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Abstract: Wolfberry fruit is very popular among consumers because it is rich in nutrients.

However, it is vulnerable to diseases caused by insect pest feeding and microbial pathogen
infection. Pesticide application is the main approach for controlling wolfberry disease; however,
various concerns have been raised regarding chemical residues in foodstuffs and consequent
environmental contamination. Matrix interference is a significant challenge in trace analysis.
Chromatography, coupled with MS techniques with high sensitivity and selectivity, proved to be
a powerful tool for the detection of multi-pesticide residues in complex matrices. The traditional
MRM mode has been gradually replaced by the dynamic MRM (dMRM) mode, which could
dynamically allocate the retention time window of each target pesticide, significantly adjust the
loading cycle time of multiple compounds, and improve the analysis efficiency. The QUEChERS
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pretreatment method, based on dispersive solid-phase extraction, has been widely used in the
detection of pesticide residues in food because it is simple and rapid. In this study, a robust and
high-throughput method was established for the simultaneous determination of 118 pesticide
residues in wolfberry using the modified QUEChERS method, combined with gas chromatogra-
phy-triple quadrupole mass spectrometry in dMRM mode. The optimal pretreatment method was
determined by comparing the recovery rates obtained with different volumes of added water (5,
10, 15, and 20 mL) , different extraction solvents (acetone, n-hexane, acetonitrile, and aceto-
nitrile containing 0. 1% formic acid), different extraction temperatures ( normal temperature,
-18 C for 10 min and 20 min) , water absorbent ( anhydrous magnesium sulfate ) , and purifica-
tion with primary secondary amine ( PSA) and octadecylsilane (C ;). The results showed that 5
g samples were rehydrated with 10 mL ultrapure water, extracted with 10 mL acetonitrile, fro-
zen at —18 C for 10 min, partitioned with buffer system salt package containing 4.0 g anhy-
drous magnesium sulfate, 1. 0 g sodium chloride, 1.0 g sodium citrate, and 0. 5 g disodium cit-
rate, purified up with 800 mg MgSO,, 150 mg PSA, and 150 mg C,,. Pesticides were separated
on a capillary column HP-5MS UI (30 mx0.25 mmx0.25 pm), and quantified by a matrix-
matched external standard method. The results showed that the 118 pesticides exhibited good
linearity in the range from 20 to 640 pg/L, with correlation coefficients R*=0. 992 3. The limits
of detection and quantification were 0. 006-28. 344 ng/kg and 0. 021-94. 480 wg/kg, respectively.
The average recoveries at four spiked levels of 0. 01, 0.04, 0. 10, and 0. 20 mg/kg were in the
range of 64. 97% —126. 21%, with relative standard deviations ( RSDs) of 0. 69%—18.86% (n =
6). The results of the matrix effect showed that 82% of the pesticides exhibited matrix enhance-
ment effects, while others showed matrix inhibition effects. In addition, 9% of the pesticides
showed a strong matrix effect, while others showed moderate or weak matrix effects. The
matrix effects could be reduced by the matrix-matched standard curve method. The proposed
method was employed for the analysis of 10 real samples purchased from local markets. The
results demonstrated that pesticides were detected in all the samples, 22 pesticides were detec-
ted in total, and 3-12 pesticides were found in a single sample. Chlorpyrifos, fipronil, cyper-
methrin, pyridaben, and difenoconazole were detected at high detection rates. The captan con-
tent in a batch of samples was 1.406 6 mg/kg. Thus, the optimized method is simple, fast,
accurate, and reliable, and it is suitable for the routine detection and rapid screening of the
multi-pesticide residues in wolfberry.

Key words: gas chromatography-triple quadrupole mass spectrometry ( GC-MS/MS) ; dynamic
multiple reaction monitoring (dMRM ) ; pesticide residue; dried wolfberry
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Table 1 Retention times and MS parameters of the 118 pesticides

No. Compound Retention time/min Ton pairs/ (m/z) Collision energies/eV
1 dichlorvos ( #iiE) 4.64 184.9>93.0, 109.0>79.0 15,5
2 carbofuran (5 H &) 4.91 164.2>149.1, 149.1>121.1 10, 5
3 captan ( 5L FT) 5.91 151.0>80.0, 151.0>79.0 5,15
4 carbaryl ( I Z58) 6.14 144.0>116.1, 144.0>115.1 10, 20
5 molinate ( R EL) 6.28 126.2>98.1, 126.2>55.1 5, 10
6 tecnazene ( PUSAYIEZE) 6.78 258.9>201.0, 214.9>179.0 10, 10
7 hexaflumuron ( Fi44 k) 6.80 277.0>176.0, 277.0>148.0 15, 30
8 diphenylamine ( —ZEH¢) 6.85 169.0>168.2, 168.0>167.2 15, 15
9 ethoprophos ( K£:#) 6.89 157.9>114.0, 157.9>97.0 5,15
10 chlorpropham ( F % R ) 6.99 171.0>127.1, 127.0>65.1 5,25
11 trifluralin (SRR ) 7.11 305.9>264.0, 264.0>160.1 5,15
12 sulfotep (JHUEHE) 7.24 321.8>145.8, 201.8>145.9 25, 10
13 cadusafos (k%) 7.29 158.8>97.0, 126.9>98.9 15,5
14 phorate ( H %) 7.36 260.0>75.0, 121.0>47.0 5, 30
15 a-hexachlorocyclohexane (a-757578) 7.47 218.9>183.0, 216.9>181.0 5,5
16 hexachlorobenzene ( 75% ) 7.63 283.8>248.8, 283.8>213.9 15, 30
17 dicloran ( 5 iHM) 7.67 160.1>124.1, 124.1>73.0 10, 10
18 y-hexachlorocyclohexane (y-73757%) 7.79 216.9>181.0, 181.0>145.0 5,15
19 B-hexachlorocyclohexane (B-75757) 7.90 216.9>181.0, 181.0>145.0 5,15

20 terbufos (¢ T Hi#) 7.99 230.9>175.0, 230.9>129.0 10, 20

21 propyzamide ( HAR LR ) 8.02 175.0>147.0, 173.0>145.0 15, 15

22 trichlorfon (& H) 8.06 109.0>81.0, 109.0>63.0 6, 10

23 quintozene ( FLFHFETE) 8.06 295.0>236.8, 248.8>213.8 20, 15

24 fonofos (M HUBLHS ) 8.08 245.9>109.0, 136.9>109.0 15,5

25 pyrimethanil ( W5 %) 8.12 198.0>183.1, 198.0>118.0 15, 35

26 diazinon ( W) 8.12 137.1>84.0, 137.1>54.0 10, 20

27 S-hexachlorocyclohexane (8-75757%) 8.35 217.0>181.1, 181.1>145.1 5,15

28 pirimicarb (HTEF ) 8.53 238.0>166.2, 166.0>55.1 10, 20

29 phosphamidon ( #}% ) 8.76 226.9>127.0, 127.0>109.0 5,10

30 vinclozolin ( Z A ) 8.92 197.9>145.0, 187.0>124.0 15, 20

31 chlorpyrifos-methyl ( F1 5L 5L ) 8.95 287.9>92.9, 285.9>92.9 20, 20

32 parathion-methyl ( F 3% i ) 8.95 262.9>109.0, 232.9>109.0 30, 10

33 tolclofos-methyl ( H &7 #if ) 9.03 265.0>250.0, 265.0>93.0 15, 25

34 metalaxyl ( F R ) 9.12 192.0>160.1, 160.0>145.1 5,10

35 heptachlor (-L44) 9.13 273.7>238.9, 271.7>236.9 25, 25

36 paraoxon ( X4 W) 9.13 148.9>119.0, 108.9>91.0 5,5

37 isazofos (MR ) 9.35 161.0>146.0, 161.0>119.1 5,5

38 fenitrothion ( AMEHTHE) 9.39 277.0>260.1, 277.0>109.0 5, 20

39 malathion ( ZHRLETHE) 9.53 172.9>99.0, 126.9>99.0 15,5

40 fenthion (A ) 9.71 278.0>109.0, 124.9>79.0 15,5

41 aldrin (3 FEH]) 9.72 262.9>192.9, 254.9>220.0 35, 20

42 chlorpyrifos ( #:5E1 ) 9.75 314.0>286.0, 314.0>258.0 20, 15

43 parathion (X} Hi#k) 9.77 290.9>109.0, 138.9>109.0 10, 5

44 triadimefon ( =P&HE) 9.78 208.0>181.1, 208.0>111.0 5,20

45 dicofol ( =&AWL ) 9.83 250.9>138.9, 139.0>111.0 15, 15

46 isocarbofos (/K JEHLI ) 9.87 135.9>108.0, 120.0>92.0 15, 10

47 cyprodinil ( B TE ) 10.18 225.2>224.3, 224.2>208.2 10, 20

48 isofenphos-methyl ( B 35 MR ) 10.19 241.0>121.0, 199.0>121.0 15, 15

49 pendimethalin ( —H R ) 10.28 251.8>162.2, 251.8>161.1 10, 15

50 penconazole ( J&TEM) 10.31 248.0>192.1, 248.0>157.1 15, 25

51 tolylfluanid ( ! # FUA% i ) 10.40 237.9>137.0, 136.9>91.1 25, 25

52 fipronil ( L HUIE) 10.45 350.7>254.9, 254.8>228 15, 15

53 triadimenol ( =M/ ) 10.50 168.0>70.0, 128.0>65.0 10, 25
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Table 1 (Continued)
No. Compound Retention time/min Ton pairs/ (m/z) Collision energies/eV
54  zoxamide (ZEBEENE) 10.57 189.0>161.1, 187.0>159.1 15, 15
55  procymidone (JEEF)) 10.61 282.8>96.0, 282.8>68.1 10, 15
56 triflumizole (J5JM:) 10.62 206.0>186.0, 206.0>179.0 10, 15
57  haloxyfop-methyl ( FILHF AR ) 10.72 375.0>316.0, 316.0>91.0 10, 20
58  methidathion (A$Mg) 10.77 144.9>85.0, 144.9>58.1 5,15
59  chlordane (%F}) 10.78 372.9>265.9, 271.9>236.9 20, 15
60  fenothiocarb (kEIEmM: R H R ) 10.84 160.1>72.1, 72.0>56.0 10, 10
61 o0, p’-dichlorodiphenyldichloroethylene ( o,p’-iii# ") 10.84 248.0>176.2, 246.0>176.2 30, 30
62  flumetralin ( 975 %) 10.96 143.0>117.0, 143.0>107.1 20, 20
63  picoxystrobin (4 HE) 11.07 145.0>115.1, 145.0>102.1 15, 25
64  fenamiphos (#Zki) 11.10 217.0>202.1, 154.0>139.0 10, 10
65  hexaconazole ( C.WkEE) 11.19 256.0>159.0, 231.0>175.0 15, 10
66  profenofos (NIRHE) 11.31 338.8>268.7, 207.9>63.0 15, 30
67  pretilachlor (AE %) 11.33 162.1>147.2, 162.1>132.2 10, 20
68  p,p’-dichlorodiphenyldichloroethylene (p,p’-iiEH) 11.39 315.8>246.0, 246.1>176.2 15, 30
69  dieldrin (Zk [GH) 11.47 277.0>241.0, 262.9>193.0 5,35
70  myclobutanil ( J§ B ) 11.48 179.0>125.1, 150.0>123.0 10, 15
71  flusilazole (JRAiEME) 11.52 314.7>232.9, 233.0>165.1 10, 15
72 o,p’-dichlorodiphenyldichloroethane (o,p’-li4i% i) 11.54 237.0>165.2, 235.0>165.2 20, 20
73 fipronil-sulfone ( 4% F 38 ) 11.54 384.8>256.8, 382.8>254.9 20, 20
74 thifluzamide (BETKEERE) 11.58 193.9>166.0, 193.9>124.9 10, 25
75  chlorfenapyr ( HUfi ) 11.80 246.9>227.0, 136.9>102.0 15, 15
76 endrin ( FIKICH]) 11.86 262.8>193.0, 244.8>173.0 35, 30
77 p,p’-dichlorodiphenyldichloroethane (p,p’-T%iHi%) 12.13 236.9>165.2, 234.9>165.1 20, 20
78  o0,p’-dichlorodiphenyltrichloroethane (o,p’-/F i) 12.20 237.0>165.2, 235.0>165.2 20, 20
79 clethodim (/R ) 12.34 205.0>176.0, 164.0>81.0 15, 25
80  triazophos ( =MEE) 12.41 161.2>134.2, 161.2>106.1 5, 10
81  benalaxyl (#FER) 12.59 148.0>105.1, 148.0>77.0 20, 35
82  edifenphos ( FiIE#E) 12.67 201.0>109.0, 172.9>109.0 10, 5
83 trifloxystrobin (5 ) 12.71 172.0>145.1, 116.0>89.0 15, 15
84  p,p'-dichlorodiphenyltrichloroethane (p,p’-iEiF ) 12.78 235.0>199.1, 235.0>165.1 15, 20
85  propiconazole ( PNFRIMA) 12.78 172.9>145.0, 172.9>74.0 15, 45
86  tebuconazole ( J¥m:E) 13.00 250.0>125.0, 125.0>89.0 20, 15
87  propargite (HiR) 13.05 135.0>107.1, 135.0>77.1 10, 30
88  piperonyl butoxide (%5 ) 13.12 176.1>131.1, 176.1>103.1 15, 25
89  bioresmethrin (ZE47 AR ) 13.15 143.0>128.1, 123.0>81.1 10, 8
90  azinphos-methyl ( A5iHE) 13.63 160.0>77.0, 160.0>50.9 16, 34
91  phosmet (EWEHIHE) 13.65 160.0>133.1, 160.0>77.1 10, 20
92 bromopropylate ( L) 13.66 185.0>157.0, 183.0>155.0 15, 15
93 bifenthrin ( B4 21E) 13.67 181.1>165.1, 166>165.1 20, 25
94  bifenazate (BIRER) 13.70 184.0>169.2, 184.0>141.1 10, 20
95  fenpropathrin ( 1545 ) 13.79 264.9>210.0, 208.0>181.1 10, 15
96  fenazaquin ( MEHEE) 13.93 160.0>145.2, 145.0>117.1 5,10
97  phosalone ({kZ5iHE) 14.33 182.0>111.0, 182.0>75.1 15, 30
98  pyriproxyfen (ML) 14.37 136.1>96.0, 136.1>78.1 15, 20
99  cyhalothrin ( & HUEZHER) 14.64 207.9>181.1, 196.9>141.1 20, 20
100 mirex ( KR ) 14.66 273.8>238.8, 271.8>236.8 15, 15
101 dimethrin (“F3§18) 15.45 183.1>168.1, 183.1>165.1 10, 10
102 permethrin ( 54%M%) 15.48 162.9>127.1, 162.9>91.1 10, 20
103 pyridaben ( mkig ) 15.48 147.2>132.2, 147.2>117.1 10, 20
104  coumaphos (#FEWE) 15.61 361.9>109.0, 210.0>182.0 15, 10
105  prochloraz ( WKfERE) 15.65 310.0>69.8, 180.0>138.0 15, 10
106  fenbuconazole ( fi5ZEmH:) 15.94 128.9>102.1, 128.9>78.0 15, 20
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Table 1 (Continued)

No. Compound Retention time/min Ton pairs/ (m/z) Collision energies/eV
107 cyfluthrin ( FEFEE) 16.00 162.9>127.0, 162.9>90.9 5,15

108  boscalid ( BEMERE) 16.31 140.0>112.0, 140.0>76.0 10, 25

109  cypermethrin (Z/F4475) 16.33 163.0>127.0, 163.0>91.0 10, 15

110 quizalofop-ethyl (MR 7R ) 16.38 371.8>298.9, 163.0>136.0 10, 10

111 flucythrinate (JRFULZER) 16.44 199.1>157.0, 199.1>107.1 20, 20

112 etofenprox ( FEZTE) 16.52 163.0>135.1, 163.0>107.1 10, 20

113 tau-fluvalinate ( FRAESZ5TR) 17.32 249.9>200.2, 249.9>55.1 20, 20

114 fenvalerate (FU%4M%) 17.33 181.0>151.8, 167.0>125.2 20, 5

115  difenoconazole ( 7K F 3 ) 17.59 322.9>265.0, 264.9>201.9 15, 20

116  deltamethrin (JRE45HE) 17.84 252.9>93.0, 252.8>172.0 25, 20

117 azoxystrobin (B5E ) 18.11 344.1>182.9, 344.1>155.8 25, 40

118 dimethomorph (#%TENTGME) 18.13 302.9>164.9, 300.9>165.0 10, 10
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Table 2 Linear equations, correlation coefficients (R?), LODs, LOQs, spiked recoveries and RSDs of the 118 pesticides

. . LOD/ LOQ/ Recoveries/% (RSD/%) (n=6)
No. Linear equation 2
(pg/kg) (pg/kg) 0.01 mg/kg 0.04 mg/kg 0.10 mg/kg 0.20 mg/kg

1 y=1.783x10°2r+4.020x 103 0.9992 1.039 3.462 102.90 (3.74) 95.44 (6.32)  92.21 (1.58) 92.42 (1.24)
2 y=1.056x10°x+2.858x10* 0.9923 0.618 2.061 125.37 (2.60) 117.69 (5.31) 119.85 (1.12) 118.00 (5.26)
3 ¥ =3.849x10%2+4.780x 103 0.9976 4.012 13.373 111.07 (5.25) 113.49 (6.19) 118.91 (1.75) 118.56 (2.11)
4 y=2.498x10°r+6.403x10* 0.9944 2.560 8.533 73.82 (7.15) 114.56 (4.20)  99.35 (3.14) 88.20 (10.54)
5 y=4.311x10°x+1.842x10* 0.9993 7.822 26.073 106.76 (5.83) 103.89 (5.06) 105.63 (1.30) 107.21 (1.62)
6 ¥ =7.049x10%2-5.893x102 0.9995 0.070 0.232 103.07 (6.18) 102.63 (2.61) 100.83 (1.91) 107.68 (2.64)
7 y=2.427x10%2-1.317x10? 0.9986 0.573 1.909 92.99 (9.75) 98.29 (11.53) 100.69 (10.25) 108.69 (10.39)
8 Y¥=6.631x10°2r+6.141x10* 0.9983 0.737 2.458 114.78 (3.34) 105.71 (4.30) 102.36 (1.04) 106.57 (1.35)
9 y=2.317x10°r-4.378x103 0.9992 0.309 1.028 96.83 (2.76) 110.59 (4.63) 100.37 (2.70) 108.24 (1.87)
10 y=1.819x10%x+1.210x10* 0.9979 0.758 2.528 114.56 (2.27) 106.93 (3.16) 103.81 (0.80) 107.6 (0.81)
11 y=2.518x10°x-4.333x10* 0.9988 0.019 0.064 117.49 (3.21) 101.27 (3.57) 106.98 (1.55) 118.92 (1.91)
12 y=1.581x10°w+4.248x103 0.9993 0.481 1.603 112.53 (3.31) 108.47 (2.76) 104.47 (1.57) 108.44 (0.80)
13 Y=4.489x10°w+1.364x10° 0.9993 0.059 0.195 116.38 (2.49) 109.64 (3.34) 105.47 (0.93) 110.93 (1.08)
14 y=9.454x1022+2.810x10° 0.9993 0.092 0.306 112.83 (4.32) 105.71 (5.73) 103.51 (0.69) 108.36 (1.52)
15 y¥=5.135x10°wr+1.662x10* 0.9992 0.056 0.185 110.32 (1.14) 102.91 (3.05) 98.59 (1.98) 102.94 (0.81)
16 Yy =2.402x10°x+1.299x10* 0.9987 0.171 0.569 93.93 (4.00) 91.42 (3.00) 88.70 (1.99) 90.71 (1.90)
17 yY=4.590x102x+2.942x10? 0.9980  28.344 94.480 105.73 (8.65) 97.47 (9.75)  96.34 (2.04) 96.18 (4.56)
18 y=1.830x10°2+6.118x10° 0.9994 0.273 0.911 109.56 (1.89) 100.90 (3.44)  99.32 (2.38) 103.00 (1.26)
19 y=7.235x10°w+1.192x10* 0.9993 0.065 0.216 109.84 (1.25) 99.85 (3.61)  96.57 (1.68) 99.75 (0.95)
20 Y =3.427x10°x+7.406x103 0.9991 0.450 1.499 114.47 (2.88) 107.71 (2.37) 104.25 (1.04) 109.32 (1.43)
21 Y=4.960x10°x+1.178x10* 0.9992 0.599 1.996 112.41 (3.55) 102.96 (6.02) 103.49 (1.49) 104.80 (2.92)
22 y=1.521x10x+1.169x10* 0.9987  4.350 14.500  112.82 (2.80) 89.51 (1.80)  96.68 (1.79) 102.90 (1.28)
23 y¥=8.221x10%2-3.979x103 0.9997 0.019 0.063 110.93 (7.81) 114.81 (5.51) 104.11 (1.52) 108.32 (2.02)
24 Y=4.268x10°x+1.818x10* 0.9990 0.775 2.584 105.84 (6.73) 101.14 (6.69)  99.98 (1.91) 107.23 (0.81)
25 Y=2.145x10°2+1.751x10* 0.9970 0.258 0.861 125.11 (2.26) 109.21 (3.19) 102.77 (2.67) 107.15 (1.74)
26 y=1.100x10°xr+4.281x103 0.9993 0.539 1.797 106.67 (4.27) 104.61 (3.78)  99.22 (1.85) 105.60 (1.32)
27 ¥ =8.925x10%x-7.708x103 0.9991 1.102 3.675 95.57 (4.87) 79.61 (2.11) 76.31 (3.64) 83.21 (1.48)
28 ¥=2.980x10°x+1.057x10* 0.9991 0.136 0.453 106.44 (2.35) 96.96 (7.85) 99.38 (1.22) 98.16 (4.64)
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. . LOD/ LOQ/ Recoveries/% (RSD/%) (n=6)

No. Linear equation 2
(ng/kg) (ng/kg) 0.01 mg/kg 0.04 mg/kg 0.10 mg/kg 0.20 mg/kg
29 y=1.575x1032x+3.597x10° 0.9982 1.232 4.107 94.00 (2.50)  71.50 (2.96)  85.03 (1.43) 76.43 (5.05)
30 y=7.810x10%2+3.940x10* 0.9982 2.295 7.649 119.48 (4.69) 106.51 (2.68) 104.19 (3.03) 107.49 (1.16)
31 y=1.716x10°2r+4.912x103 0.9989 0.016 0.052 109.51 (4.35) 105.71 (3.72) 100.76 (1.57) 104.49 (1.09)
32 ¥=9.707x10%x—1.496x10* 0.9989 3.435 11.451 113.84 (2.43) 106.11 (7.05) 107.48 (1.61) 114.13 (2.32)
33 y=4.320x103x+1.466x10* 0.9991 0.167 0.557 117.12 (2.10) 105.83 (2.84) 102.82 (1.74) 105.87 (0.96)
34 y=4.653x10%2+2.150x 10* 0.9993 4.972 16.574 101.01 (5.03) 110.27 (15.43) 105.62 (1.26) 93.00 (6.25)
35 y=2.416x10°r-4.850x103 0.9997 0.078 0.259 112.33 (4.72) 100.95 (1.38)  94.97 (2.48) 95.30 (1.17)
36 Y=4.494x10%2+2.229x10* 0.9980 2.017 6.723 89.40 (5.00) 104.23 (13.41) 100.52 (3.50) 101.32 (2.92)
37 y=2.178x10°2+8.902x 103 0.9993 1.544 5.146 118.79 (2.88) 114.96 (3.71) 103.89 (1.39) 110.86 (0.72)
38 y=1.416x10°xr-1.355x10* 0.9990 0.120 0.401 109.51 (3.35) 106.43 (5.83) 106.54 (1.95) 114.78 (1.54)
39 ¥=3.369%x10°2r-2.026x103 0.9992 0.133 0.444 113.87 (3.01) 102.83 (4.36) 101.08 (1.04) 104.99 (0.96)
40  y=2.921x10°x+1.249x10* 0.9986 0.417 1.390 104.63 (3.85) 103.31 (4.59) 103.63 (1.54) 106.01 (1.07)
41 y=8.650x10°x+1.556x10° 0.9992 0.438 1.460 120.64 (8.50) 105.27 (5.80)  94.11 (3.65) 97.98 (3.40)
42 y=1.562x10°2r+6.347x103 0.9992 0.011 0.037 119.17 (2.67) 111.57 (2.35) 104.39 (1.11) 107.55 (1.47)
43 y=1.397x10°xr-2.752x10* 0.9984 1.727 5.756 117.83 (2.59) 111.70 (4.89) 114.12 (1.31) 123.24 (1.47)
44 y=1.616x10°2+3.949x103 0.9994 5.179 17.262 116.61 (2.13) 100.02 (3.82) 102.41 (1.89) 102.62 (3.75)
45 y=4.595x10°x+5.638x10" 0.9924  0.345 1.149  104.14 (2.11)  96.52 (5.27)  95.60 (1.65)  93.89 (3.41)
46 y¥=3.862x10°x+1.101x10* 0.9984 1.230 4.101 114.06 (3.02) 106.74 (1.91) 100.49 (1.80) 106.12 (3.03)
47 ¥=5.960x 10> r+2.804x10* 0.9984 0.371 1.238 118.79 (2.02) 106.99 (2.92) 103.80 (1.63) 107.23 (0.93)
48 Y=5.924x103x+1.239x10* 0.9992 0.196 0.655 108.53 (1.65) 102.95 (3.05) 99.28 (1.85) 105.26 (1.31)
49 y¥=8.395x10%w—1.333x10* 0.9978 0.031 0.103 117.07 (3.44) 80.64 (5.58) 103.58 (1.82) 118.20 (2.04)
50 ¥ =3.849x10°r+2.270x10* 0.9993 0.092 0.307 108.77 (3.89) 100.29 (4.79) 100.91 (1.30) 102.41 (2.62)
51 Y=2.194x1032+6.487x10* 0.9962 2.256 7.520 106.17 (4.10)  91.39 (4.32)  91.56 (2.92) 93.93 (1.71)
52 y=1.567x102x+4.088x10* 0.9942 1.188 3.961 91.11 (9.45) 83.41 (11.59) 87.20 (6.62) 80.22 (4.66)
53 Y¥=2.292x10°2+6.655%103 0.9991 1.201 4.004 96.60 (3.64) 89.20 (1.20)  91.59 (1.40) 90.99 (1.36)
54 y=1.023x10°2+1.791x10* 0.9946 3.993 13.311 126.21 (6.82) 115.09 (4.1) 118.40 (1.61) 119.91 (3.70)
55 y=1.838x10°x+4.663x10° 0.9995 7.033 23.444 113.47 (3.21) 105.99 (5.22) 102.84 (1.62) 105.33 (2.28)
56 y=1.243x10°2+1.081x103 0.9992 2.023 6.742 116.37 (2.96) 101.81 (2.77) 98.61 (2.12) 102.11 (0.74)
57 y=1.965x10°2+6.867x103 0.9991 0.699 2.330 112.31 (2.99) 106.55 (4.81) 105.68 (1.34) 108.28 (0.70)
58 y=5.571x10%xr+1.171x10* 0.9984 0.755 2.517 113.35 (3.70) 101.33 (6.77) 100.05 (2.22) 99.28 (2.08)
59 y=7.872x10'x+3.365x10” 0.9986 1.562 5.208 86.61 (18.86) 111.13 (17.20) 103.43 (6.65) 107.93 (6.24)
60 ¥=3.459x10°x+1.928x10* 0.9983 1.291 4.302 103.22 (7.24) 108.98 (4.66) 103.10 (1.76) 105.93 (2.07)
61 ¥=5.909x 10’ r+2.370x10* 0.9991 0.059 0.198 111.09 (2.61) 104.83 (2.57) 99.44 (1.66) 104.20 (1.94)
62 ¥=2.022x10°x-5.380x10* 0.9966 0.756 2.520 118.31 (5.46) 113.84 (3.44) 114.45 (1.10) 125.67 (3.03)
63 Y¥=3.948x10°x+1.053x10* 0.9993 0.278 0.927 117.57 (2.78) 105.58 (2.30) 104.47 (2.22) 104.25 (2.11)
64 y=1.098x10°2r-7.259x103 0.9993 1.840 6.134 96.21 (4.63) 100.03 (4.15) 101.83 (1.37) 101.85 (1.44)
65 y=4.713x10%w+1.101x103 0.9984 3.071 10.238 108.01 (7.61) 100.48 (4.04) 98.03 (1.89) 99.96 (2.57)
66  y=8.782x10%w+4.111x10? 0.9996 0.706 2.352 114.74 (7.52) 104.90 (3.02) 99.94 (2.08) 101.38 (1.80)
67 y¥=2.816x10°2+7.608x103 0.9991 0.454 1.512 103.76 (17.61) 112.00 (4.13) 103.30 (3.66) 104.17 (2.16)
68 y¥y=4.553x10°2r+2.014x10* 0.9991 0.244 0.814 113.87 (2.44) 103.11 (1.47)  99.04 (2.21) 103.52 (1.54)
69 ¥=3.994x10%x+1.736x10* 0.9992 2.981 9.938 102.63 (7.12) 102.15 (4.10) 100.27 (4.29) 103.93 (1.24)
70 y=3.726x10°x+5.045x10* 0.9994 0.120 0.399 104.06 (3.31)  84.51 (2.22)  93.30 (1.25) 91.82 (1.57)
71 y=1.518x10°x-1.437x10? 0.9995 0.263 0.877 114.58 (1.28) 107.51 (3.36) 107.78 (1.33) 113.62 (1.98)
72 y¥=8.973x10°xr+5.973x10* 0.9985 0.169 0.563 108.06 (3.58)  95.67 (2.31) 100.08 (1.44) 100.51 (1.95)
73 y=1.667x10°xr-1.390x10* 0.9990 0.155 0.517 89.20 (6.61) 84.31 (4.86) 95.38 (4.00) 91.27 (3.76)
74 y=5.554x10°xr-2.622x10* 0.9994 0.426 1.421 115.65 (0.95)  88.87 (1.59) 100.37 (1.22) 105.07 (1.02)
75 y=1.605x10%2+6.936x102 0.9994 1.327 4.422 116.44 (14.47) 112.15 (1.34) 106.02 (2.47) 106.11 (3.77)
76 y¥=8.279x10%x+5.955x102 0.9991 1.404 4.678 114.14 (6.48) 102.70 (6.54)  99.80 (3.53) 104.80 (1.83)
77 ¥=9.921x10°x+5.135x10* 0.9986 0.110 0.368 114.09 (1.49) 111.38 (3.08) 111.48 (1.09) 119.70 (2.45)
78 Y¥=5.270x10° x-3.597x 10* 0.9996 0.428 1.425 113.85 (1.50) 111.94 (3.01) 111.18 (1.15) 119.47 (2.45)
79 y=4.438x10%2+3.510x102 0.9962 2.950 9.834 64.97 (3.17)  96.49 (14.41) 107.88 (4.83) 103.33 (5.58)
80 y=1.292x10°xr-2.156x103 0.9992 2.171 7.238 116.54 (15.42) 103.82 (3.17) 102.02 (2.80) 101.31 (2.29)
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. . LOD/ LOQ/ Recoveries/% (RSD/%) (n=6)

No. Linear equation 2

(ng/kg) (ng/kg) 0.01 mg/kg 0.04 mg/kg 0.10 mg/kg 0.20 mg/kg
81 y=4.055x10°wr+1.312x10* 0.9992 0.925 3.082 112.49 (2.87) 101.99 (3.78) 102.90 (2.24) 104.01 (2.68)
82 y=4.761x10°x-2.754x103 0.9990 0.420 1.400 96.30 (1.70)  94.64 (1.86) 84.48 (3.73) 81.17 (2.34)
83  y=3.756x1032+7.650x10* 0.9994 0.714 2.381 117.89 (1.83) 107.23 (1.73) 104.60 (1.85) 107.17 (1.49)
84 y¥=4.849%10°r—6.405x10* 0.9986 0.466 1.555 109.23 (1.65) 104.21 (5.57) 104.72 (1.13) 104.05 (3.13)
85 y=2.789x10°wr+2.162x103 0.9995 7.987 26.624 111.43 (2.61)  92.58 (2.23) 79.09 (4.61) 76.10 (3.71)
86 y=2.222x10°xr+7.196x10* 0.9989 0.006 0.021 104.26 (1.60)  96.88 (1.58) 109.32 (1.06) 101.69 (1.08)
87 y=2.187x10°x+8.699x10* 0.9957 5.325 17.750 89.79 (3.54) 90.95 (8.07) 118.8 (10.19) 102.47 (8.01)
88 Y=5.372x10°x+1.027x10* 0.9991 0.357 1.191 117.01 (1.87) 108.95 (2.09) 104.18 (1.19) 108.11 (1.74)
89  y=3.241x1032+1.249x10* 0.9990 3.288 10.959 106.44 (11.96) 103.35 (5.74)  92.28 (2.27) 97.53 (3.08)
90  y=3.380x10%x-2.463x 10 0.9980 1.148 3.827 93.65 (1.16)  86.71 (3.40)  89.69 (2.89)  89.37 (2.92)
91 y=3.449x10°xr-3.735x10* 0.9979 1.579 5.264 118.88 (3.68) 107.45 (3.93) 104.26 (2.47) 106.96 (1.18)
92 Y =2.406x10°2+6.967x103 0.9990 1.053 3.509 117.72 (1.80) 109.77 (1.05) 103.10 (1.75) 106.76 (1.66)
93 y=1.348x10*x+5.320x10* 0.9989 0.215 0.717 08.22 (2.84)  86.30 (2.48)  88.25 (3.02) 88.37 (2.35)
94 y=1.926x10%x+1.039x103 0.9965 6.941 23.136 73.53 (8.01)  79.52 (2.55) 84.74 (4.44) 82.67 (2.45)
95 ¥=9.110x10?2+8.991x 102 0.9990 1.069 3.564 120.72 (2.35) 109.13 (0.98) 103.99 (2.52) 108.45 (1.53)
96 y=8.179x10%xr+1.731x10* 0.9993 0.445 1.483 108.15 (2.17) 104.06 (2.69) 101.46 (0.89) 105.03 (1.11)
97 y=3.406x10°x-1.262x10* 0.9992 2.701 9.004 108.77 (2.29)  98.42 (3.53) 96.80 (2.40) 100.77 (1.42)
98  y=8.037x10°x+3.163x103 0.9984 0.391 1.304 116.44 (5.86) 108.71 (2.33) 104.28 (2.02) 108.62 (1.28)
99 y=3.451x10°r-4.254x10* 0.9987 0.325 1.083 104.86 (1.51)  94.40 (1.01) 90.54 (2.16) 94.73 (1.60)
100 Y=5.655x10°x+5.295x103 0.9996 0.061 0.204 112.41 (2.33) 88.32 (2.21) 85.56 (2.87) 96.26 (3.27)
101 y=3.775x10%x+1.038x10* 0.9988 2.055 6.850 115.73 (4.94) 104.8 (2.34) 101.24 (2.61) 105.56 (3.60)
102 y=2.693x1032+1.005%10* 0.9986 19.103 63.676 79.37 (8.39) 109.58 (3.80) 103.82 (3.12) 110.12 (2.75)
103 y=1.711x10*x-1.296x10? 0.9990 0.285 0.948 116.57 (0.70) 107.77 (2.00) 104.66 (2.08) 109.86 (1.64)
104 y=8.777x10*2-3.046x103 0.9984 1.523 5.076 108.64 (2.24) 105.24 (4.46) 106.90 (2.55) 105.78 (2.55)
105 ¥=9.344x10%2+1.851x103 0.9992 0.561 1.869 100.47 (1.53)  72.07 (2.74) 94.45 (1.83) 96.95 (2.08)
106 y=4.959x10°x—1.057x10* 0.9990 0.483 1.611 99.06 (2.81)  70.73 (9.21)  83.91 (1.67) 84.14 (2.52)
107 y=1.958x1032-6.015%10° 0.9995 3.955 13.184 108.95 (3.12) 105.44 (2.52) 100.76 (2.05) 107.57 (3.25)
108 y=6.608x1032+6.562x10° 0.9989 0.263 0.877 103.31 (1.37)  85.13 (5.39)  97.15 (0.77) 93.49 (5.49)
109 y¥=2.536x10°xr-5.407x103 0.9993 4.058 13.527 106.31 (2.72) 111.61 (3.73) 101.33 (6.70) 115.99 (3.47)
110 y=1.441x10°x+4.545x103 0.9984 0.439 1.464 113.49 (4.82) 108.85 (4.27) 108.93 (1.07) 110.91 (1.66)
111 y¥=3.343x10°2r-1.637x10* 0.9992 2.885 9.615 116.30 (2.26) 102.14 (2.26) 103.71 (2.81) 111.04 (2.63)
112 y=1.574x10*2+4.662x10* 0.9988 0.201 0.670 116.99 (1.09) 108.89 (1.08) 103.05 (2.04) 107.62 (2.04)
113 y=2.760x10°r—4.175x10* 0.9985 0.891 2.971 105.51 (3.35) 96.44 (2.71) 92.24 (2.63) 101.53 (2.97)
114 Y=2.465x10°xr—1.774x10* 0.9993 2.420 8.068 98.37 (4.35)  90.12 (1.90) 89.82 (2.28) 108.32 (5.75)
115 Y¥=5.389x10°x+7.418x10° 0.9984 3.300 11.000 112.28 (2.67) 98.82 (1.86) 106.20 (1.26) 106.93 (1.58)
116 y=1.145x10°2-1.125x10* 0.9992 6.258 20.860 98.30 (4.30) 83.58 (5.19) 87.34 (2.32) 103.89 (5.30)
117 y=7.157x10%2+2.269x 103 0.9974 0.685 2.283 100.43 (5.08)  69.7 (4.06) 90.04 (2.07) 82.55 (4.73)
118 y=3.245%10°x+8.898x10° 0.9977  0.231 0.769 97.77 (1.99)  68.77 (5.83)  84.65 (1.81)  81.02 (1.57)

Nos. 1-118 are the same as that in Table 1. y. peak area; x: mass concentration, wg/L.

RSD 4 0. 69% ~ 18. 86% . W] V., 1% J7 2 B Wi 0 JE Al
W2 B, TR E A 2R 2455 B
25 ERMMHERE

FLIFALN ( ME ) 28 1 556 5 DC e A 1 1h 4% 114 4
R/EFIBREIZE O RIR -1, S IME /N T 20% B,
FEm 55 FE AN T AT | ME | A 20% ~ 50%
i, R FP AL RO 5 | ME | KT 50% ik 35 755 5 4k
JRNL, AR, 82% K25 1) ME {E IE(H, 2230
SEL TR, 18% Rk 24 S B P k4 (AL

B 5) o 74% B4 25 2 B 558 1 6 TR, 17% Y
A2 BAT AR, HUA 9% AR 24 D 5 35 AN

PA] I A S 365 R FH 36 o DG s o il 4, T B AICXT E A
A 25 B BN ()5
2.6 HFEMEINE

SRAVEE ST W 7 D E T 10 T 8 My Fe Ak i
118 AR 25 |, 2 it A A2k i Fptb e A
K th AN S 3~ 12 B LG AR 25 22 Ff, K i e
T A B R UG ST | b 2 ARk HH B



- P 5 O = DR 1 7 22 5 1
Aol R T 118 R 25 . 669 -

e H R — R AR T M A A E 1,406 6
mg/kg( W% 3) . AT WLARAC 76 F A A 7 A 2454 )
T OLE AL, AT AR 2508 2 | 4 5 5 B AH
OCHBI IR M4 , A P AR AL A P ok R v i FH 245
SR, B e R PR R FH 2 IR B4

150

1004 4

50 A

0

ME /%

50

-100]

-150 UL i L B
0 20 40 60 80 100 120
Number of compounds

5 118 FRAEMRTRAPMNERYLE
Fig. 5 Matrix effects of the 118 pesticides
in dried wolfberry
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Table 3 Determination results of the pesticide residues
in 10 batches of samples

Number of

Compound detected pesticides Content/ (mg/kg)
Carbofuran 3 0.0119-0.1700
Captan 2 0.1390-1.4066
Chlorpyrifos 9 0.0039-0.1553
Triadimefon 1 0.0163
Isocarbofos 2 0.0097-0.1600
Fipronil 3 0.0121-0.0420
Triadimenol 2 0.0207-0.2558
Hexaconazole 1 0.1210
Myclobutanil 1 0.0357
Fipronil 6 0.0012-0.0115
Chlorfenapyr 1 0.0560
Triazophos 1 0.0085
Tebuconazole 3 0.0331-0.3620
Propargite 2 0.0704-0.1007
Bifenthrin 4 0.0014-0.0154
Fenpropathrin 4 0.0045-0.0199
Pyriproxyfen 1 0.0024
Cypermethrin 5 0.0097-0.0591
Pyridaben 5 0.0084-0.0650
Fenvalerate 2 0.0449-0.0669
Difenoconazole 5 0.0077-0.1864
Dimethomorph 1 0.0055
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