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Determination of residues of 9 herbicides of international concern in
dairy products by high performance liquid chromatography-tandem

mass spectrometry
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Abstract: [ Objective] To establish a rapid and precise determination method for 9 herbicides (asulam, hexazinone, indaziflam, norflurazon,
pyrasulfotole, pyroxasulfone, sulfosulfuron, tebuthiuron, and tepraloxydim) in dairy products that are of international concern but without
established maximum residue limits (MRLs) in China. [ Methods] The samples are ultrasonically extracted with acetonitrile-acetone mixed
reagent (v: v=2_8:2), and the extract is purified by the dispersed solid-phase extraction adsorbents Florisil, N-propylethylenediamine (PSA),
and anhydrous MgSO,. A high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method is established for
determination. [ Results] The nine herbicides are completely separated within 7 min. Their linear relationships are good within the range of
2.00~100 pg/L (r==0.997). Their detection limits are 0.02~0.30 pg/kg, spiked recoveries are 71.6%~104.1%, and relative standard
deviations are 0.4%~10.3%. [ Conclusion] This method is simple to operate, has high sensitivity and good reproducibility, and can be used

for rapid determination of residues of the 9 herbicides in dairy products.
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Table 1 Comparison of residue limit requirements for 9
herbicides in milk in major regions in the world
AR EOR/ (mg-kg ™)

“i G| % [ W HA IR
TR / 0.05 0.02  0.050 0.100
BRI / A 001 11.000 0.050
BRI/ A 001 0.010 0.005
ik HK / 0.10 0.01  0.100 ARGk H
TEEEEC L/ 0.03 0.01  0.010 0.010
T b e s / AEEH 001 0010 0.002
ik T ik e / 0.02 0.02  0.006 0.005
TR / A 001 0.010 0.200
bk g e / AfKEH 002 0.050  AEKEH
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T R v 55V € 35— o5 40 T 1 0 S T 4R 4 bR
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95 % L L (Florisil) N-TNE 2 — i (PSA) - 434l
JUINRE AR CA R A

{1 1% #E . Accucore™ Biphenyl % (100 mm < 2.1 mm,
2.6 pm), 52 [E Thermo Fisher Scientific 2\ A ;

{4, 3% # . Accucore ™ C, ! (100 mmX2.1 mm,
2.6 pm), 32 [E Thermo Fisher Scientific 2\ A ;

{4, 3% 4 . ACQUITY UPLC HSS T, #! (100 mm X
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2.1 mm, 1.8 pm) , 3% [5 Waters A H] ;

B UG M (PTFE) S AL UE % : 0.22 pm , K HE T HE %
IR A A RAHE
112 FEUARRE

el OB 8 1% — H I 35 104X : Triple Quad™ 5500
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1= DML 3K S B fE [ Sigma 24 F
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FARAR
1.2 Ak
1.2.1 TR A br ME W WCEC ® v B0 RS L 9 B AR ME VA W

(100.0 mg/L) %% 1.00 mL, i & 5 52 %5, IR 43, e il A%
5.00 mg/L IR A Fr Gt &0 W, — 18 CIREGIVIRT , 45 30
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B VR A3k 7 (IR FR L 8:2) .4 g TE/K MgSO, Al 1 g NaCl, ##
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1.2.5 WML 3% H A Accucore™ Biphenyl {7
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2.0 uL; %3 0.3 mL/min; J 3 AH A 2 0.1 % iR K , i 3
AH B Ry I 5 B BRI AR T L3R 2.

R2 BERXERER

Table 2 Gradient elution procedure

Fif ] /min WA A% i B A B/%
0.00 90.0 10.0
2.00 30.0 70.0
5.00 7.0 93.0
5.10 90.0 10.0
7.00 90.0 10.0
1.2.6  BUi & 0F  fmiss i B OE B AU (EST) 3R

AR5 22 RN T (MRM) B 5 HL I8 %5 1L 1 5500 V5 8 1~ I8
LB 550 °C 5 9 gk 0 571 14 £ B ) () B T % 2 B 36 3.
1.2.7 ks EOSCE RN R RS R0 3 5 sk
J7 (ME ) X 55 Ab 387 1 A7 VAR, A5 b O 15 22 30 0E 1 45
B o A 542 30 (1) (20 (2) T A I 1m0 g 25 A 3 o 80

X, — X,
R=""""2x100%, (1)
X
B
MI.;:<Z—1)><IOO%, (2)

R3 IMBREFNREMNBRRESH

Table 3 Retention time and mass spectrometric parameters of 9 herbicides

&Y {4 B8 B} ] /min BB E/V JE B il 8 BE/V JE B TR il 15 RE/V
B HLR 2.2 40 231.0/156.0 17 231.0/108.0 31
TR i 2.6 76 253.2/171.1 11 253.2/85.1 28
T 15 98 e 2.9 80 302.1/158.0 12 302.1/138.2 20
KKK 3.0 110 304.2/284.1 24 304.2/160.1 38
i P e M s 2.5 60 363.2/251.1 23 363.2/113.0 25
TR 2 e 3.2 185 392.2/229.1 25 392.2/179.1 41
itk P i i 3.1 70 471.0/211.0 20 471.0/261.0 25
T IERE 2.5 40 229.2/172.0 15 229.2/116.1 30
R 5 ) 3.3 115 342.2/250.2 18 342.2/166.1 26
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Figure 1 Chromatogram of pyrasulfotole separated using
T, chromatographic column
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Figure 2 Chromatogram of pyrasulfotole separated using

C,s chromatographic column
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Figure 3 Chromatogram of pyrasulfotole separated using

Biphenyl chromatographic column
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CTY Fof s 355 408 00 A LU 3k /I 090 85 W8, LA £ 285 4 R 1E
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VLA AR foe A ) B 1 % i o 16 4 R 7S 1 AR 2R T R
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Figure 4 TIC of a blank milk sample spiked with 9

analytes
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i T AL 20D PR AR AE LN B HORE L Ab R TR &
HPLC-MS/MS 53 # , 3% K1 7 B b5 ¥ {2 B2 1] ] A4k 125 T g
ML, HELE TR, R A AR N 7 A B AR TR T X
kLR R T

T4 IOMBREFMRAHZEZEFE BXRBREHR
Table 4 Linear equations, correlation coefficients, and

detection limits of standard curves for 9 herbicides

Lot Yoty R fes - iy

B (pgkg )
HRLR y=19351x—9225.6 0.999 0.23
IR i y=42235x+78 907 0.999 0.18
B B y=31332x—13992 0.999 0.12
ik H K y=>51611x+28 575 1.000 0.02
il Wt F e =76 202x— 62 990 0.997 0.06
R IEE e y=16 586x+11 350 0.999 0.18
itk Fk Ak e y=50 062x—25 411 0.999 0.03
FET R y=110 972x+129 574 0.998 0.30
M MR i) y=24 440x+10 386 0.997 0.13
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2.5 WUESEI
251 FRAEINE AN A R th 2 4 T4, 7E 2.00~
100.00 pg/L Jifi k¥ 52 70 B P9, O b Bk 0 350 1) A 56 R 8 ()
¥1>>0.997, &M X R R, K H R} 0.02~0.30 pg/kg, #
W% 7 vk MR v BB R FL A TR AR
o 75 5K
252 JrENIWCRARG ST d K S L FER s m
JRE W R 2,5,10 pe/ke 19 9 FhBR R, 25 | ICR N
71.6%~104.1% , A8 %) 7 HE 4 22 (RSDs) 24 0.4%~10.3% , 3%
A2 5 T 3 B B v Ak ek R AR A o R RORS 5  RAS
v 0 b e T 22 A 5 T b 1 57 X TR R 73.9%~
83.5% , AH LU At H A5 09 RS AR L w] B 2 A1 Dy T 756 2 ntk vl
55 3L SR 2 s R AR A ELVE R S B0 O
N
2,53 SEFTALNE R B S TN, 9 A bk R R 7R R 8 0 K
S5 e L A ) R Sk T R IR b e D AL R R A
sfrl:;cLFEIJ I 5 ST A 3 T K R 4 X 38R 20%~50%, A
AR TR AL o LA AL A W AE 5 Bl FL R R 0 R
RN 4 3o 1 <220% , o 59 3 B AW . B Uk K58 TR
FE TR AN E B, SRy AR i S5 R0 X B AR A A el il
R FE A, R F 25 B S VG B o il 2 X H bRk A
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Figure 5 Matrix effects of 9 herbicides in 5 kinds of dairy

product matrices
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x5 IMBREFNESERPHEHOEKERK RSDs

Table 5 Average recoveries and RSDs of 9 herbicides in multiple matrices (n=6)

43 Ecl N I B L 1 T
IS/
fe&¥) (pg-kg ) THm RSD/ THyM RSD/  F#E RSD/ VW RSD/ THM RSD/
R % % R % % 1% % /% % 1% %
R R 2 77.2 10.3 88.1 3.1 90.2 1.7 91.4 7.2 86.3 3.2
5 75.3 5.6 88.7 4.9 88.4 4.7 92.3 9.8 87.2 3.5
10 74.4 4.7 83.6 1.1 91.5 9.4 95.5 4.1 93.5 5.9
PRI il 2 85.0 8.9 92.4 1.1 90.2 5.1 91.6 9.6 91.9 4.4
5 82.9 9.7 90.5 3.6 92.9 3.5 86.7 2.8 90.0 2.8
10 86.2 6.9 89.6 43 98.7 4.2 88.8 7.9 93.1 3.6
{1 16 6L fre 2 86.8 2.8 92.8 3.7 88.9 9.5 87.3 1.7 89.9 4.6
5 89.7 53 93.7 3.6 86.8 1.8 83.6 9.3 90.5 8.8
10 86.0 3.6 93.0 1.2 83.1 7.5 82.5 3.8 86.6 9.4
TRHER 2 79.4 3.4 82.1 6.4 84.9 7.8 79.3 8.7 93.6 10.1
5 75.5 4.4 77.2 1.1 88.2 5.1 77.6 7.9 91.7 3.2
10 71.6 4.7 83.6 1.7 87.3 6.9 75.2 4.5 86.8 2.8
i P 2 M s 2 76.2 8.7 78.3 1.2 83.5 1.3 74.8 1.7 73.9 1.6
5 77.1 2.1 81.5 9.1 81.2 9.1 75.5 8.5 76.2 1.8
10 75.5 2.2 75.4 1.3 80.1 2.2 74.5 8.6 77.1 6.6
R 2 89.3 1.5 92.7 10.2 87.6 0.6 89.7 8.5 91.8 6.2
5 84.4 0.4 91.3 9.3 90.8 6.2 88.4 1.6 90.1 4.6
10 84.5 7.9 91.5 4.5 90.7 9.1 88.3 2.6 92.9 3.5
il Pk i 2 92.0 0.8 95.8 9.7 100.2 8.5 99.2 5.2 101.5 8.9
5 92.7 5.2 99.1 7.6 97.8 1.9 97.3 6.4 96.2 2.1
10 95.6 1.5 92.7 8.6 91.0 2.6 104.1 7.1 98.1 9.3
T 2ERE 2 89.7 3.4 101.4 2.8 86.3 8.9 87.4 9.7 97.7 3.8
5 84.9 33 99.6 7.5 86.6 9.9 88.0 5.1 95.9 3.9
10 88.3 6.5 102.7 2.7 93.2 7.8 96.1 10.3 95.8 6.5
M 5 5 i 2 93.9 7.4 86.2 6.9 99.6 8.6 93.5 1.1 87.2 3.9
5 91.4 2.5 96.9 10.0 95.7 9.9 91.2 6.7 93.3 8.6
10 86.4 9.6 92.8 5.9 97.0 3.7 96.1 7.7 103.7 0.4
3 éi% i«/lﬁ\ herbicide asulam in groundwater: translocation to roots of

W FE N A 3L T — il oy 8O AR €0 3% — o3 3% 3 A )
2RI TS S B o N b RN | b I N G B T
A O R B R S PR GR A  EGR RRE i LR KL R R i
WA T e, I TG R A T [ I B O e 8Rk
BB HORT RN o 207 WA RO vE T SL B PR 255k
F A 00 7 9 T, ELAS: T 1 R 5 i A2 R L O TR IR R
MG 25 T 52 ) [ B 5 A v, T Sy vl 2L o8 2R B R
PEBR By BE 22 (Bl I3 i O8RS AR BEBOR SO HF

5% 30k
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