R E R ZE (n=6)
Table 3 Average recovery rates and relative standard deviations of forchlorfenuron and its metabolites in Actinidia chinensis Planch
matrix (N=6)

HFR WIN7KF/(mg/kg) Sl ElEA A XA O 22 /%

1.0x10°? 112.0 5.9

SR 5.0x107° 95.8 5.3

2.0x1072 89.7 3.0

5.0x1072 86.9 1.7

1.0x107° 88.1 1.4

. 5.0x10° 85.7 0.4
2-FRH -GNk

2.0x1072 82.1 1.7

5.0x1072 83.5 1.3

1.0x107° 90.3 4.6

. 5.0x10° 86.9 1.0
3-FR -G MR

2.0x1072 82.4 1.1

5.0x1072 84.8 1.8

1.0x107° 105.8 42

. 5.0x10° 88.0 6.4
4 HL -G IR

2.0x1072 84.2 1.9

5.0x1072 86.8 1.3

R4 FRRBAERAENLE R (n=6)

Table 4 Test results of Actinidia chinensis Planch samples (n=6)

A B 5 E VR FE /(mg/L) SR /(mg/kg) 2-FRHL -G IR /(mg/kg) 3-FRIE-GAMEIR/(mg/kg) 4-F2 IR/ (mg/kg)
5 6.9x107 6.0x10° A 6.3x10™*
10 1.6x1072 1.5x10* A 1.2x107°
20 4.9x1072 1.1x107° 3.9x10°* 6.5%x10°

3 wgSiie

AWF5E RS T —FhHET QUEChERS-HPLC-MS/MS [f]
AR B ARk v SR IR A LA ) Q- - R L 3-
PRI -GMNR . 4-3 I -GMIR) W A HT D i o 3 e 3 -
FTRE S SRR SRR AL PR RGN, B T LA N HREL
. 5 g ok MgSO, N/, 34 QUEChERS [EIAHALHL
/M 150 mg PSA . 15 mg GCB., 885 mg MgSO,)4 ki
AAREE S B Z T IRTEA SRRk R R R . AL
IR TRy IR, SEBL T X6 SR A A RIS P AR i =
YR AR S g b BRI, 4 B B AR L A
0~1.000 mg/L Joi e T B N 2R 1 06 3R AT, MG 2R 8(r)
YIARMETF 0.995; bR ENBCR A 82.1%~112.0%, HHXF
FRUEMG 22 0.4%~6.4%, ULEA T IEHER . A% HEE I
AR BRI TERR R IL T P Y 2 I5R ME, {HG# 1 3L FT DT
BObRIE 26 B, AIRME T LT3, PRIE T &5 5=mmT
S

TR R ARG E S22, 4 Hk DR R b AN AN AR
WIEAFRE, 5L R SR . B 2

BE(5. 10, 20 mg/L)¥ahn, BEA& Je A i 5k i K7 Sk
Fto 7E 20 mg/L ZbFRAIH, 3 FERSALARE ARSI
o A-FREE -G IRER B T LR (13.14%), 28 B {SURA: {4
SRAG PR AR B XU, L IR R 4- B SE- SR B 4 E
HAT AN RO, B JLAN A TR AL R X 4 PP AG £ 48 4
HAREREZ L.

SEA AL, AL EA IR wEEsED
KIAT GB 23200.110—2018 J5 BALE St S REEA; 3K
BB R 2- 58-S IR, H LOQ %:f; Shan
U E T e SR, RESL RS E R NI
Wang US55 5 0] 3 8058 F RS R MR Z T, ASBF5E
Bk 3 FRIELRSH I M A IR R, LOQ
% 0.002 mg/kg, REE BEFE; ATAFZLN REMIL,
Xop N Rl A AR 3 4 e R AR 5 (82.1%~112.0%); Fil il 5
Jo DU TR b o R 2R B0RS IE T 58 ME, T S Ak ik i &tk
R K FLAR = 3 B8 W 5 XUBS DA 4 T R A L o
. AR T TR

i b, AIEEAERE . REER . EEML, G
TRk b S IR K L2 A AT ™ P 1) [R] 25 R, B 6%
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