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Abstract: A method using QuEChERS clean-up followed by UPLC-MS/MS has been established for the

quantitative determination of the residues of 10 triazole fungicides and 18 triazine herbicides in Chinese

herbs including Radix Glycyrrhizae Radix Panacts Quinquefolii  Salvia miltiorrhiza Radix Notoginseng
and Panax ginseng C. The pesticide residues were extracted from the samples by acetonitrile containing
1% ( v/v) acetic acid cleaned-up with primary secondary amine ( PSA) and then analyzed using UPLC—
MS/MS in multiple reaction monitoring ( MRM) mode with positive electrospray ionization. The analytical
column was Shim-pack XR-ODS [[ (75 mm x 2.0 mm) and the mobile phases were water containing
0.05% ( v/v) formic acid and acetonitrile in gradient elution. The limits of quantification ( S/N=10) of
the 28 pesticides were 0.20 —5.52 pg/kg and the limits of detection ( S/N=3) were 0.10 - 2.57
wg/kg. All of the pesticides had good linear responses with r=0. 999 and the average recoveries of the
pesticides spiked in the Chinese herbs ranged from 70. 6% —125. 7% with the RSDs of 0. 7% — 14. 2%.

The results demonstrated that the method is simple fast and sensitive to meet the requirements for the tri—
azole fungicide and triazine herbicide residues and can be used for the analysis of the 28 pesticides in the
above five Chinese herbs.

Key words: QuEChERS; ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS) ; triazole fungicides; triazine herbicides; Chinese herbs
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28 2 ~ 10 mg( 0.01 0.22 pm o
mg) 1.4 UPLC-MS/MS
0.01 ~0.498 ¢g/L 1.4.1 UPLC
. . Shim-pack XR-ODSIT (75 mm x2.0
50 mL 9.9 ~514 mm) ; 140 C; :1.0 pLo 0.05% ( v/
pg/L 4 C v) (A ) (B )
o X :200 wL/min. 0~
1.3 3.0 min 65% A ~40% A;3.0 ~5.0 min 40% A;5.0 ~
20 8.0 min 40% A ~1% A;8.0 ~13.0 min 1% A;13.0
o 2 g 0.001 ¢) ~13.05 min 1% A ~65% A;13.05 ~15 min 65% A.
50 mL 2 mL 3 he 1.4.2 MS/MS
1% (v/v) 20 mL ( ESI) ;
20 mino 4 ¢ ; : ( MRM) ;
1g 2 min (5000 (1S) : 5500 V: ( TEM) : 550 C:
r/min) 5 min, 5 mL 50 mL ( CAD) : medium; : 10000 Dals;
900 mg 300 mg :50 ~1 000 Da. 1 o
PSA 2 min (5000 r/min) 5 min
1 28 N N
Table 1 Retention times precursor ions product ions and some MS/MS parameters for the 28 pesticides
No. Pesticide tg /min Precursor ion ( m/z) Product ions ( m/z) Declustering potential / V Collision energies/V
1 DIA 2.99 174.1 104.0"  96.1 90 31 25
2 sechumeton 3.70 226.2 170.1°  142.2 25 15 30
3 DEA 4.03 188.3 146.0°  104.1 30 20 33
4 hexazinone 4.87 253.2 171.1° 70.9 20 20 40
5 simazine 5.69 202.1 132.1° 124.1 30 24 24
6 cyanazine 5.68 241.2 214.3"  104.1 20 20 40
7 ametryn 5.71 228.2 116.0"  96.1 30 30 30
8 DET 5.72 202.1 146.0" 110.0 50 23 32
9 metribuzin 6.11 215.3 187.0° 130.9 30 25 30
10 atrazin 6.84 215.9 96.1° 174.0 20 30 23
11 prometryn 7.04 242.2 200.1"  158.0 26 26 26
12 prebane 7.17 242.3 91.1" 158.0 30 35 35
13 metazachlor 7.57 278.2 134.1° 105.1 30 30 60
14 propanil 8.23 218.0 162.0"  127.0 22 21 35
15 terbuthylazine 8.71 230.1 174.1°  104.1 40 23 41
16 alachlor 10. 14 270.2 162.1° 238.2 90 30 15
17 metolachlor 10. 14 284.3 252.2° 176.1 36 20 25
18 pretiachlor 11.40 312.2 252.2" 176.2 20 20 40
19 bonzi 7.96 294.2 69.9" 125.0 30 40 40
20 triadimenol 7.92 296.1 70.1° 99.1 50 20 30
21 myclobutanil 8.88 289.1 125.1° 70.0 30 44 24
22 triadimefon 9.23 294.2 197.17 225.0 10 20 20
23 tebuconazole 9.45 308.2 70.2" 125.3 20 30 30
24 fenbuconazole 9.52 337.1 125.0"  70.0 20 30 30
25 penconazole 9.93 284.2 158.9"  70.1 30 40 20
26 propiconazole 10. 19 342.1 159.0"  69.1 20 40 30
27 triflumizole 10.32 346.3 278.1° 73.0 30 13 20
28 difenoconazole 10.48 406.3 251.1° 374.1 50 30 20

*  Quantitative ion.
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2.1 UPLC-MS/MS
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Table 3 Effects of the recoveries of the 28 pesticides by
the three extraction and clean-up methods

Recoveries /%

Notoginseng
Recoveries/ %
No. Pesticide Aceton.itlﬁi]e . Acetone—
( containing Acetonitrile
1% formic acid) hexane

1 DIA 80.1 76.1 42.1

2 sechumeton 83.9 81.2 28.6

3 pretiachlor 86.4 80.9 45.5

4 DEA 92.3 89.9 39.7

5 hexazinone 79.4 82.5 25.8

6 simazine 89.1 59.8 31.1

7 cyanazine 77.4 86.6 17.9

8 ametryn 88.4 79.4 45.3

9 DET 80.7 44.2 12.7
10 metribuzin 85.6 82.3 55.1
11 atrazin 106.5 74.4 27.0
12 prometryn 93.6 86.2 16.8
13 prebane 90.7 86.0 41.9
14 metazachlor 81.3 85.4 37.4
15 bonzi 79.2 65.3 46.2
16 triadimenol 80.5 81.4 14.5
17 propanil 93.1 86.3 11.7
18 terbuthylazine 85.6 74.2 46.2
19 myclobutanil 87.4 79.0 62.1
20 triadimefon 84.6 83.1 37.6
21 tebuconazole 89.3 123.6 50.7
22 fenbuconazole 88.2 81.5 58.9
23 penconazole 91.2 80.6 32.8
24 alachlor 96.7 67.8 45.9
25 metolachlor 102.8 75.4 43.2
26 propiconazole 83.9 118.7 36.6
27 triflumizole 97.5 86.6 20.4
28 difenoconazole 85.8 86.2 45.3

N Pesticide Method 1© Method 2°  Method 3"
1 DIA 104.7 95.3 66.7
2 sechumeton 81.1 75.9 53.6
3 pretiachlor 96. 1 82.5 65.2
4  DEA 89.9 86.2 63.3
5 hexazinone 89.4 91.4 62.3
6  simazine 92.5 89.2 74.5
7  cyanazine 89.2 84.0 59.2
8  ametryn 89.4 75.6 59.4
9 DET 89.6 87.3 61.6

10 metribuzin 81.4 89.6 63.6

11 atrazin 83.0 82.3 61.3

12 prometryn 84.7 88.7 63.1

13 prebane 92.2 86.6 64.0

14 metazachlor 95.0 93.8 66.6

15 bonzi 83.2 99.7 67.8

16 triadimenol 78.5 83.8 56.2

17 propanil 94.9 76.6 76.5

18  terbuthylazine 85.6 87.2 60.1

19 myclobutanil 83.8 84.5 57.1

20 triadimefon 87.0 91.8 66. 1

21 tebuconazole 73.9 60. 1 51.7

22 fenbuconazole 85.8 65.0 57.8

23 penconazole 72.5 91.1 66.5

24 alachlor 89.0 95.9 68.0

25 metolachlor 95.3 99.1 75.5

26 propiconazole 87.2 96.8 77.0

27 triflumizole 95.0 81.5 50.0

28  difenoconazole 74.4 67.4 52.0

* Method 1: sodium acetate buffer system + PSA. Method 2: so—
dium acetate buffer system + PSA + GCB ( graphitized carbon
blacks) . Method 3: sodium citrate buffer system + PSA.
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Table 4 LODs LOQs linear ranges correlation coefficients ( r)
standard deviations of the 28 pesticides

~

N

recoveries and relative

No. Pesticide LOD/ LOQ/ Linear range/ Recoveries ( RSD) /% ( n=6)
( pg/kg) ( pg/kg) (ng/L) Spiked at LOQ Spiked at 5LOQ Spiked at 10LOQ
1 DIA 0.80 4.00 0.800 -40.0 0.9999 81.9(5.4) 74.8(1.3) 70.6(3.0)
2 sechumeton 1.01 2.02 0.405 -20.24 0.9999 102.9(3.3) 94.5(1.9) 99.1(1.3)
3 DEA 0.20 1.00 0.200 -10.0 0.9993 91.9(7.7) 75.3(7.0) 73.2(2.2)
4 hexazinone 0.97 1.94 0.389-19.44 0.9998 94.8(3.2) 85.0(3.4) 82.1(3.6)
5 simazine 0.68 3.38 0.676 -33.8 0.9999 89.0(6.1) 77.7(2.5) 79.4(1.0)
6 cyanazine 0.92 1.85 0.370 -18.48 0.9996 86.2(3.4) 73.4(2.6) 77.7(0.8)
7 amelryn 1.10 5.52 1.104 -55.2 0.9998 125.7(14.2) 94.9(3.6) 100.2(1.7)
8 DET 0.20 1.00 0.200 -10.0 0.9999 90.2(9.6) 74.0(8.3) 73.5(0.7)
9 metribuzin 2.57 5.14 1.028 -51.4 0.9999 86.6(3.9) 78.2(3.4) 79.6(3.1)
10 atrazin 1.03 5.14 1.028 -51.4 0.9996 118.6(12.2) 86.2(4.7) 85.4(0.7)
11 prometryn 0.21 1.02 0.205 -10.24 0.9999 105.0(2.9) 93.1(2.5) 94.3(1.5)
12 prebane 0.39 1.94 0.102 -5.12 0.9998 110.1(2.5) 112.9(4.3) 105.9(4.6)
13 metazachlor 0.50 1.07 0.214 -10.68 0.9998 101.2(7.2) 100.5(2.1) 116.7(1.2)
14 bonzi 0.21 1.03 0.206 -10.32 0.9997 75.9(11.2) 75.7(13.6) 99.9(7.9)
15 triadimenol 0.08 0.38 0.076 -3.784 0.9993 101.3(11.0) 94.8(13.8) 105.7(3.1)
16 propanil 0.40 1.98 0.397 -19.8 0.9997 100.8(2.7) 93.3(1.7) 98.2(2.9)
17 terbuthylazine 1.02 0.51 0.389-19.44 0.9999 77.9(5.4) 74.5(2.5) 72.9(1.2)
18 myclobutanil 0.22 1.09 0.218 -10.88 0.9998 109.6(3.4) 99.7(2.3) 104.5(1.0)
19 triadimefon 0.59 2.95 0.59-29.5 0.9996 114.3(8.4) 104.8(5.2) 100.8(3.1)
20 tebuconazole 0.094 0.47 0.094 -4.68 0.9997 116.4(11.2) 100.2(2.0) 99.2(1.2)
21 fenbuconazole 0.22 2.00 0.400 -20.0 0.9997 107.3(4.8) 97.7(2.3) 103.7(2.0)
22 penconazole 0.97 4.86 0.972 -48.6 0.9996 106.7(1.2) 95.9(2.5) 101.5(0.5)
23 alachlor 1.19 2.38 0.475-23.76 0.9996 102.6(1.4) 90.6(2.2) 97.7(1.4)
24 metolachlor 0.10 0.50 0.100 -5.0 0.9998 92.1(4.8) 95.8(1.3) 101.4(1.7)
25 propiconazole 1.01 2.02 0.404 -20.2 0.9997 96.4(4.1) 93.4(2.1) 100.9(2.7)
26 triflumizole 0.10 0.20 0.040 -2.004 0.9999 102.1(8.9) 83.4(1.1) 87.9(1.3)
27 difenoconazole 0.046 0.23 0.046 -2.304 0.9996 82.1(6.5) 79.1(1.7) 104.6(2.6)
28 pretiachlor 0.20 1.00 0.200 -10.0 0.9997 70.8(14.0) 70.7(6.9) 78.1(4.7)
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