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Simultaneous Determination of Dinitroaniline Herbicides in Spinach,
Apple and Soybean by UPLC-MS/MS
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Abstract: A method of ultra performance liquid chromatography-tandem mass spectrom-
etry (UPLC-MS/MS) was developed for determination of 8 kinds of dinitroaniline herbi-
cides (trifluralin, pendimethalin, butralin, isopropalin, dinitramine, nitralin, oryzalin,
prodiamine) in spinach, apple and soybean. Afer homogenization, 5.0 g sample was
soaked with 7 mL water for 1 h. Then 3 g NaCl was added, and the sample was extrac-
ted twice by 25 ml hexane saturated acetonitrile solution. After concentration, the
extract was put through C18 column and eluted by 5 mL acetonitrile. The eluated was
then concentrated and dissolved with 2. 0 mL hexane-acetone mixture (2 : 8, V/V). The
preparation was cleaned by Envi-Carb column and eluted with 5.0 ml hexane-acetone.

The residue was dissolved by 50% acetonitrile aqueous solution (contain 0.1% formic
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acid), and determined by UPLC-ESI/MS/MS. Under the optimized chromatographic

conditions, 8 target compounds were obtained. Confirmation was achieved using electro-

spray ionization (ESI) in positive mode with multiple reaction monitoring (MRM), and

external standard method was used for quantification. The results show that 8 dinitroa-

niline herbicides have good linearity, the linearity is more than 0.99. The limits of

quantification(LOQs) are 10 ug/kg. The mean recoveries are between 70. 0% and 120 %
at the spiked levels of 10-200 pg/kg. The RSD of the method are between 0.56% and

23.0%. The method is precise, sensitive and accurate, which is suitable for confirma-

tion and quantification of dinitroaniline herbicides in vegetables, fruits and grains.

Key words: ultra performance liquid chromatography-tandem mass spectrometry (UP-

LC-MS/MS); dinitroaniline; herbicides; vegetables; fruits; grains

TR R S R RN AR BUR R
HEORR T R R RR VR R 25 2R
ROEBUR R ML N R E . B R R E
Ry — PR 2 A AL ) HA R BT
R FERIOR AR o RSO 7 55 4 A TR AR 2 BR L)
(14 07 FH o o e v E B M T R R
53 5 1) A 8 i 114 W A T OB B 2 X I AR
Wy e 2 TR IR 2 o PR A )
OSSR e N RS S NS S S P O
it Y A R R IS R R R R T T A e ik R R
B A EE R 2B R K R AR .
I o TR R P R T R R S B )
() 5 H A B 5 i B AT IS X

H AT A 8% 2 L 7K SRR A B i R il S
R IR R ke B T VR R AR 8T - H, A AR
il (GC-ECD) 2 L AUH 8351 3% (GC/MS) 2%
M- R R (GC-MS/MS) 345077 [ 52
Fr v ¥ I 75 5 4 $5 GB/T 19426—2006, GB/ T
196482006, GB/T 20769— 2008, GB/T 20770—
2008, GB/T 207712008, SN/T 07122010,
SN/T 0600—1996, {HR F _F iR J7 1 0 5 — i
FEOR IS B R 30 5% B A7 AE AN R 2 7 KB 43 —
FEOR IR R0 5 T B A i TH AR K A L
IR AN IS T8 38 K R AR A Bl dix 2k
2549 1) 22 5% B T) R ARG 0 45 ] R,

T 8, 3% 53 3K B % (LC-MS/MS) $ R A
A AR R 3 P g ARG 0 s ) e A G A A
T A FE T Z R R 255 B ) 3. A TAE
PR CHEHRBH AR &Y. & C18 [ AH 28 it
FEFI Envi-carb [ A %8 BCAE @4k, SR T8 &5 &L
VRORH 0 135 ER D6 T 1 0 A S LR e R

F18 i R R T S AR R R Y B T e A R L —
il B 8% T A2 [ PN S i USSR 14 0 B O 3k

1 RIERSy
L1 UF5H

OB AR 8 3% X . Xevo-TQS Y % 4T &
IR T A < 3 [5 Waters 20w 7 i 5 B AR AL - 38
Millipore 23 &) 7= & s ¥ )i 4% : 75 E Heidolph
O ) E s 4R 5 A - 48 [ Heidolph 23 w] 7
At s B0 ML P8 Sigma 28 6] 7 C18 [ AH 28
HUAE (500 mg, 6 mL), Envi-Carb [# #H 25 BUH:
(0. 25 g, 3 mL): 3 Supelco 2 A) ;= i,

g O EC RO ¥ 6
Al P8 E Merck 23 m] 77 s UK R KR
R IR R AR RARUE & - 2 [E Dr. Ehren-
storfer 23w 7 ity s Ho A3 500 2y 43 #r 210 92 56
FH7K A Milli-Q #B 4K . i 56 2K e 2 B 5 57
PRUE - TP B FC i 1 000 mg/L 45 o fiff 5

W, T —18 CHENIRAT .
1.2 XEWHE
1.2.1 FESIREL BRELS gCRS A E 0. 01 @) #f

i A 7 mL K GRS E#E L h, IIA 3 g &
fE#H . LA 25 mL 0 CGEif M G 2 IR0
WA IR, BL 9 500 r/min B0 5 min, £ F
2 WU IR 5] . R E 10. 0 mL 2O, T
40 THABPRAAREL 2.0 mL,

1.2.2 FER AL Kk 48 W AR I
C18 B MIZE B 5 mL ZBE VM Ui 4 42
W AR RIE T . A 2.0 mL HEE-IE
CREIEWR (8 + 2, V/V) VR ¥ A Envi-carb [#



5514

I T A A < R SR €033 A IR RS 9 0 SR AR R v A R SR B R B

B2

7 71

FHAE AL T 5 5.0 mL Y- 1E O %% 1 TR Uk
JU 4l T MO AR R AR IR T,
50N - KR ERZE 1.0 mL, iEIRIRA )G
it 0.22 pm A HLUERE, FE0E .

1.2.3 @3 @i Acquity BEH C18
FE(50 mm X 2.1 mmX 1.7 pm); B : A K
0.05 mol/L ZMREHW (& 0. 1 H#R) . B Ny
FE 3 B B R DGR : 0~5 min(50 % ~80 % B) ;

5~8 min(80% ~100%B),8. 1~9.5 min(50%B) ;
R 0. 3 mL/min; #FFERE 2 ul,

1.2.4 FUigscfF WmEE I, EE A
5 22 R0 W I CMIRMD) 485 G, B 07 43 B8 25 1
% HLH 3 000 V5 4 B < # 900 L/h; K43
S 50 L/hy 8 U5 B 110 °C 5 i B <l
J& 450 C HA ik 2809 T4 1.

1 SH_WMEEXRERENNRIESH
Table 1 Mass parameters of 8 dinitroaniline herbicides
o 5 551 BB FTHET B & ] HEfLHL il 5 A St
Herbicide Precursor ion (m/z) Product ion (m/2) Dwell time/s Cone/V CE/eV

IR R 336.2 235.8" 0.10 34 24
Trifluralin 252.0 23
TH R R 282.0 212.0 0. 05 32 10
Pendimethalin 194. 0 17
T R 296. 0 240.0" 0.05 20 13
Butralin 222.0 20
SRR 310.0 226.0* 0. 05 32 19
Isopropalin 268.0 14
HWELTR 323.0 289.0" 0. 05 32 20
Dinitramine 247.0 16
Tith o R 346.0 304.0% 0. 05 32 16
Nitralin 262.0 22
R R 347.0 288.0* 0.05 34 17
Oryzalin 305.0 14
£ NISEE P 351.0 267.0" 0.05 30 20
Prodiamine 291.0 18
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Fig.4 MS/MS spectra and chemical structure of oryzalin (a),
pendimethalin (b), prodiamine (c¢) and pendimethalin (d)
x2 LETE.EHAFREXRY . ERERMENIRERE (n=6)
Table 2 Linear ranges, regression equations, correlation coefficients,
recoveries and relative standard deriations (RSDs) (n=6)
) 2P
NEEY & , A -
(&L’ 5] )5 75 i Linear EE A X A 22
Correlation
Compounds Regression equations ranges/ Recoveries/ % RSDs/ %
coefficients
(I,Lg/L)
P AR R y=0.2667x+0.1205 0. 9944 10~200 86.7,99.5,94. 6 9.0,10.2,6. 80
THIERER y=0.049092+0. 03716 0.9930 10~200 96.7,96.8,93.1 16.4,11.6,7.96
TR y=0.3283x+0. 04820 0.9996 10~200 102,99.5,92. 2 7.30,4.90,9.32
FIRA y=0.5774x—0. 2083 0.9713 10~200 101,95. 8,85.6 6.40,7.90,5. 44
RILETHA y=0.3196x+0. 2431 0.9941 10~200 107,104,89. 1 7.70,10.5,4.68
fith ok R y=2.260x+1.066 0.9974 10~200 110,109,88.0 6.40,7.50,8.42
G R R y=2.404x+0.5691 0.9992 10~200 112,106,87. 1 6.50,6.80,7.53
HIEWH A y=0.6033x—0.002768 0.9962 10~200 103,101,89.5 14.1,3.90,6. 49
) HUR R y=0.440118x—5. 122 0. 9944 10~200 86.0,82.7,94. 2 19.2,11.9,5. 51
TR R y=285. 75352 —185. 33 0.9941 10~200 109,99. 7.83. 2 8.56,10.3,7. 30
TR y=4900. 52— 11145 0.9951 10~200 109.95. 8,96. 2 3.01,4.51,9.06
SRR y=681.4052x—1675. 29 0.9933 10~200 104.,94.0,91. 4 5.32,6.83,12. 2
RIELRA y=166.072x—339. 46 0.9919 10~200 110,98.6,95. 8 5.27,6.71,10.5
fif ok R y=2330.702x—647. 206 0.9952 10~200 105,99.5,93. 3 6.99,4.47,9.05
HME R R y=123. 471x—302. 20 0. 9969 10~200 106,105.90. 8 5.21,6.34,7. 04
HIEWNH R y=2305.416x—748. 45 0.9911 10~200 104,90. 8,95.5 7.67,7.72,8.22
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Compounds Regression equations coelficients ranges/ Recoveries/ % RSDs/ %
(pg/L)
K R R y=0.823372x+6. 62626 0.9910 10~200 109,104,93. 4 5.86.10.6,7. 65
THRER y=239.356520—11. 6378 0.9972 10~200 82.8.91.5,96. 2 7.77.6.17,8. 04
TR y=4617. 62—5693. 28 0.9948 10~200 83.0.,85.0,91.4 10. 3,8. 63,8. 36
FIRR y=1488.322—391.168 0. 9966 10~200 80. 3.84. 8,90. 2 4.27,7.55,10. 1
HHZWMRA  y=160.77520—156. 184 0. 9980 10~200 76.7.86.0,88. 9 8.99.,5.32,12.0
AR R y=2352. 8052 —490. 837 0. 9902 10~200 89.6.,91.8,85. 6 8.36,4.72,9. 63
AR R y=253.955x—103. 983 0.9983 10~200 105,96.5,87. 4 11.0,15.7,8. 28
HMENMA  y=160. 7752+ 156. 184 0. 9865 10~200 75.9.85.8,83.9 8.69,13.6,9.06
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