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was selected as the research object. A rapid method for the determination of bendazone, 2-methyl-4-
chlorophenoxyacetic acid, flusulfenoxuron and a total of 11 sulfonylurea herbicides in soil was established.
Liquid Chromatography-tandem Mass Spectrometry (LC-MS/MS) technology was adopted. Samples were
cleaned-up by stepwise extraction coupled with C.; solid-phase extraction, and quantified by an ACQUITY
UPLC® HSS T3 column using a 1% formic acid aqueous solution-acetonitrile as mobile phase gradient.
Combined with electrospray positive/negative ion switching multiple reaction monitoring mode, samples
were quantitatively analyzed by using LC-MS/MS. The results showed that: 1) A good linear relationship
was observed between the injection mass fraction and the corresponding peak areas for the 14 herbicides
at mass fractions ranging from 0.05 to 10 pg/kg, with the correlation coefficient of r=0.99. The spiked
recoveries ranged from 88.79% to 119. 48%; 2) The residues of acetamiprid in the inter-root soils of healthy
and unhealthy leeks in non-healthy growing soil were higher than that in healthy leek inter-root soil,
suggesting that ethofumesate residues might be potentially associated with unhealthy leek growth. In
conclusion, this study provides technical support for the application of domestic LC-MS/MS instruments,

and technical reference for the traceability of herbicides in farmland and the safety assessment of

agricultural products.

Keywords LC-MS/MS; herbicide residues; soil; detection technology
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Table 1 Conditions for mass spectrometry analysis of 14 pesticide components
W 25 &%%})ﬁfﬁ(m/z) ?%%Jﬁﬁtlﬁ(m/z) L e /V fﬂ‘ﬂiﬁ?ﬁ/ev
Herbicide Parent ion mass-to-  Atomic mass-to-charge Cone hole Collision

charge ratio ratio voltage energy
0 W% i % Nicosulfuron 411. 20 213.10".182. 10 10 12.18
it & Metsulfuron-methyl 382.10 167.10",141. 10 10 18.18
JH % Tt - Amidosulfuron 411.20 196.10",168. 10 10 12,20
BE W3 ik % Thifensulfuron-methyl 388. 10 141.10".141.10 10 17.24
FH % fif; 1% Sulfometuron-methyl 365.00 150.05".107. 05 10 20.40
fisk < it % Triasulfuron 402. 10 167.00",141. 05 10 18.22
S [ Chlorsulfuron 358. 10 167.10".141. 10 10 19.18
JELUME i Fomesafen 437.00 286.00",316. 00 50 25.23
S W it & Chlorimuron-ethyl 415.10 186.107.213.00 10 20,14
I W5 % % Bensulfuron-methyl 411.05 149.15°,182. 15 10 19.20
I 1 fifh (% Pyrazosulfuron-ethyl 415.00 182.00",139. 00 10 20 .42
Z HHE Acetochlor 270.50 224.007,148. 20 10 10.32
2 B 4 & 2-Methyl-4-chlorophenoxyacetic acid 199. 00 141.10",105. 00 50 13.34
K35 Bentazone 238.90 132.00".196. 80 50 26.23

TE T 7 oA 30 8 B 1 B BRI B 7, T AR 0 9 6 5 O3 BT, 5 R A A 2 — SRR X R TR i I AR I, B T
Y E AR W0 A7 TR SR O ik 8 7 RN ST, 5 R R Ak 45 — S AR X R

Note: Sub-ions with * indicate quantitative ions or primary detection ions, which are used for accurate quantitative analysis of the target and

correspond to the first column of the collision energy. No * indicates auxiliary detection ions, which are mainly used to verify the

presence of the target or as a supplement to the quantitative ions, and correspond to the second column of the collision energy.
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The relative signal strength (vertical coordinate) is the percentage of the detected signal strength relative to the maximum signal strength.
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Fig. 1
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Plot of spiked ion flow chromatographic detection in blank soil matrices
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Table 2 Limit of detection, limit of quantification and linearity of 14 herbicide compounds
. v g BLIRBR/ EER/
s LAY/ . AR
B B L P 7 MXREC (o) (ng/ke)
. (pg/kg) . . Correlation 7 .
Herbicide . Linear equation . Limit of Limit of
Linear range coefficient ) o
detection quantification
08 1 i
0.05~5 Y=957 887. 143 3X+21 292.692 9 0.999 1 0.003 8 0.012 8
Nicosulfuron
FH fifk e
0.05~5  Y=1402 020.0317X+38 912. 958 2 0.998 5 0.002 6 0.008 8
Metsulfuron-methyl
S e e
H’Eéﬁﬁ 5 0.05~5  Y=1 774 205. 380 6X+ 14 968.903 5 0.996 9 0.001 8 0.006 0
Amidosulfuron
56 Wy itk [
" .}M/\ e 05~5  Y=923971.971 3X+2 689.922 8 0.995 8 0.002 8 0.009 2
Thifensulfuron-methyl
FH e T e
0.05~5  Y=6 985 990.254 7X+276 787.4102  0.997 2 0.000 5 0.001 7
Sulfometuron-methyl
wp %
M%:L B 0.05~5 Y=661 668. 612 3X+8 345.481 2 0.999 4 0.004 3 0.014 5
Triasulfuron
ST
oy 0.05~5  Y=638877.978 5X+16 196. 525 7 0.999 8 0.005 2 0.017 2
Chlorimuron-ethyl
24K
2-Methyl-4- 0.1~10  Y=77 166.344 1X+198.778 4 0.999 7 0.003 9 0.006 6
chlorophenoxyacetic acid
LTS e B ik Fomesafen 0.05~5  Y=22420.571 0X+399.511 8 0.999 9 0.002 3 0.007 6
A 35 # Bentazone 0.1~10  Y=261 300. 754 9X+17 916. 349 0 0.995 3 0.002 1 0.012°5
S i
I 0.05~5  Y=_874 236.247 8X—5454.397 9 0.995 3 0.001 4 0.004 8
Chlorimuron-ethyl
R R . ) - .
0.05~5 Y=2 309 781.003 1X—16 464.257 1 0.999 4 0.001 6 0.005 3
Bensulfuron-methyl
I e Tl P
05~5  Y=2 634 254.0407X—8 725. 566 7 0.997 2 0.000 8 0.002 7
Pyrazosulfuron-ethyl
Z E i Acetochlor 0.05~5  Y=135336.718 4X+684.561 1 0.998 2 0.010 5 0.0350
T = X T 0 85k e ) 14 5 3 R, g/ kg s Y R W TR A o

Note: X denotes the mass fraction of the herb1c1de to be tested in pg/kg, and Y denotes the peak area response value.

3o 14 Tl B e T

FEm AR B RSD 7 2. 31 %~
7.98%, hn A [nl it & b 88.97%~119.48%, W
NY/T 3151—2017¢ R 25 % ic + 3 MK ip b2z 4k 25

Px

AT O v SRV TE A )X S AT D v A A
HERA L ) 2R, RWIA T LI T P R e
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Fig. 2 Chromatogram of herbicide detection in the inter-root soil of healthy leeks from healthy growing plots

at different collision energies (CE)
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Fig. 3 Herbicide detection chromatograms of healthy leek inter-root soil from non-healthy growing plots

at different collision energies (CE)
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RO B WK 4 R AR A
2 45K EAK T 0. 02 ng/kg; 7 H A #HE R 1
- HE b FR 2 B 0 5R BR L X AE TR AR K
b B i i R AR SR AR PR A R R Y 2 B AR R AR

T0. 21 pg/kg, T AE 4 B AR A M B i 2l SR AR By 4= vh
Ko H B i B R X O T R e B A £ Al SR
HRBR o AN, 76 R A K b B i i B Al SEAR B + v
ot 8URk i =k O. 83 pg/kgo

®4 HEXRENBEMERFRLIESRT UHBREFNNRESH

Table 4 Mass fractions of 14 herbicides in healthy and non-healthy soil samples collected in the field ug/kg

H&frijifge HH1 HH?2 NH1 NH?2 NNI1 NN2
JiK 1% % % Nicosulfuron ND ND ND ND ND ND
H i % Metsulfuron-methyl ND ND ND ND ND ND
Jii % 1 ¢ Amidosulfuron ND ND ND ND ND ND
WE Wy % % Thifensulfuron-methyl ND ND ND ND ND ND
8 fiffi [ Sulfometuron-methyl ND ND ND ND ND ND
fiik % fit§ & Triasulfuron ND ND ND ND ND ND
S Wi B Chlorsulfuron ND ND ND ND ND ND
2 B 4 54 2-Methyl-4-chlorophenoxyacetic acid 0.02 0.02 0.02 0.01 0.01 0.01
SRR I i HE Fomesafen 0.83 0.83 ND ND ND ND
KK F Bentazone ND ND ND ND ND ND
54 W5 fith % Chlorimuron-ethyl ND ND ND ND ND ND
U 1 it B Bensulfuron-methyl ND ND ND ND ND ND
N 1% il [ Pyrazosulfuron-ethyl ND ND ND ND ND ND
B Acetochlor 0.21 0.19 0.30 0.26 0.26 0.34

T < HH il e A2 1<t e 9 {ek B A SRR PR 5 NH A Al ekt B2 2= 1< st et fedt B2 Ll AR B 5 NIN O A felt B A K 3 Bl ) 9 it B Al SR B 4 5 ) 1
BT 1A 2 8 ] — b BN 1 AR TR REAR . ND 28 7% 12 Bk 0 350 0 X6 7 BF A R Bk 1
Note: HH is healthy leek inter-root soil from a healthy growing plot. NH is healthy leek inter-root soil from a non-healthy growing plot. NN is

non-healthy leek inter-root soil from a non-healthy growing plot. 1 and 2 indicate different samples within the same treatment.

ND denotes the herbicide is not detected in the corresponding sample.

3 i SER

AW 5EF FH LC-MS/MS 45 A %3710 1 i 4l
B 2% Bt BEAR AR AF K 5 bl 3%+ AR By + HE 17 B
TR R AR L S5 R R AR 2 W A LR
SR i B Tk ) R B R X R E T A B AR U
{EL A 5 A A Hb B 9 i S AR By - 58 v 2 i 1 5%
B R e, X R RE T Al S A AR K R T — s Y BT
SR AN, R e R EE 0 R R R T AT
R A7 AE 1 o B 500 5 B )T, LA 9 vh B R AR
BATREA B S BEES AR R A K i — =AY
TR AEAE 5 2 & B B % BR 1 0 35 0, v Be Xt 3k
SRR A KA T ORF I

AW 5% 38 2 A7 b U R L 4 R A B IR DA R AR
T o T P A 3t , 0 10 A Ab BN 3% - S 45 10, 5K

BT AT Ak 2 A % A 59 v 14 b 5 ) B B O R LT
B0 o a0 5 SR 3 Y A SRt e e T R 11 e i 7
IR 25 B 0591 A o 4 B0 0. 05 ~10 pg/kg B, 5 5%
V7 ) U T AR S 0 R AT Y Z A SC R (r=0. 99, LA B R
TRAN RN 2 H 4 G BT 43 B 0.1 ~10 pg/kg B, 48
RO FAE RAFAZE LR (=0.99), BiBIA TS
Rt BR A, e 6% 6 2 6T - 1 e R R R 7 8%
IO ol R R i 1 ) | R AN I e o v B U
5% 590 1) B ] i 3 2 A 88.79%6~119.48% , &
SV R AF, 2 BT Oy 2 B R R Y oE R R RO

FE 7 T M RE T, AR T 5 6] i Ak BRI 0 3% - T %
AT T A BLAL . B SR 50 mmol/L 4R
i R KOS, v TR e R VS WS K AR R L
F9:1, IF 8 T LC-MS/MS 7 L 5 55 5 1 IR F1 £ )
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