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Research on Pesticide Residue Detection Methods and Limit Standards in Fritillaria Medicinal Herbs
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ABSTRACT: OBJECTIVE To establish a method for simultaneous determination of registered pesticides, prohibited pesticides,
and proposed new prohibited pesticide residues in Fritillaria Medicinal Herbs, and propose reference limits. METHODS The detec-
tion method for 95 pesticide residues in Fritillaria Medicinal Herbs was established using GC-MS/MS and LC-MS/MS. The prepared
samples were extracted with acetonitrile and then purified with the QuEChERs method. A total of 70 batches of samples were detected
by the established method. RESULTS  According to the GB 2763 conversion guidelines, imidacloprid and avermectin in Fritillaria
Medicinal Herbs should be converted to the maximum residue limit ( MRL) standards. Additionally, reference limit values are
proposed for the 18 prohibited pesticides that were previously suggested for addition. CONCLUSION The study of Fritillaria Medici-
nal Herbs aims to offer guidance and inspiration for the transformation of traditional Chinese medicine standards and the expansion of
the list of banned pesticides. It also provides a reference for the regulatory policies and technological advancements related to pesticide
residue management in Fritillaria Medicinal Herbs and other traditional Chinese medicines.
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Tab.1 Proposed addition of prohibited pesticide in the 2025 edition of the Chinese Pharmacopoeia

No. Pesticide Residues Forbidden date
1 Methidathion Methidathion 2019-11-29
2 2,4-D-Butyl ester 2,4-D-butyl ester 2023-01-23
3 Methomyl Methomyl 2019-11-29
4 Omethoate Omethoate 2019-11-29
5 Dimethoate Dimethoate 2019-08-01
6 Acephate Acephate
7 Carbosulfan Carbosulfan
8 Octachlorodipropyl ether Octachlorodipropyl ether 2008-01-01
9 Sulfluramid Sulfluramid 2020-01-01

10 Chlordane The sum of cis-chlordana, trans-chlordane, and oxy-chlordane, expressed as chlordane 2009-05-17

11 Mirex Mirex

12 Hexachlorobenzene Hexachlorohenzene

13 Chlorobenzilate Chlorobenzilate 2005-06-20

14 Heptachlor The sum of heptachlor, cis-heptachlor epoxide ,and trans-heptachlor epoxide, expressed as heptachlorine 2004-11-11

15 Endrin The sum of endrin,endrin aldehyde,and endrin ketone, expressed as endrin

16 Chlorpyrifos Chlorpyrifos 2016-12-31

17 Triazophos Triazophos

18 Fenvalerate The sum of fenvalerate and S-fenvalerate, expressed as fenvalerate 2002-05-24
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15 mL C,/PSA/GC-e/RE i fb A ( H A& 5 H A
H) s B S 35 9 PR PR B o BT 4%
IK A REEEIK 5 UK SR Ry o Hr i

3 A &
3.1 GC-MS/MS 4 4 1

SRPEASEBAAEAE (0. 25 mm x 30 m,0. 25 pm)
Agilent DB-17MS; HEFE IR :240 °C, AN it e ;

LA =R M Wi o = B T V= R = W B 3
1.2 mL « min ' JF2 J5 Fh i W0 4R 6 E 60 °C, £ 5
0.75 min, 4 30 C + min™' JF & 170 °C, F D4
2%C - min7'ﬂ§ 230 C,HLL 15 C - min7'ﬂ§
300 C, 456 min, —F DU AT R I &5 ; &5 150
T2 &R (ED) 70 eV B EE 200 °C 5 Rl <0
T US4 1R EE 250 °C 5 ik i . &
SO W (MRM) |, 405 45 R 2540 65 i 25 1k
P ISFIA] I B X% Al L Hs (CE) Wk 2,

R2 GC-MS/MS KK RG] B BT & MESEE Ak R 2k A IR Ae 2 7 R

Tab.2 Information, retention time, monitoring ion pairs, linear ranges, correlation coefficients, limits of detection and matrix effects
by GC-MS/MS
tR m/z m/z Linear range LOD Matrix
No. Pesticides ,
/min ( Quantitative ion) ( Quanlitative ion) /ng + mL~ 1 /mg + kg~ 1 effect
1 Ethoprophos' )4) 10.22 199.7 >157.8 157.8 >96.7 2.015 -100. 75 0.999 7 0. 005 1. 14
2 Sulfotep!4) 11.26 322.0>174.0 322.0>294.0 1.995 -99.75 0.999 7 0. 001 1.12
3 Hexachlorobenzene?) 11.37 283.8 >248.8 283.8 >213.8 1-50 0.998 9 0. 000 4 1. 08
4 a-BHCD 12.17 181.0>145.0 218.7>182.9 5.025 -251.25 0.999 8 0. 001 1.05
5 Terbufos!)4) 12. 82 230.8>129.0 230.8 >175.0 1.99 -99.5 0.999 6 0. 001 1.29
6 Diazinon3)4) 13. 41 304.1>179.1 304.1>162. 1 1-50 0.999 7 0. 001 1.24
7 ‘y—BHC” 14.32 181.0>145.0 218.7>182.9 5.02 -251 0.999 2 0. 002 1.12
8 Fonofos!)4) 14. 46 246.0 >109. 1 246.0>137.1 2 -100 0.999 1 0. 000 6 1.35
9 Monocrotophos )4) 14. 46 127.0>109.0 127.0>95.0 2.99 -149.5 0.999 7 0. 008 0.78
10 Fipronil! )4) 15.38 388.0>333.0 388.0>281.0 2.01 -100.5 0.999 7 0.003 1.25
11 B—BHCI) 15.74 181.0>145.0 218.7>182.9 5.045 -252.25 0.999 8 0. 001 1. 15
12 Heplm:hlor2> 16. 01 271.8 >236.9 271.8 >141.0 1 -50 0.999 7 0. 001 1.30
13 Isazofos!)*) 16.13 257.0>162.0 257.0>119.0 1.01 -50.5 0.999 7 0. 003 1.39
14 2,4-D-Butyl ester?) 16. 18 276.0>185.0 276.0>57.0 1-50 0.999 3 0.01 1. 11
15 Octachlorodipropyl ether?) 16.48 129.9 >94.9 108.9>83.0 1-50 0.998 1 0.01 1.30
16 §-BHC!) 17. 60 181.0>145.0 218.7>182.9 5.02 -251 0.999 5 0. 005 1.04
1472 — = 350 3
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£F3R 2 ( continued )

IR m/z m/z Linear range LOD Matrix

No. Pesticides r

/min (Quantitative ion) (Quanlitative ion) /ng + mL ! /mg + kg ! effect
17 Aldrin!) 17.96 262.7>192.7 255.0 >220.0 4.995-249.75  0.999 8 0. 006 1.07
18 Parathion-methyl)4) 19.18 263.1>109.0 263.1>79.0 1.995 -99.75 0.999 6 0.003 1. 11
19 0,p'-Dicofol) 20. 12 139.0>111.0 250.0>139.0 0.995 -49.75 0.997 2 0.003 1.48
20 Chlorpyrifos?)4) 20. 28 313.8 >257.8 313.8 >285.8 1-50 0.999 5 0.01 0.93
21 Fipronil-sulfide!)4) 20. 69 420.0>351.0 420.0 >255 2.015-100.75  0.999 6 0.02 1.51
22 Fipronil )4 20. 85 351.0>255.0 367.0>213.0 1.99-99.5 0.999 3 0.001 1.14
23 Oxy-chlordane?) 21. 11 185.0 >149.0 185.0 >121.0 1-50 0.998 6 0.02 1.43
24 Parathion!) 21.23 291.0 >109.0 291.0 >81.0 2.03-101.5 0.995 6 0.01 1.81
25 p,p'-DicofolV 21.89 139.0>111.0 250.0>139.0 4 -200 0.995 3 0.003 1.52
26 cis-Heptachlor epoxide?) 22.22 352.8 >262.9 352.8 >281.9 1-50 0.999 8 0. 002 1.49
27 Isofenphos-methyl)4) 22.75 241.0>120.8 241.0>199.0 2.01 -100.5 0.999 7 0.003 1.16
28 trans-Heptachlor epoxide?) 22.94 252.9>182.9 252.9 >218.0 1-50 0.998 1 0.02 1.10
29 trans-Chlordane?) 23.7 372.8 >336.8 372.8 >263.9 1-50 0.999 5 0.003 0.93
30 Isocarbophos)*) 23.92 135.7 >108.0 120.7 >65.0 5.02 -251 0.999 3 0.01 1.21
31 cis-Chlordane?) 24.71 372.8 >336.8 372.8 >263.9 1-50 0.999 4 0. 002 1.23
32 a-Fndosulfan!) 24.92 240. 8 >205. 6 240. 8 >170.0 4.985-249.25  0.999 3 0. 008 1.20
33 Fipronil-sulfone! 4 26.20 383.0>255.0 383.0>213.0 2.02 -101 0.999 1 0. 001 1.11
34 p,p'-DDED 27.26 246.0 >176.0 316.0 >246.0 5.01 -250.5 0.999 9 0. 001 1.50
35 Dieldrin®) 27.40 263.0>193.0 276. 8 >240.7 5.01 -250.5 0.999 7 0.003 1.22
36 Fenamiphos! %) 28.79 303.1>122.0 303.1>154.0 2 -100 0.999 1 0. 007 1.24
37 Phosfolanmethyl)4) 29. 84 227.0 >92.0 227.0 >167.8 3-150 0.999 7 0.01 1.91
38 Chlorobenzilate?) 30. 03 251.0 >139.0 251.0 >111.0 1-50 0.995 2 0. 005 1.49
39 Endrin?) 30.92 262.8>193.0 244.8 >173.0 5.01 -250.5 0.999 5 0. 004 1.75
40 Nitrofen!) 31.32 201.8 >138.7 282.8 >253.0 4.98 -249 0.999 0 0. 006 1.49
41 o0,p’-DDTV 31.50 235.0>165.0 237.0 >165.0 5.02 -251 0.998 5 0. 002 1.44
42 p,p'-DDDV) 32.29 235.0>165.0 237.0>165.0 4.995-249.75  0.998 9 0. 002 1.30
43 B-Endosulfan') 32.48 194.8 >159.0 194.8 >124.7 5.01 -250.5 0.999 6 0.003 1.67
44 p,p'-DDTY 34.56 235.0>165.0 237.0>165.0 5.005-250.25  0.996 7 0. 004 1.22
45 Endrin aldehyde?) 34.96 249.8 >214.9 344.9 >244.9 1-50 0.999 8 0.02 1.18
46 Endosulfan sulfate!) 35.91 271.8 >236.7 273.8 >238.9 1-50 0.999 6 0. 001 1.21
47 Triazophos?)4) 36.77 257.0 >162.0 257.0>134.0 1-50 0.998 8 0. 008 1.71
48 Iprodione3) 37.24 314.0>245.0 314.0>56.0 1-50 0.999 5 0.02 1.37
49 Cyfluthrin®) 37.72/38.01 197.0>161.0 197.0 >141.0 1-50 0.997 1 0.04 2.01
50 Mirex?) 38.18 273.8 >238.8 271.8 >236. 8 1-50 0.999 7 0. 001 1.08
51 Endrin ketone2) 38.36 316.9 >244.9 316.9 >242.9 1-50 0.997 2 0.03 1.51
52 Coumaphos!)®) 40. 85 361.8 >109.0 361.8 >225.8 5.01 -250. 5 0.997 3 0. 001 1.38
53 Fenvalerate?) 42.73/43.16 167.0 > 125. 1 225.0>119.0 1-50 0.999 1 0. 001 112
54 Azoxystrobin?) 48.34 344.1>183.1 344.1>329. 1 1-50 0.998 9 0.06 1.58
55 Triphenyl phosphate 37.47 326.0>233.0 326.0 >215.0

e BRI — AR AR ) — B0 — RS GC-MS/MS 371 LC-MS/MS 34 T 34 AR o
Note:!) — forbidden pesticides;2) - add forbidden pesticides;3) - registering pesticides;*) — could be detected by both GC-MS/MS and LC-MS/MS methods.
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F3  LC-MS/MS Il & R 215 & R W A B B a2 b ST AR R AR B AR I PR e R
Tab.3 Information, retention time, monitoring ion pairs, linear ranges, correlation coefficients, limits of detection and matrix effects

by LC-MS/MS

Iy m/z m/z Linear range LOD Matrix
No. Pesticides r

/min (Quantitative ion) (Quanlitative ion) /ng - mL~! /mg - kg ! effect

1 Methamidophos!) 1.04 141.93 >93. 88 141.93 >78. 88 5.02 -251 0.998 9 0.000 1 1.03
2 Acephate?) 1.10 183.73 >142. 88 183.73 >94.88 1-50 0.999 8 0.000 3 1.01
3 Omethoate?) 1.18 214.21 >182.97 214.21 >108. 88 1-50 0.999 7 0.000 1 0.98
4 Aldicarb-sulfoxide!) 1.25 224.01 >207. 00 224.01 >88.97 10.005 -500.25  0.999 9 0. 002 1.05
5 Propamocarb®) 1.29 189. 08 >102. 07 189. 08 >74. 00 1-50 0.999 9 0.000 2 0.97
6  Aldicarb-sulfone!) 1.40 240.01 >223.05 240.01 >85.97 10.015 -500.75  0.999 9 0.000 6 0.87
7 Monocrotophos!) 2.21 224.04 >126.97 224.04 >98. 00 2.99 -149.5 1.000 0 0.000 6 0.94
8  Phosfolan methyl!) 2.41 227.87 >167.90 227.87>108.92 3-150 0.999 8 0. 002 1.02
9 Dimethoate?) 2.42 230.27 >169. 88 230.27 >108. 80 1-50 0.999 3 0.000 1 0.99
10 Chlordimeform!) 2.76 196. 98 >45.97 196.98 >116.97 2 -100 1.000 0 0.000 7 1.03
11 Imidacloprid®) 3.00 256. 00 >209. 05 256.00 >175.13 1-50 0.999 9 0. 000 2 1.07
12 Clothianidin®) 3.10 250. 01 >169. 00 250.01 >132.00 1-50 0.999 9 0.000 4 1.10
13 Methomyl? 3.70 163. 21 >106. 97 163.21 >76. 88 5-250 0.999 9 0.000 8 0.65
14 Carbofuran-3-hydroxy!) 3.70 238.07 >181.05 238.07 >163. 05 5.01 -250.5 0.999 8 0.000 1 0.63
15 Cymoxanil®) 4.24 198.90 >128. 00 198.90 >111. 00 1-50 0.999 8 0.000 5 1.04
16 Phosfolan!) 5.21 255.98 >139. 88 255.98 >195.97 3.005 -150.25  0.999 4 0.000 1 0. 86
17 Aldicarb!) 5.21 208. 14 > 116. 00 208. 14 >89. 00 10.015 -500.75  0.998 4 0.000 3 0.97
18 Phosphamidon!) 6.05 300.01 >173.97 300. 01 >126.97 5.01 -250.5 0.999 5 0.000 2 0.89
19 Carbofuran!) 6.47 222.01 >165.05 222.01 >122.97 5-250 0.999 4 0.000 1 0.87
20 Metsulfuron-methyl") 6.52 382.07 >167.05 382.07 > 141. 05 2 -250 0.999 9 0.000 1 0. 86
21 Fenamiphos sulfoxide!) 6. 80 320. 11 >232.97 320.11 >171.00 2.01 -100. 5 0.999 9 0.000 1 0.95
22 Fenamiphos sulfone!) 6.94 336. 07 >266. 05 336.07 >187.97 2 -100 1.000 0 0.000 1 0.70
23 Chlorsulfuron!) 6.98 357.98 > 141.05 357.98 >111. 00 2 -100 0.999 7 0.000 1 0.98
24 Ethametsulfuron-methyl!) 7.31 411.07 >167.97 411.07 >170. 05 5-250 0.999 9 0.000 1 0.95
25 Phorate sulfoxide!) 7.49 276.97 >198.97 276.97 >142. 88 2.005 -100.25  0.999 9 0.000 1 0.93
26 Phorate sulfone!) 7.60 293.10 >170.97 293.10 >142. 88 2.02 -101 0.999 1 0.000 1 0.91
27 Imazalil®) 7.81 297.06 > 158. 96 297. 06 >200. 86 1-50 1.000 0 0.000 7 0.94
28 Tsocarbophos!) 7.96 312. 05 >270. 00 312. 05 >203. 00 5.02 -251 0.999 4 0. 009 0. 60
29 Methidathion?) 8.18 303. 00 > 145. 00 303. 00 >85. 00 1-50 0.999 9 0.000 1 0.90
30 Demeton!) 8.61 258.97 >88.97 258.97 >60. 88 1-50 0.999 5 0.000 1 0.91
31 Terbufos sulfone!) 8. 68 321.04 >170.97 321.04 >142. 88 2.005 -100.25  0.999 9 0.000 1 0.96
32 Terbufos sulfoxide!) 8.76 305. 06 > 186.97 305. 06 > 131. 00 2.01 -100.5 0.999 3 0.000 1 1.01
33 Azoxystrobin?) 8.83 404.12 >371.93 404.12 >343.93 1-50 0.999 5 0.000 2 0.97
34 Cyazofamid metabolite CCIM?) 4) 9.33 216. 05 >216.00 218.00 >218. 00 1-50 0.999 8 0.000 1 0.85
35 Triazophos?) 9.51 314.05 >178. 00 314.05 >119. 10 1-50 1.000 0 0.000 1 0.95
36 Tsazafos') 9.54 314.06 >272.00 314.06 >119. 88 1.01 -50.5 0.999 9 0.000 1 0.99
37 Fipronil-desulfinyl!) 4) 9.78 387.00 >351.05 387.00 >281.97 2.01 -100.5 0.999 1 0.000 2 0.93
38 Cyazofamid®) 9.83 325.00 >107.99 327.00 > 108. 00 1-50 0.999 7 0. 001 1.25
39 Ethoprophos!) 9.94 242.98 >130. 88 242.98 >172.97 2.015-100.75  0.999 6 0.000 1 0.95
40 Fipronil) ¥ 10. 01 435.00 >329.97 435.00 >249.97 1.99 -99.5 0.997 1 0.000 1 1. 00
41 Fenamiphos') 10. 13 304. 08 >216.97 304. 08 >201.97 2 -100 1.000 0O 0.000 1 1.03
42 Fipronil-sulfide!) +) 10. 17 419. 00 >261.97 419.00 >313.97 2.015-100.75  0.999 6 0.000 1 0.94
43 Difenoconazole’) 10.25 406. 00 >251. 00 406. 00 >337.00 1.004 -100. 4 0.999 6 0.000 1 0.96
44 Sulfotep!) 10. 36 323.03 >96. 88 323.03 >114.88 1.995 -99.75 0.999 6 0.000 1 1.02
45 Tsofenphos-methyl!) 10.37 332.06 >230.97 332.06 >121.00 2.01 -100.5 0.999 9 0.000 1 0.98
46 Fipronil-sulfone!)*) 10. 41 451.00 >415.05 451.00 >243. 88 2.02 -101 0.999 8 0. 000 2 0.93
47 Tebuconazole) 10. 44 308. 05 >70.07 308. 05 > 124.99 1-50 0.999 8 0.000 1 1.06
48  Fonofos") 10. 57 247.02 >109. 00 247.02 >137.00 2 -100 0.999 8 0.000 2 1.00
49 Diazinon®) 10. 65 305. 05 >169. 05 305. 05 > 153. 08 1-50 1.000 0 0.000 1 0.91
50  Coumaphos') 10. 67 363. 08 >226.97 363. 08 >306. 97 5.01 -250.5 0.999 7 0.000 1 1. 06
51 Pyraclostrobin®) 10.79 388.10 >194. 13 388. 10 >296. 05 1-50 0.999 9 0.000 1 0.85
52 Phorate!) 10. 84 261.05 >75.00 261.05 >47.00 2 -100 0.999 7 0.000 5 0.90
53 Cadusafos!) 11.25 271.06 > 158. 88 271.06 >130. 88 0.401 -20. 05 1.000 0 0.000 1 0.97
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473K 3( continued )

tg m/z m/z Linear range LOD Matrix
No. Pesticides r
/min ( Quantitative ion) (Quanlitative ion) /ng + mL~! /mg - kg ! effect
54 Fluazinam?)4) 11.78 462.83 >415.91 462.83 >397.89 1-50 1.000 0 0.000 1 0.92
55 Terbufos!) 11. 80 289.05 >102.97 289.05 >232.92 1.99 -99.5 0.999 8 0. 006 0.87
56 Chlorpyrifos?) 12. 16 349.90 > 198. 00 349.90 >97. 00 1-50 0.999 9 0.000 1 0.98
57 Sulfluramid?)4) 12.20 526.05 >168.97 526.05 >218.97 1-50 1.000 0 0.000 2 0.81
58 Abamectin?) 13.39 890. 74 >305. 22 890. 74 >307. 22 1-50 0.999 3 0.02 1.49
59 Carbosulfan?) 13.52 381.20 > 160. 05 381.20 >75. 88 1-50 0.999 7 0.000 2 0.82

T D ARG Y - U R 2D - BIOR Y - U TR

Note: ! — forbidden pesticides;2) — add forbidden pesticides;3) — registering pesticides;*) — ESI ~

10 mL S, G RRBE T 25 2 208 . il BUAH
L BE BT A A2 R L A VAT, BT - 18 Tk
FBECAEAE o B 11 DUBERE S, TR S V8 Vo 5
PARFR 4525 [ DUBESE AT . T2 I DL R
VBOKE TR A T BE At 25 YRR B AR L M B2 4% 1 mL (8
JEE BRI 2R TAE, RECHLH . LC-MS/MS Il 7& Hij
JIA T mL 7K GC-MS/MS Jll & Hi A 0.3 mL AR
TR, B

3.3.2  NBRIEIRAHEIA RS S PRIUBE R = KR XS
WSS, B 0.2 pg - mL7™', $25,
HIFE

3.3.3 PSR TR RS Rk R
(i =50 B 3 g MEARE , B 50 mL AR LN
HIEBE T I 1% UKBERREER 15 mL, 8 e i 245
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IR AY, EAR G # L R ZU4R S (5543 B0 1 000 ¥k)
5 min, A JC/K B B 86 5 TC K & BR B R A B R
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O Methanol system W Acetonitrile system

b b,

12 14 (7 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0 52 54 56 S8
Number

1~58 - (LEWFS5%£3 —5.

1 - 58 — the numbers are consistent with Tab. 3.

1 WEfCERAA R EHom %R

Fig. 1 The effect of methanol and acetonitrile systems on the response of pesticide compounds

5.2 BRI U U K B ] B9 AR AL Tl 2005 1y H 0 itj% YO ] S, (3
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0, HBUE TR A 0 B A RO (K TR A KLU g ﬂ&ﬁ’]?ﬁ Wi, 45 2R s, A
I mL R 0.3 mL oK. PLobik il s i kel SIMAOKIEg 11 i, 31X 3 MU G0 e kg
VEWAEN A I, 7 P el CE W IR UR R 3 RS RIA RO, IRl 2.,

Acetonitrile:Water=1:0.3 Acetonitrile:Water=1:1 i
Methamidophos Methamidophos

004 020 040 060 080 100 120 140 160 180 2.04 004 020 040 060 080 100 120 140 160 180 2.04
1/ min 1/ min
Acephate Acephate
010020 040 060 080 100 120 140 1.60 180 200210 010020 040 060 080 100 120 140 160 180 200210
1/ min 1/ min
Omethoate Omethoate
019 040 060 080 100 120 140 160 180 200 219 019 040 060 080 100 120 140 160 180 200 219
1/ min 1/ min

B2 R ] 2 A A & R R 3R 2 T B R v

Fig.2 The effect of different ratios of acetonitrile and water in the sample solution on the peak shapes of pesticide compounds
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R PPHAIERGE YEEAT PR . BT SR k4.
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F4 TOMIMEFHERAGMEER
Tab. 4 Pesticide determination results of 70 batches of Fritillaria samples
No. Pesticides (in Chinese) Detected batches Detected rate/% Maximum value/mg + kg ~! Minimum value/mg + kg !
1 Azoxystrobin ( A T g ) 16 22.9 0.079 0.011
2 Hexachlorobenzene ( 75%545) 7 10.0 0. 030 0. 0053
3 Pyraclostrobin ( Mk # S ) 7 10.0 0. 050 0. 050
4 Chlorpyrifos ( FEEM5) 2 2.9 0.013 0.013
5 Propamocarb ( FE%5 ) 2 2.9 0.020 0. 0057
6 Clothianidin ( 1 81 % ) 1 1.4 0. 048 0. 048
7 Iprodione ( SET# 1K) 1 1.4 0. 044 0. 044
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