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Abstract In this study, pesticide residues were monitored and the degree of risk was assessed for
commonly consumed items subject to PLS among medicinal agricultural products. As for the analysis sample,
101 samples of 11 items among distributed agricultural products and medicinal herbs were collected,
processed according to the multi class pesticide multiresidue methods, and analyzed for 102 pesticides
capable of simultaneous analysis in LC-MS/MS. As a verification of the analysis method, it was confirmed
that quantitative analysis was possible at a level of 0.01 mg/kg or less, which is the level of non-detection.
As a result of monitoring, residue pesticides were detected in 32 samples (31.6%), of which 2 samples
(1.9%) were detected above MRL. All of them were fruit products, and pyraclostrobin and azoxystrobin,
which are strobilurin fungicides, were the most detected. As a result of conducting a risk assessment for the
detected pesticide, the harzard index was calculated as 0.0000001~0.0040836%, which is considered safe at a

very low level.

Key words medicinal agricultural products, pesticides, LC-MS/MS, PLS
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Table 1. Classification and number of samples collected for the monitoring of pesticides residues

Part used English name Scientific name sl:rfli)(l)efs doNrgé:tt;c hTI:I];)(;r(t)ef d
Gojiberry Lycii Fructus 25 9 16
Jujube Zizyphi Fructus 6 6
Fruit Bokbunja Rubi Fructus 9 3 6
Omija Schisandrae Fructus 17 10 7
Quince Chaenomelis Fructus 5 4 1
Yam Dioscoreae Rhizoma 16 7 9
Root Ginger Zingiberis Rhizoma 9 4 5
Coix Coicis Semen 9 6 3
Castanea Castaneae Semen 3 3
Seed Ginkgo nut Ginkgonis Semen 1 1
Black beans Glycine Semen Nigra 1 1
101 53 48




42 AT - it - R

0

s oF 2418 4 GR (guaranteed reagent)w S Al
L3159t} Al52] AA| A SPE (solid phase extraction)
= NH2 cartridge (1 g, 6 mL, Agilent, USA)E A3 T

AEE AERAS AREF BAY 3

e
A1 (Multi class pesticide multiresidue methods)-#l 2% <
283 Kim (2019)2] "ol w2} E495130} tha 244 7]
(Robot coupe, USAYZ EH3 AFEE TIF=E7]
(Omni mixer)Hell °F 20 g& FYsHA Gol & 40 mLE 7}t
ato] A7 WRISEATE. Acetonitrile 100 mLE 7Fated
712 287 4 (OMNI, USA)EISItE. ©]Z o33l of
ML sodium chloride 15 go] 71 #]H (milk bottle)oﬂ L
o] ZslAl EE5o] 4°C olstollA 308 o AXIAA F&
319tk Acetonitriled (3% )2 10 mL F3}¢] 50°C o]} 4=
JolA B3Il 553 2159 A= dichloromethane
S5mLEZ 243}t NH2 SPE cartridge®] 1% methanol/
dichloromethane 4 mLol| 91 A|E9-S FU3F & &ZA]A
AT vt} T cartridge®] 1% methanol/dichloro-
methane 4 mLE &Z3t0] 722 Al o] wol 50°ColA] o
Al EFsidinh. &ul7E 4ds] A A" Aol methanol
2mLE &85t WE Q) ZE|(PTFE, 0.22 um)2 o3}
Ak HFHOZ methanolZ S 843 AJgE&dS LC-
MSMSE g Rlait. 717] £4 2702 Table 2, 3

A
FUEH oA B ASS flst

=
[e) AL
4 1, 2,5, 10, 20, 50 ng/mLe] FEoA EAthA wok

Table 2. Analytical condition of LC-MS/MS
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LOD =3.3 x standard deviation of the response/slope of
the calibration curve
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the calibration curve
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ME (%) = [(slope of matrix matched curve/slope of
standard curve) — 1] x 100

Instrument Thermo scientific TSQ Altis

Column Accucore aQ C18 (2.1 x 100 mm, 2.6 pm)

Ionization Electrospray ionization (H-ESI)

. A : 0.1% formic acid, 5 mM ammonium formate in water
Mobile phase —— : -
B : 0.1% formic acid, 5 mM ammonium formate in methanol
Time (min) A (%) B (%)

0.0 90 10
0.5 90 10
5.0 45 55
7.0 45 55
9.0 95
12.0 95
12.1 90 10

Flow rate 0.3 mL/min

Injection volumn

2 ul
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Table 3. Parameters for analysis of the pesticides in LC-MS/MS

Compound Polarity RT“) Precursorion Quantitationion ~ CE”  Confirmation ion CE

(min) (m/z) (m/z) V) (m/z) ~)

2,3,5-Trimethacarb + 7.19 194.11 137.00 12 122.00 30
3,4,5-Trimethacarb + 7.33 194.11 137.00 13 122.00 36
Aldicarb + 5.23 207.91 115.92 10 70.00 13
Amisulbrom + 9.86 465.96 226.80 21 147.93 48
Azoxystrobin + 8.53 404.12 372.07 16 329.06 33
Bendiocarb + 5.99 224.18 167.13 10 109.17 21
Bensulide + 9.41 397.91 158.00 24 140.88 33
Benthiavalicarb isopropyl + 8.95 382.00 180.00 39 116.10 29
Bixafen + 941 414.13 394.00 15 266.00 30
Boscalid + 8.80 343.04 272.09 34 271.12 21
Buprofezin + 9.92 306.15 201.12 13 116.07 18
Butocarboxim + 5.16 75.00 75.00 16 156.00 10
Carbaryl + 6.39 202.17 145.11 11 127.15 31
Carbetamide + 5.62 120.00 120.00 17 192.00 5
Carbofuran + 6.00 222.19 165.13 15 123.16 25
Carpropamide + 9.55 334.00 139.00 22 103.00 38
Chlorantraniliprole + 7.71 483.99 453.00 15 286.00 35
Chlorobenzuron - 9.52 306.79 153.88 10 125.95 26
Chlorotoluron + 6.85 140.07 140.07 19 167.99 19
Crufomate + 9.39 292.00 236.00 27 204.00 37
Cyazofamid + 9.30 108.17 108.17 17 217.07 21
Cycloprothrin + 10.10 181.00 181.00 36 228.88 22
Cymoxanil + 4.66 199.05 128.02 10 111.02 20
Daimuron + 8.97 269.15 151.15 15 91.10 41
Diflubenzuron + 9.40 311.00 158.00 15 140.80 33
Diuron + 6.63 72.00 72.00 20 160.10 35
Ethaboxam + 6.57 183.06 183.06 23 200.04 26
Ethiofencarb + 6.46 226.17 107.18 18 77.28 45
Fenpyroximate + 10.20 42224 366.13 16 214.14 32
Ferimzone(E) + 6.79 255.10 132.10 21 124.10 21
Ferimzone(Z) + 7.47 255.10 132.10 21 124.10 21
Fluacrypyrim + 9.72 427.15 145.07 27 115.07 59
Flubendiamide - 9.44 254.11 254.11 27 274.05 16
Flufenacet + 9.22 124.11 124.11 32 152.04 10
Flufenoxuron + 10.05 488.91 158.00 20 140.88 45
Fluometuron + 6.63 23291 160.00 27 145.00 34
Fluopicolide + 8.89 383.00 173.00 35 109.00 59
Flupyradifurone + 10.33 289.00 272.00 31 216.00 47
Fluquinconazole + 9.14 376.00 349.08 19 307.00 30
Fluridone + 8.21 330.12 310.00 27 115.00 35
Fluxapyroxad + 8.94 382.18 362.15 14 342.05 22
Hexaflumuron - 9.79 458.92 438.93 14 174.87 37
Hexazinone + 6.13 253.15 171.05 18 71.20 34
Hexythiazox + 10.06 353.00 228.00 16 168.00 25
Imibenconazole + 9.97 125.13 125.13 30 342.03 18
Imidacloprid + 4.10 256.00 209.00 18 175.00 20
Ipconazole + 9.81 333.93 125.00 49 89.00 62
Isoprocarb + 6.87 193.91 95.00 16 77.00 36
Isoproturon + 7.19 7231 72.31 21 134.18 26
Isopyrazam + 9.74 244.06 244.06 24 320.19 22
Isoxaben + 8.86 332.93 165.00 19 107.00 54
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Table 3. Continued
Compound Polarity RT“) Precursorion Quantitationion ~ CE”  Confirmation ion CE
(min) (m/z) (m/z) V) (m/z) ~)
Lufenuron - 9.97 508.83 338.91 10 325.83 19
Malaoxon + 6.11 314.89 127.00 12 99.00 23
Mandipropamid + 8.88 412.00 328.00 21 125.00 47
Mepanipyrim + 9.30 77.28 77.28 39 106.19 29
Mephosfolan + 5.92 270.00 140.00 21 168.00 21
Metalaxyl + 7.14 280.10 220.13 15 192.13 20
Metamifop + 9.90 441.14 288.03 16 123.01 29
Methabenzthiazuron + 7.33 222.08 165.00 19 150.00 36
Methiocarb + 8.59 226.00 169.08 10 121.05 36
Methomyl + 3.08 162.86 88.00 10 106.00 10
Methoxyfenozide + 9.03 369.27 149.11 20 91.23 47
Metominostrobin(E) + 7.45 196.00 196.00 17 238.00 12
Neburon + 9.45 275.00 114.00 0 57.00 23
Noruron + 8.59 223.00 93.00 35 72.00 39
Novaluron - 9.79 490.99 470.97 14 304.96 19
Oxaziclomefone + 9.88 376.08 190.10 16 161.06 28
Pencycuron + 9.71 329.00 125.00 30 218.00 16
Phenmedipham + 7.85 135.95 135.95 21 168.00 10
Phosfolan + 5.29 256.00 228.00 5 140.00 5
Promecarb + 8.78 208.00 151.20 9 109.25 16
Propaquizafop + 9.95 443.90 371.00 17 299.00 25
Propoxur + 5.92 210.19 111.18 17 93.22 27
Proquinazid + 10.32 373.00 331.00 21 289.00 33
Prosulfocarb + 9.87 91.00 91.00 30 128.00 11
Pyraclonil + 6.82 169.00 169.00 30 241.00 24
Pyraclostrobin + 9.65 149.09 149.09 31 163.11 35
Pyraflufen-ethyl + 9.53 412.88 339.00 17 253.00 31
Pyribenzoxim + 9.90 610.21 413.04 10 180.04 10
Pyributicarb + 10.02 331.20 133.19 27 108.21 30
Pyriftalid + 8.23 139.05 139.05 28 178.87 31
Pyrimethanil + 8.11 168.10 168.10 33 181.14 40
Pyriproxyfen + 10.05 96.24 96.24 19 185.10 25
Pyroquilon + 6.16 117.17 117.17 26 132.16 36
Quinoclamine + 5.95 208.03 105.00 25 77.00 48
Quizalofop-ethyl + 9.91 373.10 299.00 20 271.00 27
Simazine + 6.03 202.00 132.00 25 104.00 33
Spinetoram(J) + 9.78 748.50 142.20 45 98.10 65
Spinetoram(L) + 9.90 760.50 142.20 45 98.10 65
Spinosyn(A) + 9.64 732.50 142.00 37 98.00 50
Spinosyn(D) + 9.78 746.50 142.00 37 98.00 50
Spirodiclofen + 10.16 411.03 312.89 10 71.33 15
Tebufenozide + 9.42 105.18 105.18 38 133.11 10
Tebuthiuron + 6.15 22891 172.00 16 116.00 27
Teflubenzuron - 10.00 378.86 339.00 15 196.00 21
Thenylchlor + 9.24 324.07 127.11 10 99.18 31
Thiodicarb + 6.78 88.07 88.07 19 108.07 17
Tiadinil - 9.03 70.93 70.93 17 237.95 12
Tricyclazole + 5.59 136.00 136.00 29 163.00 36
Trifloxystrobin + 9.76 409.14 186.09 20 145.09 44
Triticonazole + 9.19 70.00 70.00 32 125.00 31
XMC + 6.53 179.92 123.00 9 108.00 28

JRT: Retention Time, CE: Collision Energy
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Table 4. LOD, LOQ, linearity and matrix effect of the pesticides in the study by LC-MS/MS
Pesticide Range LOD? LOQ”  Linearity Matrix Effect (%)
(mg/kg) (mgkg)  (mgkg) @) Gojiberry Coix Yam
2,3,5-Trimethacarb 0.001-0.050 0.0004 0.0013 0.9999 -29.3 1.9 2.0
3,4,5-Trimethacarb 0.001-0.050 0.0006 0.0017 0.9999 -29.7 2.2 -12.3
Aldicarb 0.001-0.050 0.0003 0.0010 0.9998 -8.8 1.2 17.4
Amisulbrom 0.001-0.050 0.0003 0.0011 0.9986 -16.5 -17.4 -6.5
Azoxystrobin 0.001-0.050 0.0003 0.0010 0.9998 -1.3 2.9 0.5
Bendiocarb 0.001-0.050 0.0005 0.0015 0.9996 -28.4 -1.7 -10.6
Bensulide 0.001-0.050 0.0006 0.0019 0.9986 2.7 -1.1 2.6
Benthiavalicarb isopropyl 0.001-0.050 0.0003 0.0009 0.9996 -13 -2.9 1.8
Bixafen 0.001-0.050 0.0005 0.0014 0.9952 0.2 -6.6 2.5
Boscalid 0.001-0.050 0.0004 0.0011 0.9997 13.5 -8.1 4.3
Buprofezin 0.001-0.050 0.0004 0.0012 0.9995 -16.2 -33 0.6
Butocarboxim 0.001-0.050 0.0006 0.0018 0.9996 -12.6 0.9 16.1
Carbaryl 0.001-0.050 0.0006 0.0019 0.9998 -11.0 -3.5 1.6
Carbetamide 0.001-0.050 0.0005 0.0014 0.9993 2.7 -4.2 -0.8
Carbofuran 0.001-0.050 0.0004 0.0012 0.9987 -23.9 2.3 -14.0
Carpropamide 0.001-0.050 0.0005 0.0016 0.9976 -04 -1.2 0.5
Chlorantraniliprole 0.001-0.050 0.0005 0.0015 0.9999 -1.8 -4.1 -0.1
Chlorobenzuron 0.001-0.050 0.0007 0.0020 0.9985 0.5 5.5 5.5
Chlorotoluron 0.001-0.050 0.0004 0.0011 0.9996 -71.5 -2.6 0.0
Crufomate 0.001-0.050 0.0000 0.0001 0.9974 -5.6 -4.1 1.0
Cyazofamid 0.001-0.050 0.0005 0.0014 0.9994 -5.2 2.2 9.3
Cycloprothrin 0.001-0.050 0.0006 0.0019 0.9973 -6.0 -144 5.0
Cymoxanil 0.001-0.050 0.0002 0.0006 0.9998 -12.8 2.4 9.8
Daimuron 0.001-0.050 0.0003 0.0008 0.9994 1.6 3.1 -1.7
Diflubenzuron 0.001-0.050 0.0003 0.0008 0.9969 -5.6 -7.1 -3.0
Diuron 0.001-0.050 0.0003 0.0010 0.9999 -20.5 -1.6 -14.1
Ethaboxam 0.001-0.050 0.0005 0.0016 0.9998 -3.0 2.4 1.5
Ethiofencarb 0.001-0.050 0.0006 0.0018 0.9996 -30.3 -8.2 33
Fenpyroximate 0.001-0.050 0.0002 0.0006 0.9999 -12.8 -13.6 -2.5
Ferimzone(E) 0.001-0.050 0.0002 0.0007 0.9998 23 -4.6 0.0
Ferimzone(Z) 0.001-0.050 0.0003 0.0009 0.9999 -4.6 -5.0 1.1
Fluacrypyrim 0.001-0.050 0.0005 0.0016 0.9991 -5.4 2.1 -1.4
Flubendiamide 0.001-0.050 0.0001 0.0004 0.9992 44 -3.5 1.7
Flufenacet 0.001-0.050 0.0006 0.0019 0.9988 -153 -3.7 -1.5
Flufenoxuron 0.001-0.050 0.0004 0.0012 0.9995 -28.7 -14.7 -6.6
Fluometuron 0.001-0.050 0.0005 0.0016 0.9998 -22.0 -5.6 4.1
Fluopicolide 0.001-0.050 0.0003 0.0010 0.9989 2.4 2.4 1.2
Flupyradifurone 0.001-0.050 0.0005 0.0016 0.9993 -5.9 -4.7 -6.8
Fluquinconazole 0.001-0.050 0.0004 0.0013 0.9997 -5.4 -4.8 -2.0
Fluridone 0.001-0.050 0.0005 0.0015 0.9993 24 -4.9 -0.7
Fluxapyroxad 0.001-0.050 0.0002 0.0007 0.9983 2.3 29 0.7
Hexaflumuron 0.001-0.050 0.0006 0.0017 0.9978 10.6 8.9 9.5
Hexazinone 0.001-0.050 0.0006 0.0018 0.9987 -4.3 -5.6 -3.1
Hexythiazox 0.001-0.050 0.0006 0.0017 0.9993 -22.6 -12.9 =72
Imibenconazole 0.001-0.050 0.0002 0.0005 0.9997 -3.7 4.1 9.7
Imidacloprid 0.001-0.050 0.0002 0.0005 0.9999 -2.3 -4.3 0.0
Ipconazole 0.001-0.050 0.0006 0.0017 0.9996 -1.5 -4.4 1.1
Isoprocarb 0.001-0.050 0.0005 0.0016 0.9999 3.1 58.8 78.1
Isoproturon 0.001-0.050 0.0002 0.0008 0.9998 -6.5 3.5 1.6
Isopyrazam 0.001-0.050 0.0002 0.0005 0.9975 -3.1 -6.1 -5.9
Isoxaben 0.001-0.050 0.0002 0.0005 0.9998 2.4 -4.7 -2.6
Lufenuron 0.001-0.050 0.0003 0.0009 0.9977 -4.1 -4.9 2.9
Malaoxon 0.001-0.050 0.0005 0.0017 0.9990 -12.0 -3.0 7.2
Mandipropamid 0.001-0.050 0.0000 0.0001 0.9997 -3.8 -4.2 -3.4
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Table 4. Continued
Pesticide Range LOD? LOQ”  Linearity Matrix Effect (%)

(mg/kg) (mgkg)  (mgkg) @) Gojiberry Coix Yam
Mepanipyrim 0.001-0.050 0.0003 0.0010 0.9996 -5.2 0.0 -1.3
Mephosfolan 0.001-0.050 0.0007 0.0020 0.9994 2.4 -4.3 0.2
Metalaxyl 0.001-0.050 0.0003 0.0010 0.9991 -11.7 -1.6 7.8
Metamifop 0.001-0.050 0.0004 0.0011 0.9978 43 -7.1 -2.6
Methabenzthiazuron 0.001-0.050 0.0006 0.0019 0.9998 -10.8 2.8 5.2
Methiocarb 0.001-0.050 0.0003 0.0009 0.9999 -10.9 -1.6 3.6
Methomyl 0.001-0.050 0.0000 0.0002 0.9998 -8.3 -3.8 8.0
Methoxyfenozide 0.001-0.050 0.0003 0.0008 0.9998 1.4 -1.6 -0.3
Metominostrobin(E) 0.001-0.050 0.0003 0.0008 1.0000 -3.2 -2.8 2.0
Neburon 0.001-0.050 0.0003 0.0010 0.9986 -3.1 -39 -0.8
Noruron 0.001-0.050 0.0002 0.0006 0.9999 -10.8 2.6 4.7
Novaluron 0.005-0.050 0.0016 0.0048 0.9982 2.9 -1.0 1.7
Oxaziclomefone 0.001-0.050 0.0006 0.0019 0.9990 -3.5 -6.3 1.2
Pencycuron 0.001-0.050 0.0004 0.0013 0.9979 -5.8 -4.6 2.4
Phenmedipham 0.001-0.050 0.0005 0.0016 0.9997 -3.8 -5.1 0.7
Phosfolan 0.001-0.050 0.0002 0.0006 0.9999 -4.8 -5.5 1.0
Promecarb 0.001-0.050 0.0003 0.0010 0.9999 311 -1.8 18.8
Propaquizafop 0.001-0.050 0.0004 0.0012 0.9996 -18.2 -10.3 22
Propoxur 0.001-0.050 0.0007 0.0020 0.9997 -22.9 3.8 17.6
Proquinazid 0.001-0.050 0.0001 0.0003 0.9999 -12.4 -15.7 -10.6
Prosulfocarb 0.001-0.050 0.0006 0.0020 0.9981 33.6 -6.4 22.8
Pyraclonil 0.001-0.050 0.0006 0.0018 0.9995 2.4 -5.1 0.4
Pyraclostrobin 0.001-0.050 0.0006 0.0017 0.9992 -1.4 2.6 -0.3
Pyraflufen-ethyl 0.001-0.050 0.0006 0.0017 0.9986 -9.8 -7.6 -2.8
Pyribenzoxim 0.001-0.050 0.0006 0.0018 0.9971 -1.3 -14.4 -1.5
Pyributicarb 0.001-0.050 0.0006 0.0017 0.9988 -14.0 -8.8 -1.0
Pyriftalid 0.001-0.050 0.0004 0.0011 0.9999 -12 -3.5 0.1
Pyrimethanil 0.001-0.050 0.0004 0.0013 0.9999 -31.2 2.1 19.1
Pyriproxyfen 0.001-0.050 0.0004 0.0012 0.9992 -11.5 -7.7 -3.9
Pyroquilon 0.001-0.050 0.0005 0.0014 0.9997 -25.6 -9.0 1.6
Quinoclamine 0.001-0.050 0.0004 0.0013 0.9984 -11.3 -7.6 22
Quizalofop-ethyl 0.001-0.050 0.0001 0.0003 0.9956 -7.0 -7.5 2.7
Simazine 0.001-0.050 0.0005 0.0014 0.9988 -23.8 -1.4 7.5
Spinetoram(J) 0.001-0.050 0.0006 0.0020 0.9993 -3.5 -8.9 2.4
Spinetoram(L) 0.001-0.050 0.0006 0.0019 0.9995 -6.9 -3.9 0.2
Spinosyn(A) 0.001-0.050 0.0003 0.0009 0.9991 -1.9 -6.9 33
Spinosyn(D) 0.001-0.050 0.0006 0.0018 0.9991 -7.1 -7.9 -2.6
Spirodiclofen 0.001-0.050 0.0004 0.0014 0.9986 -26.6 -8.8 -6.2
Tebufenozide 0.001-0.050 0.0004 0.0013 0.9977 24 -5.1 0.2
Tebuthiuron 0.001-0.050 0.0004 0.0011 0.9991 -20.9 -14.0 -5.1
Teflubenzuron 0.002-0.050 0.0005 0.0015 0.9970 2.7 22 -3.0
Thenylchlor 0.001-0.050 0.0004 0.0012 0.9995 -7.0 -3.6 -0.3
Thiodicarb 0.001-0.050 0.0006 0.0018 0.9997 2.5 -4.6 -1.8
Tiadinil 0.001-0.050 0.0004 0.0011 0.9993 -4.4 -4.1 1.0
Tricyclazole 0.001-0.050 0.0003 0.0009 0.9996 -1.5 -3.6 0.9
Trifloxystrobin 0.001-0.050 0.0006 0.0018 0.9982 -4.4 2.6 -0.5
Triticonazole 0.001-0.050 0.0003 0.0010 0.9998 2.7 2.8 1.0
XMC 0.001-0.050 0.0004 0.0013 0.9997 -132 9.7 55.6

9LOD: Limit of detection, ”’LOQ: Limit of quantitaion, “Linearity: Conelation coefficient
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Table 5. Recovery and LOQ of methods of the pesticides in the study by LC-MS/MS
Gojiberry Coix Yam
Pesticide RecoveryRSD (%)”  LOQY Recovery£RSD (%) LOQ Recovery£RSD (%) LOQ
0.0l mg/kg 0.05mgkg (mgkg) 0.01 mgkg 0.05mgkg (mgkg) 0.01 mgkg 0.05mgkg (mgkg)
2,3,5-Trimethacarb  114.5+£2.8  111.8£2.4 0.0030 104.2£3.1  102.0£3.8 0.0013  78.1+8.0 = 94.6+12.9  0.0001
3,4,5-Trimethacarb  114.4+2.4  107.3£2.7 0.0022 101.58+1.3 100.6£3.3 0.0012  91.245.3 97.6+9.8  0.0014
Aldicarb 75.1£16.8  71.6£5.0  0.0038 85.96+3.8  74.848.0  0.0067 51.0£15.7  79.743.1  0.0084
Amisulbrom 119.743.5  99.6+8.1  0.0139 96.46+13.0 102.7£6.5 0.0058 1053+1.8 106.6+8.0  0.0056
Azoxystrobin 99.5£2.8  91.3+£1.9 0.0043 9631+1.6  98.1+3.0  0.0025 85.2+4.3 89.0+7.1  0.0015
Bendiocarb 99.2+104  86.044.9  0.0070 88.49+2.5  89.1+£3.9  0.0029  70.9+2.0  80.7+14.5  0.0009
Bensulide 97.5£34  983+3.6 0.0029 93.09+3.1  97.9+2.5 0.0084  98.8+1.6 98.7452  0.0039
gggtrlggvfhcarb' 99.143.0 949404  0.0030 977432  98.6£33  0.0005 89.6+3.6  90.9+73  0.0050
Bixafen 96.9+3.4  88.5+t4.8 0.0033 83.18+1.9 100.7+1.1 0.0019 85.2+3.4 853+7.2  0.0050
Boscalid 108.9£2.7 104.2+12.8 0.0072 94.41+12.6 98.3+2.5 0.0098 99.9+13.5 106.2£8.3 0.0065
Buprofezin 100.3£0.7  94.5+42.1  0.0071 89.01+£1.9  98.1+2.0  0.0036 1022+4.1  104.4+7.7 0.0076
Butocarboxim 704+19.6  67.3+3.1  0.0074 92.42+£3.6  75.1£8.6  0.0046  52.1+4.1 71.3£6.1  0.0026
Carbaryl 96.7£3.2  89.7+3.7 0.0030 87.48+0.8  95.542.3  0.0072  83.0+4.2  87.7£10.5 0.0016
Carbetamide 72.8£19.6  58.5£2.6  0.0057  72.1£3.2 85.3£5.8  0.0005  44.4+l1.1 62.0£1.4  0.0047
Carbofuran 92.9+11.2  81.443.8 0.0033  88.7+1.0 93.3+2.0  0.0026  683+1.7  80.1+13.1  0.0023
Carpropamide 952422 974432  0.0090 87.5+0.8 99.742.9  0.0099  90.8+2.9 99.1£5.3  0.0067
Chlorantraniliprole ~ 76.5+4.5  78.6£33  0.0034  83.5+2.6 87.6+4.8  0.0019  73.9+3.9 77.5£9.1  0.0020
Chlorobenzuron 1103+24  96.9+444  0.0059 100.8+23  95242.0  0.0090 100.4+10.3 93.1+5.2  0.0094
Chlorotoluron 90.3£52  84.4+4.0 0.0066 86.8+7.2 947437  0.0040  79.8£53  85.3+12.0 0.0022
Crufomate 102.242.1  94.6+£1.3  0.0074  88.4+1.2 97.843.1  0.0067 86.4+5.5 943483  0.0019
Cyazofamid 105.243.4 103.2£2.7 0.0077  96.2+2.1 104.1£3.2  0.0029 86.0£6.05 93.6+11.4 0.0018
Cycloprothrin 106.0£5.9  96.549.1  0.0099  90.3+3.0 72.1£7.5  0.0093 111.949.8  95.9+4.8  0.0090
Cymoxanil 73.5£14.5  64.843.1  0.0094  74.7+2.9 83.5£0.8  0.0045  33.6+0.4 71.540.6  0.0025
Daimuron 96.3£2.0 95334  0.0032  86.0£2.5 953432  0.0041  89.3%1.7 94.8+7.7  0.0059
Diflubenzuron 93.9£2.1 952451 0.0055  85.4+2.8 957419  0.0060  91.4+3.5 94.6+5.1  0.0061
Diuron 101.3£5.8  90.9+24  0.0031  91.5+1.7 924433  0.0030 78.8£6.7  85.6x10.1  0.0019
Ethaboxam 87.0£9.2  753+2.0 0.0086 83.6£2.9  85.0+13.1 0.0039 742425 63.3£5.0  0.0007
Ethiofencarb 1052459  84.843.3  0.0051  71.6+4.8 582+4.1  0.0063  47.4+8.4 18.9+£5.1  0.0074
Fenpyroximate 96.0£0.1  95.11£3.9 0.0090 86.26+2.63 95.88+1.24 0.0026 92.61+3.21 98.87+6.57 0.0020
Ferimzone(E) 90.2+4.9  80.97+2.39 0.0006 91.79+£1.04 95.74+3.09 0.0028 70.41+3.13 76.78+9.7  0.0011
Ferimzone(Z) 87.4+84  74.7£2.59 0.0024 90.88+0.66 96.83+3.38 0.0019 70.73+1.31 75.16+9.16 0.0009
Fluacrypyrim 101.9+2.6  99.8£2.7  0.0071  93.7£3.2  102.7£24 0.0076  99.2+1.5  100.3£6.5 0.0080
Flubendiamide 103.5£3.7 96.4+1.6  0.0037  96.8+1.0 98.443.1  0.0087 98.4+39  952+114 0.0081
Flufenacet 107.1£2.8  107.6+0.9 0.0100  93.6+4.8  107.9+3.1 0.0053 103.7+4.5 112.6+8.1 0.0089
Flufenoxuron 95.840.9  94.8+2.1  0.0087  97.6+4.5 94.0+2.7  0.0083 106.2+1.9 100.0+4.6  0.0061
Fluometuron 103.9£7.8  91.8+3.3  0.0027  92.7+3.2 954426  0.0030 78.6+7.2  84.8+11.6 0.0029
Fluopicolide 101.3£2.8  99.8+2.1  0.0073  91.8+0.5  104.6£3.3 0.0031  97.0+1.1 101.7+7.3  0.0021
Flupyradifurone 782+£5.0  76.2+12.4 0.0027 58.2+2.6 77.7£7.3  0.0075 100.9+2.7  82.9+7.7  0.0035
Fluquinconazole 76.9+1.3  70.0£18.8 0.0077  60.1+4.9 70.6+1.8  0.0024  70.4+4.1 73.9+7.1  0.0090
Fluridone 97.9£2.8  90.9+44  0.0033  94.2+2.7 93.9+3.0 0.0018  85.1+4.0 83.9£8.0  0.0061
Fluxapyroxad 100.9£3.1  103.7¢1.3 0.0040 91.2+1.9  1074+£3.7 0.0035 89.26+3.2 1022+7.6 0.0026
Hexaflumuron 112.8+2.8  99.844.6  0.0071  77.945.5 98.7+4.4  0.0107 104.848.9  99.4492  0.0025
Hexazinone 75.7£18.7  66.9+2.0  0.0044  85.9+2.3 95.943.8  0.0011  50.7+0.6 70.2+1.7  0.0014
Hexythiazox 90.8£1.2  94.1£29 0.0080 83.4+1.6 92.1£3.9  0.0063  95.7£2.7  101.5+4.7  0.0067
Imibenconazole 98.9+1.1  923+0.8 0.0092 82.4+6.2 94.8+1.5  0.0078  98.1+4.0 96.1+6.3  0.0056
Imidacloprid 80.4+02  46.8+3.8 0.0016  70.1+0.3 727+6.9  0.0014 27.7+149  443+£22  0.0028
Ipconazole 108.9+1.3 106.9+3.7 0.0098  97.9+1.4  105.6+22 0.0080 101.1+4.2 104.2+11.1 0.0073
Isoprocarb 87.2+7.1 1002+42 0.0049 101.2+7.1  83.4+7.9  0.0030 39.6+3.3 75.4+0.1  0.0020
Isoproturon 95.0£3.3  852+24 0.0090  83.8+2.5 94.1£4.0  0.0039  79.4+5.0 883123 0.0010
Isopyrazam 104.3£2.5 104.1£1.7 0.0030  91.1+0.7  105.9+4.5 0.0028 95.2+0.8  100.3+6.4 0.0070
Isoxaben 100.3£2.5  94.8+41.0  0.0033 101.5£2.1  97.742.6  0.0022  91.7+1.6 91.5+5.7  0.0012
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Table 5. Continued
Gojiberry Coix Yam
Pesticide RecoveryRSD (%)”  LOQ" Recovery+RSD (%) LOQ Recovery=RSD (%) LOQ

0.0l mgkg 0.05mgkg (mgkg) 0.01 mgkg 0.05mgkg (mgkg) 0.01 mgkg 0.05mgkg (mgkg)
Lufenuron 100.6£6.9  98.2+3.7 0.0092 97.4+56  954+44 0.0098 96.8+3.4 89.9+5.0  0.0103
Malaoxon 76.1£14.6  66.3+3.0  0.0021 84.5+1.4 87.1«1.1  0.0017  57.1+£0.3 72.4+3.6  0.0015
Mandipropamid 99.5£1.6 99.0£1.6  0.0031 99.2+1.6 100.1£2.8  0.0062  92.6+2.2 95.1£6.2  0.0026
Mepanipyrim 102.9+1.8  99.842.1 0.0084  85.7+1.9 98.5£3.4  0.0040 99.3+£2.5 98.0£6.2  0.0077
Mephosfolan 749+18.7 63323 0.0012  84.0+£2.2 91.744.1  0.0033  56.5+1.3 68.8£0.1  0.0008
Metalaxyl 88.1£10.5 76.2+2.7 0.0017  89.1£2.0 94.7£2.9  0.0010  64.8£1.8 752+49.9  0.0015
Metamifop 91.5+£7.7 92.9+2.6 0.0072  88.1%1.7 95.3+4.3  0.0023 83.5+£3.5 90.0£6.2  0.0089
Methabenzthiazuron 98.2+4.3 88.0£2.6  0.0019  91.1%1.5 95.742.6  0.0021 84.4+3.7 88.8£7.7  0.0008
Methiocarb 103.9£1.4 101.4+£2.7 0.0049  90.0+0.3 99.4+2.9  0.0029  97.4£1.9 99.2+7.9  0.0019
Methomyl 76.4+0.2 50.0£4.9 0.0056  70.2+1.4 72.1£5.7  0.0021 37.9+0.1 62.7£2.7  0.0043
Methoxyfenozide 97.9+3.7  91.843.4 0.0078 87342  97.9+32 0.0099  89.5+3.9 96.9£8.9  0.0075
Metominostrobin(E)  97.7+3.1 89.5£2.0 0.0015 94.4+1.3 99.0£3.1  0.0007  82.7+4.0 86.8£7.4  0.0011
Neburon 74.8£5.5  82.1£7.0 0.0056  76.0+0.6  83.7+04 0.0087  76.5£1.9 87.0+4.5  0.0093
Noruron 100.7£3.7  93.1+£2.3  0.0042 93.4+19  96.7+3.3  0.0028  84.2+4.0 90.2£7.6  0.0021
Novaluron 107.3+4.4 101.9+4.0 0.0216  76.0+£2.7 99.3+£3.8 0.0100 106.7+11.0 100.7+4.1 0.0186
Oxaziclomefone 99.9+1.4  100.5£2.1 0.0087  90.5+0.5 98.742.2  0.0089 102.2+2.7 103.9£8.3 0.0055
Pencycuron 99.7+1.1 99.1£1.9  0.0095  91.0+2.1 102.6+0.7 0.0031 97.8+£2.5 88.3+6.6  0.0074
Phenmedipham 77.942.2 72.5£3.9  0.0090  76.1+2.8 76.0£3.2  0.0051 71.2+£2.7 72.7+1.1 0.0005
Phosfolan 84.4+0.6  53.7+27 0.0079 83.6+4.6  83.0+54 0.0064  43.7+0.3 58.1£1.9  0.0064
Promecarb 120.6+£3.7 121.4+1.4 0.0051 106.1£3.1 103.8¢4.5 0.0041 95.445.0 103.7£11.2 0.0052
Propaquizafop 98.1£5.5  982+1.1 0.0032 110.9+3.0 97.9+1.5 0.0031 91.7£2.6 90.2+6.0  0.0016
Propoxur 90.2+14.0  86.5£5.5 0.0031 90.2+6.9 90.2+4.5  0.0030  57.2+£7.0 78.7£16.8  0.0026
Proquinazid 75.3£2.5 73.9£8.0 0.0044  67.8+2.0 74.6£3.6  0.0053  98.8+7.5 90.9£7.4  0.0051
Prosulfocarb 149.1+£3.3  142.942.7 0.0096 130.7£2.8 125.741.2 0.0066  132.1£3.8  126.0£7.4 0.0096
Pyraclonil 93.3+4.2 89.6£1.9 0.0036  92.9+1.2 99.7£34  0.0005  76.7+£5.8 87.6£6.5  0.0025
Pyraclostrobin 108.5+4.9 104.0£3.6 0.0062  90.7+4.7 103.8#42 0.0100 98.5+3.7  102.2+5.8 0.0085
Pyraflufen-ethyl 80.2+1.3  81.3£12.7 0.0077  81.7£1.0 87.2£23  0.0072  72.8+4.1 83.3£5.0  0.0043
Pyribenzoxim 101.1+£12.5  93.44+2.8 0.0091 105.9+10.8 103.5+4.5 0.0305 99.6+10.6 83.2+6.4  0.0033
Pyributicarb 99.0+4.2 93.5£2.7  0.0083 82.9+1.8 93.5£1.2 0.0056  98.0+0.6 100.3+£6.9  0.0083
Pyriftalid 97.442.8 91.5£2.6  0.0028  93.9+1.3 98.2+3.2  0.0020  80.0£3.6 88.9+6.7  0.0019
Pyrimethanil 129.2+1.1 127.1£2.8 0.0054 1154+3.0 1163+22 0.0040 129.7+4.5 132.7+11.8 0.0030
Pyriproxyfen 95.3+£1.5 91.8£24 0.0072  84.0+1.9 89.8£3.8  0.0030  96.8+1.1 101.3£7.2  0.0088
Pyroquilon 103.7+8.8  101.6+5.1 0.0019 1014429 112.8+3.1 0.0023  72.0+8.8 100.9+12.7 0.0035
Quinoclamine 109.746.9  87.5+4.6  0.0341 83.0+2.4 90.1£2.8  0.0021 71.3£2.2 75.4+£8.2  0.0027
Quizalofop-ethyl 104.9£2.5 104.8+1.5 0.0098  98.8+1.8 94.7£2.0  0.0051 106.0+3.4 942+6.2  0.0074
Simazine 108.9+2.2  102.3£2.0 0.0039  95.9+2.2 104.0£2.6 0.0016  943+4.3  101.0£10.7 0.0008
Spinetoram(J) 101.74£3.1  943+1.5 0.0085 102.9+4.7 89.5£8.7 0.0052  79.9+7.9 62.5£8.8  0.0097
Spinetoram(L) 105.6+4.5 97.8+1.7 0.0008 104.5+2.3 90.6+£9.8 0.0011 82.2+11.3  64.7£9.2  0.0027
Spinosyn(A) 101.4+£1.9 100.2+1.0 0.0036 107.9+4.5 98.8+494  0.0002  77.3+8.7 70.1£12.5  0.0039
Spinosyn(D) 103.5£3.8  94.0+£3.0 0.0011 104.3£1.6  92.2+7.8  0.0011 77.249.8 63.4+9.9  0.0009
Spirodiclofen 107.842.3  93.5£5.9 0.0097  84.3+6.5 83.741.4  0.0067  98.9+3.6 93.0£7.1  0.0029
Tebufenozide 87.5+8.8 83.5+£8.3 0.0098  90.4+2.0 84.6£0.9 0.0099 76.0=13.0 86.6+£6.3  0.0066
Tebuthiuron 80.2+18.8  72.4+3.5 0.0018 86.3+3.5  96.0+4.7 0.0022  53.1+1.1  70.6+11.3 0.0014
Teflubenzuron 109.6£7.9 999+1.4 0.0161 73.8+13.5 96.8+6.3 0.0074 103.7+8.6 99.5+6.5 0.0130
Thenylchlor 99.8£0.2  98.6+2.2 0.0061  92.0+2.1 99.3+3.3  0.0051 101.6x1.8  97.5£74  0.0068
Thiodicarb 85.4+10.5 63.3+1.1 0.0024 80.2+1.4 70.1£0.7  0.0040  66.8+0.8 61.5£1.2  0.0033
Tiadinil 95.9+1.3 84.7+£1.5 0.0079  89.0£3.6 89.3£3.8  0.0090  90.2+4.8 83.4+9.0  0.0082
Tricyclazole 76.3+13.1  62.5¢1.5 0.0009  71.4+2.1 80.4+4.9 0.0035  50.6+0.5 62.1£2.4  0.0009
Trifloxystrobin 106.7£1.7 104.242.0 0.0045  99.4+£1.0 103.2+1.8 0.0086 104.4+0.3  103.5+6.2 0.0078
Triticonazole 86.9£5.8  84.3x1.6 0.0055  81.5%5.1 85.7462  0.0017  73.5+3.2 77.0£8.7  0.0046
XMC 100.3+5.3  1053%4.3 0.0024 103.5+4.6  89.8+6.1 0.0029  67.3+1.3 81.7£15.9  0.0025

JRSD: Relative standard deviation, "LOQ: Limit of quantitation of methods in matrix
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Table 6. Detection rate of pesticides residue in products
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A 6971eX = Fofo] AEHA| wskt). s FHF8871E
(MRLs)& @‘E%ﬁ SAHE ﬁrd%ﬂ%—% g3l
™ 7]Eo] gle 450
94 35 7 AESY ARE8TIE A8 3 l E}E} ?ﬁm‘k

S LT 7HAITE AEete] 7IESE St MRLs
ZI3 F2o AujjollA 2A0Z HA 1014 F 1.9%2] %
&g YERAIAL o] 9] HER FEoA ke 54
61%7]7‘ o] O]'i L]’F/]'M
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A AxEe A #3909 FHFe] Hoe A w4
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H] 717P°l 7] W2 AoR dActET
FEHEE U3 67 5 571(83.3%), LRI 174 F 10

A(58.8%), 7712 254 = 1271(48%), 23 574 F 24
(40%), B2 971 ZF 37(33.3%)°] HEEAE Yu et al.
(2012)9] A7elM e W, 7717, F)AE, SRk Fof
AZEO| 587%= =%, o]d Ao} Hlawate] 53] tf
F, A AEES wid ST BAEGith 2 A
AMe 55 G F59 s AEES 51.6%E M8l
Ueb e, 5, 1712k AEES oA AAd el vl
T A AEFES Bl ol AU o] tE
ZellA] 71918k Zpolgtar AJ7HETt. Kim et al. (2012)¢] <
TFAME & L 98 T FAFRA P71} th5ollA
S0l 714 Bl AEHATAL Hirste] & Aol dX|g
7AeS 2k

SUHYEERE 327004 1859 wofo] AEFEHUoH,

FUI

No. of samples with residues below No. of samples with residues above

Group Sample No. of samples or at MRL (%) at MRL (%)
Fruit Gojiberry 25 10 (40) 2 (8)
Jujube 6 5 (83.3) -
Bokbunja 9 3 (333) -
Omija 17 10 (58.8) -
Quince 5 2 (40) -
Root Yam 16 - -
Ginger 9 - -
Seed Coix 9 - -
Castanea 3 - -
Ginkgo nut 1 - -
Black beans 1 - -
Total 101 30 (29.7) 2 (1.9)

MRL: maximum residue limit
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Table 7. Results of detected pesticides in products
. . . Detected range Applied MRL Converted MRL*
Commodity Pesticides No. of detection (mg/ke) (mg/ke) (ma/ke)
Gojiberry Flubendiamide 1 1.290 - 0.05
Pyraclostrobin 5 0.030-0.220 5.0 -
Novaluron 2 0.270-0.89 5.0 -
Azoxystrobin 3 0.108-0.331 10 -
Trifloxystrobin 2 0.029-0.035 - 0.05
Chlorobenzuron 1 0.270 - 0.05
Imidacloprid 5 0.026-0.120 5.0 -
Boscalid 1 0.026 - 0.05
Flufenoxuron 1 0.022 - 1.5
Carbofuran 1 0.010 0.05 -
Jujube Flufenoxuron 2 0.068-0.102 2.0 -
Chlorantraniliprole 1 0.058 1.0 -
Pyraclostrobin 4 0.010-0.556 5.0 -
Novaluron 2 0.100-0.136 1.0 -
Boscalid 1 0.331 5.0 -
Lufenuron 3 0.041-0.200 2.0 -
Trifloxystrobin 1 0.044 3.0 -
Bokbunja Spirodiclefen 3 0.031-0.099 1.0 -
Omija Pyraclostrobin 8 0.033-0.230 5.0 -
Buprofezin 2 0.024-0.051 3.0 -
Azoxystrobin 4 0.024-0.098 2.0 -
Teflubenzuron 1 0.067 - 0.23
Lufenuron 1 0.037 - 0.05
Pyrimethanil 1 0.06 3.0 -
Isopyrazam 1 0.033 2.0 -
Trifloxystrobin 2 0.047-0.091 7.0 -
Methoxyfenozide 1 0.082 1.0 -
Quince Flufenoxuron 1 0.024 - 0.04
Novaluron 1 0.025 0.5 -

MRL: maximum residue limit
*MRLx Drying coefficient ([ 100-moisture content of dry matter] / [100-moisture content before drying])
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Fig. 3. Frequency of detected pesticides in products.
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Azoxystobin #1573, 54T 119] AdAZA W At
g 7THAL AFEollA] Hojd S W3sle] oA
AL S Qloju e okEo] TR ¢o}l HWol AR
3 JE HUItHGang et al, 2017). A& WallE M7}
Ho] st A=l AM- 5550 o] ZERHRUA 4
A 7F 7712, 3, QujRtelA F 293 = 71 Bol AE
F 1t} Lufenuron novaluron, flufenoxuronst 7o) Wz
A9 AR 2F A T8 FAAAER] 71Y g

=
B Asislel 44 28] Bola] 435S FTHRDA,

- Average conc.” ADI? EDIY .
Pesticide (mgg/kg) (mglkgbw/day) %ADIY
Gojiberry
Flubendiamide 0.0517 0.017 4.69E-09 0.0000276
Pyraclostrobin 0.0210 0.03 1.91E-09 0.0000064
Novaluron 0.0471 0.01 4.28E-09 0.0000428
Azoxystrobin 0.0298 0.2 2.71E-09 0.0000014
Trifloxystrobin 0.0028 0.04 2.58E-10 0.0000006
Chlorobenzuron 0.0111 1.25 1.01E-09 0.0000001
Imidacloprid 0.0114 0.06 1.03E-09 0.0000017
Boscalid 0.0012 0.04 1.09E-10 0.0000003
Flufenoxuron 0.0011 0.037 9.71E-11 0.0000003
Carbofuran 0.0006 0.001 5.40E-11 0.0000054
Jujube
Flufenoxuron 0.0285 0.037 2.17E-07 0.0005875
Chlorantraniliprole 0.0099 2 7.54E-08 0.0000038
Pyraclostrobin 0.1604 0.03 1.22E-06 0.0040836
Novaluron 0.0399 0.01 3.04E-07 0.0030437
Boscalid 0.0553 0.04 4.22E-07 0.0010560
Lufenuron 0.0677 0.015 5.17E-07 0.0034485
Trifloxystrobin 0.0076 0.04 5.79E-08 0.0001448
Bokbunja
Spirodiclefen 0.0221 0.01 1.20E-08 0.0001208
Omija
Pyraclostrobin 0.0613 0.03 1.11E-08 0.0000372
Buprofezin 0.0046 0.009 8.33E-10 0.0000093
Azoxystrobin 0.0142 0.2 2.59E-09 0.0000013
Teflubenzuron 0.0042 0.01 7.59E-10 0.0000076
Lufenuron 0.0023 0.015 4.19E-10 0.0000028
Pyrimethanil 0.0037 0.2 6.77E-10 0.0000003
Isopyrazam 0.0020 0.055 3.68E-10 0.0000007
Trifloxystrobin 0.0084 0.04 1.52E-09 0.0000038
Methoxyfenozide 0.0050 0.1 9.00E-10 0.0000009
Quince
Flufenoxuron 0.0050 0.037 4.50E-10 0.0000012
Novaluron 0.0056 0.01 5.11E-10 0.0000051

Jverage concentration (mg/kg) = {(Number of sample below LOD x 1/2 LOD) + ¥ (detected concentration)} / number of total sample.

P ADI: Acceptable daily intake

9EDI: Estimated daily intake = average concentration (mg/kg) x daily dose of food (kg/day) / 55 (kg).

9% ADI = (EDI/ADI) x 100
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