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Determination of the amide herbicides in milk using dispersive
liquid-liquid microextraction prior to GC-MS

MIAO Xuexue, YANG Yuanyuan, LIU Dengbiao, YANG Xiaoyun, XU Hanhong
(Key Laboratory of Natural Pesticide and Chemical Biology of Ministry of Education/ College of Resources and Environment,
South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective ] To supervise the food safety problem in milk and achieve a rapid and accurate de-
termination of pesticide residues in milk. [ Method]In this paper, a simple, sensitive and environment
friendly dispersive liquid-liquid microextraction ( DLLME) technique coupled with gas chromatography-
mass spectrometry ( GC-MS) was established for the extraction and determination of four amide herbicides
(alachlor, acetochlor, pretilachlor, and metolachlor ) in milk samples. [ Result and conclusion ] The
factors that affected extraction efficiency were studied and optimized. Eventually, 40 pL carbon tetrachlo-
ride was used as the extractant, 1 000 pL methanol was chosen as the dispersant and the extraction time
was set to 1.0 min. Under the optimum conditions, the good linearity was exhibited from 0. 05 to 5. 00
mg + L™ herbicide, with the correlation coefficient being more than 0.997 8. The method had a high
sensitivity, and the limits of detection (S/N =3) of the four amide herbicides ranged from 0.8 to 1.4
pg + L7'. The recoveries of the target analytes from milk samples were found between 67. 0% and
105.7% , and the relative standard deviations (RSD) varied from 1.6% to 8.3% . The method can be

successfully applied for the analysis of amide herbicides in real milk samples.
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1.1 FEMEFEMAF

Agilent 6890N-5975 “AH {13 i i Bk FH A (Agi-
lent, USA) ; SZ-93 F 2y WU 4l K 2 18 e (b iR
HALAX AR ) s Anke TDL -4 B HL( L1285 Bl
AT s B WA (P8 R SEARFEL 7] ) 5 il B R A 4
( HIACEAGAGRA R A F]) s BS124S HL ¥ 43 H7 K
F(EZFIHRL A A R A ] .

R R R 100 mg - L1 2
BB REE 100 mg - L7 PN B JBTR R 100
mg + L7 S HREE T REVRE 100 mg - L1 7R
RS AR AP RHIT W 0 B I S5 3% 2l 2 R
P ) i 214 Joi ek 9 R ) TR 5 s o A A T, K L A
TRGZ GG T I ) BB vk 050 0..05,0. 10
0.50.1.00 F15.00 mg - L~" fyIRAbrifl R 50, ik
T KA.

Il CJ IR e = e P AL
B R R o M, AR B KT 99% , o R

TR A BR S E 7 s 35 28 2 ) S 56
Fisher 7377 filr. 214 W54 il A BRI RIS T T 7+
1.2 @iEsEg

ST (Gas chromatography ) 73 M1 2% 1 : Rix-
SMS i3 E 4148 6 35 A (30 m x 0. 32 mm x 0. 25
pm) ; He 20 (R 3 H0h 99. 999% ), #80< i
1.00 mL « min ™" s R HERE, BEFEIRFR 1.0 pL.
FEEELE 270 °C 5 BRI AR PP TH - B0 46 i 150
C,LL10 C « min "' FHEZE 250 C, {445 2 min.

JFiii% (Mass spectrum ) 73 81 554 2 0 Y& & 280
C BT PO TR (ED , B 7 RERE 70 eV B 1
PRI EE 230 °C 5 DUZRATILEE 150 °C s R EHERg 705
FCSIM) Wl , B 66 ) i i 1 A B L3 1. FE iR
PR g ST, X i 1.00 mg - L7 (1 4
PRI A 25 IR G AR E AT T L AL E , 25 2R 0L
L, F ARG R4, B2 B R

F1 4 MERREREF R EM BFSFES T
Tab.1 The retention time and characteristic ions of four

amide herbicides

K2 Liggg/ MIN tyg/min - RHESF (m/z)
B 6.97 3.00 146.269
FH 2 7.14 3.00 160.269
ST R 7.82 7.50 162.283
TR 9.55 7.50 162.311
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Fig. 1 Typical chromatography of 1.00 mg + L™ mix standards

amide herbicides
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FEBOR T IRICHIEE T, FHR A ST

1.3.2 p#cgmm R (DLLME) it 42 fEQJIR I
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Fig.2 Effect of extraction solvent on the extraction efficiency
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Fig.3 Effect of extraction solvent volume on the extraction effi-
ciency
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Fig.4 Effect of dispersive solvent on the extraction efficiency
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Fig.5 Effect of dispersive solvent volume on the extraction effi-
ciency
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Fig. 6  Effect of vortex time on the extraction efficiency
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Fig.7  Effect of salt mass concentration on the extraction effi-
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FTE LR A 2R fif 2 W B B 0. 05
0.10.,0.50.1.00 F15.00 mg - L™ R4 i f v FERL B,
TEFAMLOTEZRME T _LALINGE , AA A 25 bR i i) o
WZ (p) A A, WE T AR (A ) AR  VERR v i 2.
ZER LR 2,4 IR Z1E 0. 05 ~5.00 mg - L7
Bl N HAT R RO ZeE e 2, R S R 8= 0. 997
8. Kt PR (LOD) SEARYEAF ML (S/N) O 3 IF3RAT , 4

BAE0.8~1.4 pug - L™ 2.
2.3 HEROW

FELR G RE 5 rh 43 i & 0..01,0.05 A1 0. 10
mg + L™ 3 AN vk BE K SE AT i [l G e, A4
IR IRE F AL 5 K, 47 IR R B A A A b A Ak
PRI OE AL B, 45 5 WL 3R 3,4 Fhik 4k
ZERY RN Hy 67. 00 ~ 105. 7% , A0 Xt 7 i 22
(RSD) M 1.6% ~8.3% . WAh,F & v il 36 i % A %
H ARG 3 B4, 45 5 DL IR 8 FiiE 9.
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Tab.2 Linearity, correlation coefficients, and limit of detection of the method

Hinfe &9 AR HRRE () LM /(mg - L") IR (pg- L)
F 5 e A=78616p-5198.6 0.998 7 0.05 ~5.00 1.0
LM A =54 724p -3 476. 1 0.997 8 0.05 ~5.00 1.0
N A'=33400p -7 152.3 0.999 3 0.05 ~5.00 1.4
SN R A =202 418p -7 440.3 0.999 6 0.05 ~5.00 0.8

R34 FhEERR IR B A A R P R R [ W AN AR AR A U =

Tab.3 Recoveries and relative standard deviations of four amide herbicides in milk samples n=>5
o/ mg e L) AR + AR AR 22 ) / %
) SH O e g —H g —He g
o A g 2 W L PR Y B
0.01 67.0+3.5 73.0£6.1 90.1+4.6 93.0+5.8
0.05 74.4 £3.6 87.9+2.0 94.8 +8.3 105.7 £2.3
0.10 71.3£3.1 79.9 1.8 83.3x1.6 82.8+2.3
28y 281 3
24} 24
=20F =20r
16t 16}
= =
2 12F 2 12 1
E 8r E 8r
4r 4F
500 6.00 7.00 8.00 9.00 10.00 11.00 500 6.00 7.00 8.00 9.00 10.00 11.00
t/min t/min

B8 AW PR (g 2]
Fig.8 Typical chromatogram of blank milk samples by DLLME-
GC/MS
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Tab.4 Comparisons of DLLME-GC-MS with other methods for the extraction and determination of amide herbicides

Tk LOD/ (pg+L™")  RSD/% g/ M Ve (CHHLER]) / mLL B
AMEAIBEIR - SHIE3 - TRk 1.28~3.50 2.1~10.7 5.0 20.0 S
AR - ok € - A MBI 1.0~7.2 1.9~16.1 3.0 80.0 N
FEHIAERL - M il - TR 3~56 2.0 2.0 k
BRI - M3 - Bt 0.00012~0.0027  4.1~8.1 60.0 i K
S HURRRAEI - S - PR A 0.8~1.4 1.8-~8.3 15.0 g A4
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