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Simultaneous Determination of Dinitroaniline Herbicides in Complex Matrix by

Ultra Performance Liquid Chromatography — Tandem Mass Spectrometry
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CHEN Bo, WANG Hong-ju, ZHAO Qiong-hui
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Abstract: A method was developed for the determination of 8 kinds of dinitroaniline herbicides,
including trifluralin, pendimethalin, butralin, isopropalin, dinitramine, nitralin, oryzalin and
prodiamine in complex mairices (tea, soybean and chicken livers) by ulira performance liquid
chromatography — tandem mass spectrometry ( UPLC — MS/MS). Qualification and confirmation were
achieved by electro-spray ionization ( ESI) in positive mode using multiple reaction monitoring
(MRM), and the external standard method was uesd for quantitation. The limits of quantitation were
all 0. 010 mg/kg. The recoveries of dinitroaniline herbicide residues were between 75. 9% and 113%
at spiked levels of 0. 010 — 0. 100 mg/kg. The RSDs of the method were between 1. 7% and 19. 0% .
The method is precise and sensitive, and is suitable for both confirmation and quantification of triflu-
ralin, pendimethalin, butralin, isopropalin, dinitramine, nitralin, oryzalin, prodiamine in tea,
soybean and chicken livers.

Key words: dinitroaniline herbicides; complex matrix; ultra performance liquid chromatography —
tandem mass spectrometry ( UPLC — MS/MS)
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T 20769 -2008, GB/T 20770 —2008, GB/T 20771 —2008, SN/T 0712 —2010, SN/T 0600 - 1996, {H I
RRITIE T IE AR SRR BRI B AR AR LT T BOANBE R 35 O iR R R 5, B
TR WREREAYIRN, BORE T 2 FING IS5 Z 5L BoRe s A I . H B R A R
RGNS A5 52 AR TR i P i AR i 2R B 50 22 B B O JORE (0% — R IR BRI A ARG . 2
KRG, EIFSHESSARBNGAR, EARMIENS TR, Bne . SRERER, RETHE
SRR T . O, B TR, SRR AR L & L X RAL TR, (75
B P AR R PR TR IR R AT R R A A AR A TE A R, RS S A I E 2 SR ) T
Pho BEFEA R RTALEEORAN S REUE . WP TGS T BOE M . REL ISR
B P ) AR SRR B R 2 5 BRI 7 ) S B . ARWETOR I S SR BUE bk 51, 42 HLB Al
Envi — carb [BIFHASHUEA AL, FI A S 80RAH (3 - ERIRBOEE RS 1 2. RS & b
B EIRR . “HBURR . TR, FRR. BURR . BEOHMA . FRURAMEEN MR L5k
R AT ARG . IR, MERR. R, SEAT LU R R P AMNERLIEK

1 SREE#ERSY

1.1 UFE5RHA

RO A G (32 Waters 20 7) ), Xevo — TQS PUARAT B IR BTHEAY (S5 [E] Waters 20 w) ), 4K
(£ Millipore 23 w] ), ¥)Wids (8 Heidolph 237]) , @RI (f5E Heidolph 43 ]) , &0 L (1
Sigma 4\ 7)), Oasis HLB [ #H A BUAE (60 me, 3 mL, 3E[E Waters /4 7)), Envi — carb [& #H A BtE:
(0.25 g, 3 mL, Supelco A%]), 0.22 um HHLIEM,

WS, 2. Fok. WIR. 2k (faikai, Merck 237)), HARFII F/rbra, S2i6 KA
Milli-Q AR, T RHEIRNESBR B RIbRE S ([ Dr. Ehrenstorfer 23 7w)) . f§BEAR MR BR B FIbR itz
W HPIEIRCH] A 1 000 me/L BOFRHERE &L, - 18 CEOLIRAE.

1.2 HEmuETabE

FRELUS g CRETAIAR 0. 01 @) #fi, I 10 mLoK, JRA)EFERHE 1 h, A4 ¢ S4b8y, LL25 mL IEC
B2 N DK TR TEEIR, 9 500 o/min B0 S min. AIFRIUCHIGE, 151, TRI10.0 i
PREUR, 40 C/KIFASINEL) 2.0 mL,

PR AR NIRAL G ) HLB [ AH AR, 5 mL 25k, IELWm M, AR EET,
F1 2.0 mL R - IECBEIRGE(8 : 2) %R, #N Envi - carb EAHZEBGEY, HH 5.0 mL P - 1E
ORGSR BEIF T, IWEEATRR R, AW EET, H50% i - KIEHESRR 1.0 mL, JiE
RIRAIE IR, E .

1.3 FRIEEMH

HBEZE I ;IR 3 2 ROW S (MRM) 5 SR04 HFa; BUMEZEHLE: 3 000 V; R

B 850 L/h; FEAFAUE: 50 L/h; BE-RHREE: 105 °C; HHBISGREE: 450 C; HAMHESHILE 1,
F 1 8 Fh BRI R LB B I 5 14 I s S 4

Table 1 Mass parameters for the detection of 8 dinitroaniline herbicides

. . Dwell time Cone Collision energy
Compound Parent ion Daughter ions
(s) V) (eV)
Trifluralin ( R 72 ) 336.2 236.0%, 252.0 0.10 34 24, 23
Pendimethalin( —H %Rk R ) 282.0 212.07, 194.0 0.05 32 10, 17
Butralin(ff T 2) 296.0 240.0%, 222.0 0. 05 20 13, 20
Isopropalin ( 53R % ) 310.0 226.0", 268.0 0.05 32 19, 14
Dinitramine ( Z &R ) 323.0 289.0", 247.0 0.05 32 20, 16
Nitralin (i 5k 2 ) 346.0 304.0%, 262.0 0.05 32 16, 22
Oryzalin (Z B SRR ) 347.0 288.0* , 305.0 0.05 34 17, 14
Prodiamine ( ZEEP5 .2 ) 351.0 267.0", 291.0 0. 05 30 20, 18

* quantitative ion
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1.4 fEifss

{4354 . Acquity BEH Cig (1.7 pm, 50 mm x2.1 mm, i d., 3E[E Waters /v a]), #shtd: 0.05
mol/L ZPREHAT (0. 1% HIR) (A) - HEE(B) . BEEVENIFR)F: 0~5 min, 50% ~80% B; 5~8 min,
80% ~100% B; 8 ~8. 1 min, 100% ~50% B; 8.1~9.5 min, 50% B, #ii: 0.3 mL/min, #F£E 10 L,
2 GR5TH
2.1 REFEHMML

TSI TR S R . By KIBEYERR/N, SIS TEYIER, Y SiEma A,
FERH AT R TR R B, $REBUERITR B N AN SR G A5 2] B I SR BRI A Lz 7
PREHRY & —Fh Tk, BREZ RO, 2ROl W, ECRSF R —sURSiH. 1E
CAIERI NG, PIEIFI IR CHEXIRERTI R AR 25 72 53 S B, (H PN I £ 12 £ Mg 4 B 3L 2 ey v il
HEEBEE, AFIT i Wik CbeMn OB E A BREDTE & BT, 1 H A1 W A e
R, FRIT SR rgA . Bk, ASWF50 R IE CREE A C B AE AT BUEF.
2.2 EHEEHRK

HFam . RE. AR SRS Sa REMAE. @R, WIS ESE RN LR EA T,
R HIE e iR AN ) C G E THE A T e X Leqb S Wy Il S B O SR, 7000 R Wil 7 0 32 BBOREE A 7%
. Wi, TREEORMCEBRERIBEE T IEC K, AR IECRAERLIXSIRR LlilEe AR H
1o AT IRBIFEREALSOR, SEBUAMTE E— 0 R B A A Bk . Oasis HLB [¥] AH L HUFE 0] Wz Fff
WorREN; . REEPERRT. @3F; Envi — Carb o S5BRMAH AL BURE i Ak €0 3 R FRH M HE 25 R 37 . P A AH
ABOFAE S, WIS EBRNREVER SRR T, BBIRENRRCR . AR5 5% Oasis HLB
(6 mL, 200 mg) M AHAE RS & Envi - Carb(3 mL, 0.25 g) BAHABUEBEATIE

BE—2 %} Envi — Carb [ AH A BRI Pe B 0 2R T e 4% . % 1 A [m]bk B o B2 (P ) — 1E iR &
R, HPRWEES 25058 10% , 20% , 30% , 40% , 50% , 60% , 70% , 80% , 90% , 100% ) J5%
B, SRR P S G N E) 80% BRIk EE A, (HEIPERE F ORI THIE 2, U S8R T 80%
JG, AN W B ERRRAR, HORMEDE N4, HEER BT Hud K, BoksEmm - EC ke (R
P8 2) BRIR AR el 2RI 2 R R, BRBRATRAT 5 mL I, & B4 i el i A Bl i
FATE REEARBAA K, HEERABUE R ST — PR AR e, S 304 0 538 & PR By 6t
REER, R G R A 1) i AR BT AR, B BB 5 mLL,
2.3 LC-MS/MS £HHMHAL

100
St T HR L + 5 mmol/L Z, W 4k K 0 (45 §
0.05% HIfiE, pH 3.0). HE + Smmol/L Z kK 7

V(4 0.1% HIER) . HIEE +0. 1% Z BRI £ 5o
FRE + KIS . 6 +0. 05% HRTR K AR R B AH

MO e ZE AN, JEREIRE +5 mmol/L 2 25 |
BREK TR (25 0. 1% WIIR) 1R Aot a7 PR B T U S 11 |
VRIBEIT, S B AR I 55 SR T T A
Eﬁ%o 0. 01 mg/L REBEIR RIS R B FRIbR L T L 0,010 me/L — R MR A
B R E DL 1, PR T ) 8 -

ﬁj\%IJEX 5.0 mg/L RIE-S S Hﬁ%ﬁ%ﬁﬁﬂﬁ"{‘{ﬁ{ﬁ Fig. 1 TIC chromatogram of 0. 010 mg/L dinitroaniline
Wi, 1130 wL/min {)ﬁfﬁ{jﬁ)\%%(ﬁo EE%%*&(M herbicides standard solution

X PR e . . 1. oryzalin( Z @i 5k ), 2. trifluralin( % 5kR ), 3. dinitramine
ﬁﬁ—Fﬁ’%UXﬂ‘%‘1@7@]%@17*@?5%1%5}*}? /fﬂEL @Jﬁ’ (FFEZHER), 4. prodiamine( ZZILPF A ), 5. pendimethalin

TE, EHECENEILAIE. BAATHT (TR, 6 sl GURR) . bl
BT RIRHEA AT, SBRCE RO, A TR G520
POH T8 TR RERI T, A& SHOEAHL, T RAETE S H | R,
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2.4 ZeE. EETREEKZE

FHZ BRSBTS S IR B B SRk 243 504 0, 0..010, 0,020, 0.050, 0. 100,
0.200 mg/L MR SR TR . LAl (y) SR E (2, mg/L) 224 TAEHZE. 8 Ff
TR ER IR BR BRI EEAE 0. 010 ~ 0. 200 mg/L JEE NI, PR R R, HAHSE R Lo E 4 7 2
2,

FVESETF B = RSD i SRR SANTE/11945/2015 J% [ Py 40 5 FE 8 R 0 AR IR R K
DIFREE S E & 3T RHATEES 10 FEEMRLL (S/N =10) BLR, i 8 Fh hg R R IR IR B0 E & TR
¥97470.010 mg/kg, FEAM . G . ASHFFIA 22 ARSI N 3 AR BT SR e 2R R bR
W, BEATI R SEEs, AR FEENE 6 Yk, Hh# 2 455041, ££0.010 ~0. 100 mg/kg i
FRACEIEEIP, DIbRENSCER R 75. 9% ~ 113% , FHXARIEMRZE A 1. 7% ~19. 0% , J5 i [l S R AUk 2
RIf,

SRRAESE . B RO (0 — HR BT IR I E AR TR P R R R R T SR B

F2  TRHEORNEZEPRERALIETIE . 2t ie . MSCREI MR (n =6)
Table 2 Regression equations, correlation coefficients, recoveries and relative standard deriations of

8 dinitroaniline herbicides(n =6)

Sample Compound Regression equation r Spiked ( mg/kg) Recovery (% ) RSD(% )
Tea Trifluralin y=1.820x +1. 635 0.996 2 0.010, 0.050, 0.100 89.1, 89.7, 103 9.5, 7.6, 3.1
Pendimethalin y=171.6x -16. 13 0.999 9 0.010, 0.050, 0.100 104, 105, 102 4.2, 3.0, 1.8
Butralin y=4519x -1 458 0.999 5 0.010, 0.050, 0.100 99.1, 91.0, 104 3.5,5.6, 4.8
Isopropalin ¥ =593. 6x —168. 6 0.999 8 0.010, 0.050, 0.100 106, 97.0, 97.6 3.2,3.7, 2.4
Dinitramine y=195.9x -153.0 0.998 6 0.010, 0.050, 0.100 102, 107, 92.0 5.0, 4.8, 4.9
Nitralin y =652. 8x — 106. 4 0.999 7 0.010, 0.050, 0.100 100, 113, 90.3 5.1, 8.6, 7.7
Oryzalin y =265.2x +29.75 0.999 5 0.010, 0.050, 0.100 90.4, 100, 92.8 7.1, 27,73
Prodiamine y =430. 6x —134. 8 0.999 6 0.010, 0.050, 0.100 106, 99.0, 94.5 5.5,28,79
Soybean Trifluralin y=0.8234x+6.626 0.9910 0.010, 0.050, 0.100 109, 104, 97.7 5.9, 10.6, 17.7
Pendimethalin ~ y =39.36x - 11. 64 0.997 2 0.010, 0.050, 0.100 82.8, 91.5, 87.4 7.8, 6.2, 10.5
Butralin y=4618x -5 693 0.994 8 0.010, 0.050, 0.100 83.0, 85.0, 84.1 10.3, 8.6, 8.3
Isopropalin y=488.3x -391.2 0.996 6 0.010, 0.050, 0.100 80.3, 84.8, 82.8 4.3,7.5, 7.3
Dinitramine y=160. 8x —156.2 0.998 0 0.010, 0.050, 0.100 76.7, 86.0, 83.2 9.0, 5.3, 13.2
Nitralin y =352. 8x —490. 8 0.990 2 0.010, 0.050, 0.100 89.6, 91.8, 89.0 8.4, 4.7, 6.2
Oryzalin y=254.0x -104.0 0.998 3 0.010, 0.050, 0.100 105, 96.5, 92.1 11.0, 15.7, 19.0
Prodiamine y=160. 8x +156.2 0.986 5 0.010, 0.050, 0.100 75.9, 85.8, 91.1 8.7, 13.6, 8.6
Chicken livers Trifluralin y=1.436x -7.264 0.9911 0.010, 0.050, 0.100 109, 90.7, 82.8 8.4, 11.1, 13.1
Pendimethalin ~ y =136. 2x - 17. 07 0.999 5 0.010, 0.050, 0.100 91.3, 84.4, 76.9 4.9, 6.6, 8.3
Butralin y=3995x -702.7 0.998 6 0.010, 0.050, 0.100  91.3, 90. 5, 92.5 7.9, 8.3, 4.6
Isopropalin y=522.3x-79.38 0.998 1 0.010, 0.050, 0.100 87.5, 89.0, 86.9 7.5, 6.6, 4.9
Dinitramine y=186.4x +43. 13 0.999 3 0.010, 0.050, 0.100 85.3, 91.3, 94.1 8.7, 5.8, 3.2
Nitralin y =381. 4x +30. 82 0.998 4 0.010, 0.050, 0.100 91.7, 92.8, 93.7 7.6, 1.4, 2.3
Oryzalin y=131.8x +431.7 0.997 0 0.010, 0.050, 0.100 90.9, 92.2, 93.2 7.0, 6.3, 1.7
Prodiamine y=263.4x -314.7 0.998 1 0.010, 0.050, 0.100 90.3, 91.3, 80.1 6.9, 8.5, 5.2
A
3 &

ARSCRHIE CLREHURINY Z B 4RI E bR, 2 Oasis HLB EFI Envi - Carb R LR, $RIURE .
PRI, 7 EAT RO | I R R RNy B R, ST X0t kTR
255 I E P ) 8 AR R SR
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