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Abstract: A method for the simultaneous determination of quinclorac and its metabolites in soil by ultra-perform-
ance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS) was established and the dissipation dy-
namics of quinclorac under lab conditions was investigated. The samples were extracted by acetonitrile containing

1% acetic acid and cleaned up by C18. The analytes were separated on a C18 column (50 mmx2.1 mm, 1.8 pwm)
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and quantified by UHPLC/MS/MS system with selective ion quantitative determination in positive ion mode. The
results showed that this method has good linearity in the range of 025 ~1 500 ng-mL™" under the optimized analy-
sis conditions with coefficient of determination (R*) of 0.9993 ~1.0000. At the spiked concentration of 0.001, 0.03,
0.3, 3.0 mg-kg™', the recoveries of quinclorac and its metabolites in soil were ranged from 78.20% to 110.58%,
with relative standard deviation (RSD) of 1.43% ~8.98% . The limit of quantification (LOQ) of this method was
0.001 mg-kg™'. At the initial spiked concentration of 0.3 mg-kg™', the dissipation half-lives of quinclorac in
dryland soil and paddy soil was 256.9 d and 96.9 d respectively; however, at 3.0 mg-kg™' spiked concentration, the
half-lives of quinclorac in dryland soil and paddy soil was increased to 702.8 d and 113.2 d. Quinclorac methyl es-
ter was formed in paddy soil after 60 d and quinclorac methyl ester was formed in dry soil after 7 d of incubation.
The developed method is simple, sensitive, accurate and rapid, and could meet the requirement of residue detection
of quinclorac and its metabolites in soil. Evaluating the fate of quinclorac and its metabolites quinclorac methyl es-
ter in soil is important in residue control, environmental risk assessment and the rational use of this herbicide.
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Fig. 1 The structural formula of quinclorac and

quinclorac methyl ester

ACQUITY UPLC %! HSS T3 C18 {fi%4:(50 mmx2.1
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Table 1  Soil physical and chemical properties
B i+ ket
Index Dryland soil Paddy soil
B AR (mg kg™
(mg-ke™) 0.8321 0.7256
Ammonium-N/(mg-kg™")
HAA/(mg-kg™!
Hme-ke ) 05565 00723
Nitrate-N/(mg -kg™")
KA (mg-kg™")
Available potassium 581.6 940.1
/(mg-kg™)
AR/ (mg-kg™")
Available phosphorus 7953 9.723
/(mg-kg™)
AP/ (mg kg™
Plme-ke ) 9446 2157
Organic matter/(mg-kg™")
pH 6.364 7312
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Table 2 Retention times and MS/MS parameters of quinclorac and quinclorac methyl ester

(aer? R B IR ] /min o FE T (m/2) TET(m/2) HEFLHLR/V AR L I eV
Compound Retention time/min Parent ion (m/z) Product ion (m/z) Cone voltage/V Collision energy/eV
ZAMEMRR Quinclorac 271 (+)242.042 224.118" /161.136 54 17737
A MR P TR .
294 (+)255.889 223.950" /160.989 70 1738

Quinclorac methyl ester

TE e T,

Note: * quantitative ion.
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X
/
cl
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cl N N
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_ F al Cl
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Fig. 2 The cleavage mode of quinclorac methyl ester and quinclorac and the corresponding product ions
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Fig. 3 Recovery rates of quinclorac and quinclorac methyl ester in dryland soil and paddy soil with different extracting solution
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Fig. 4 Recovery rates of quinclorac and quinclorac methyl ester in dryland soil and paddy soil with different purifying agent

Note: PSA means N-(n-propyl) ethylendiamine; GCB means graphitized carbon black.

PR BRIV R 4 5T 1 1R B (x ng -mL ™), AR R (y) K
AENE AU TET AR, 25 il bl T 4, — (s ot 1) [l I
FERIAHOC RN R 3 FioR . 45 R Bon, M Ik
R AR 5 ) — &8 v mk iR P 1R 7E 0.25 ~ 1 500 ng -
mL ™ VR RN A R AP IR SE &R [ 3 Hr al
HRZBU(RY) N 0.9993 ~1.0000, 38 12 70 [ i 526,
DL dge/ NS N v B A S 12k 1) 2 R BR (LOQ), — 5 M
W Ao LA ) — S kR HH 1 775 LOQ 24 0.001
mg-kg_1 JEEHANER 3 s,
2.4 BInEBOREE S

FHAS B Z A M Wb B LA — SR s bk FH 1

x3

() 7K R b A ARSI eI s B, 25 R R TR
0.001.0.030.0.300 F13.00 mg-kg ™' 4 PEMAFET,
SR A KA e s R R e A A — S s bk
ik P 5 1) [ e 6 7E 78.20% ~ 110.58% =[], AH %
ER 2% (RSD)TE 143% ~8.98% = [6], WA )5 k14
ARG (ARG B B R B A7 5 AR 245 5% BR 0 B 1 22
REF4), KR LONRHEE 0.3 mg-kg™ ) MRM
FE I 5B,

WK S Fros, 28 FOKRE £ Ao & S e mk iR
HACHHY) — A s R H R, 100 d J5 KRS ik
AR , I HA S R AR

"SI ER R H A — SRR R B R m AR AR R E(RY) FIEE R (LOQ)

Table 3 Matrix effects, regression equations, coefficient of determination (R*) and limit of
g q

quantification (LOQ) of quinclorac and quinclorac methyl ester

aw B BETRLI Yo LR
. . . . R’ LOQ/(mg - kg™")
Compound Matrix Matrix effects/% Regression equation
75 Solvent - ¥=3627.7x-15995 0.9999 -
L N
i+ Dryland -6.517 y=33913x-6519.9 1.000 0.0010
Quinclorac B
JKF&+ Paddy soil -6.357 y=3397.1x-8790 4 0.9997 0.0010
) 771 Solvent - y=16530x-22807 1.000 -
TSR MERRER g
i+ Dryland -1742 y=13651x+96636 0.9993 0.0010
Quinclorac methyl ester B
JKF&E+ Paddy soil -1332 y=14329x-83783 0.9997 0.0010




Ha 104756 S VEMRIR B ARSI 5% 2 (¥ QUECHhERS-UHPLC/MS/MS 43T K H = U T i s A5 1T 52 401
F4 Bt KTELT P SEER R XA G Z SEMER P B AR EB 0 RSD (n=6)
Table 4 Spiked recoveries and RSD of quinclorac and quinclorac methyl ester
in dryland soil and paddy soil (n=6)
BINIKF-
Spiked concentration
fe2h Fe 0.001 mg-kg™' 0.03 mg-kg™! 03 mg-kg™! 3 mg-kg™!
g Kg g Kg g°Kg g Kg
Pesticides Matrix [A] 3% /% I i 2% /%
/% BT /%
Recovery RSD/% RSD/% RSD/% Recovery RSD/%
Recovery rate/% Recovery rate/%
rate/% rate/%
b+
89.56+0.0434 3.89 89.29+0.0832 745 81.73+0.0444 3.63 78.2+0.0592 4.63
&Mk Dryland
Quinclorac KA+
. 86.59+0.0526 456 88.53+0.0416 3.68 81.8+0.0296 242 84.08+0.0170 143
Paddy soil
N b1
90.23+0.0692 6.25 88.02+0.0723 6.36 101.5+0.0606 6.16 9442+0.0947 8.94
H fig Dryland
Quinclorac IKFE+
1003+0.0551 5.53 110.58+0.0177 1.96 103 47+0.0401 4.15 90.7+0.0990 8.98
methyl ester  Paddy soil
TE :RSD /R A X hR i 22
Note: RSD means relative standard deviation.
RT- 2.80 NL: 1.55E3 RT: 271 NL: 9.18E4
RT: 0.00~5.00 i /7=223.61~224.61 F: + ¢ ESI RT: 0.00~5.00 2 /2=223.61~224.61 F: + ¢ ESI
100, (a) AA1937 TRy ¢ 100, (b) AA1252758 SRM ms2 242,042 ¢

o 30 ! [161.135-161.137, g 80 | [161.135-161.137,

2 28 J ‘fm;,,}wv 2411724 1 MSICIS - & 60 [ R 208 224.117-224.119] MS ICIS
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Fig. 5 Chromatography of paddy soil matrix blank, quinclorac and quinclorac methyl ester solvent standard and matrix standard,

sample with quinclorac and quinclorac methyl ester in paddy soil

Note: (a) Paddy soil blank; (b) 0.075 mg-kg™" solvent standard;
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(c) 03 mg-kg™! addition; (d) 100 d sample of paddy soil.
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Fig. 6 The dissipation of quinclorac and generation of quinclorac-methyl ester in dryland soil and paddy soil
x5 —SEWBRESMTIKELPRERITSH
Table 5 Dissipation parameters of quinclorac in dryland soil and paddy soil
e POBLIEE] AT HIE R E(r) S =2 41|
Matrix Treatment Resolving dynamic equation Correlation coefficient (r) Half-life/d

S+ Tl C,=02314¢700026%¢ 0.8619 2569

Dryland T10 C,=2225¢0000986 0.7271 7028

JKFE+ Tl C,=0.1589¢000612¢ 0.7936 96.9

Paddy soil T10 C,=1.8174¢7000715¢ 0.7563 1132

. T1 /R 03 mg-kg™' ;T10 3578 3.0 mg-kg™'
Note: T1 represents 0.3 mg-kg™'; T10 represents 3.0 mg-kg™'
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