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Abstract, Six leafy vegetable commodities, perilla leaves, lettuce, crown daisy, spinach, young radish, and
chicory, were collected from wholesale markets, large retailers, and eco-friendly stores and subsequently analyzed for
pesticide residues using liquid-chromatography tandem mass spectrometer (LC-MS/MS). The ingredients of
forty-eight pesticides were detected in the analyzed samples. Data analysis was conducted and utilized to evaluate for
matrix effects. Based on the £20% criterion, matrix effects exceeding the threshold only for imidacloprid
were shown in lettuce, whereas perilla leaves exhibited the strongest matrix effects with eleven analytes
exceeding +20%. Although spinach, crown daisy, chicory, and young radish had fewer affected analytes, the
pattern and magnitude of matrix effects varied by commodity. In all commodities except perilla leaves, predominant
ion enhancement was indicated by ionization efficiency analysis indicated, where thirty-nine analytes showed ion
suppression. Among the 13 analytes exceeding £20%, seven exhibited suppression and six showed enhancement. As
revealed by log P comparison, polar pesticides (log P < 3) primarily demonstrated ion suppression, while non-polar
pesticides (log P >3) displayed ion enhancement. Within the same commodity, sample comparisons showed
that lettuce exhibited the highest consistency with most of the results showing an RSD < 10%. Furthermore,
crown daisy displayed the greatest variability, with 27 analytes showing an RSD > 10%. These findings
demonstrate that matrix effects differ substantially among leafy vegetables and vary even within the same
commodity. These results are indicative of the matrix-matched calibration for reliable quantitative pesticide
analysis.

Key words: LC-MS/MS, Leafy Vegetables, Matrix effects, Pesticides residues
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Table 1. List of 48 pesticide contents (62 items) analyzed by LC-MS/MS

Pesticide contents

Acetamiprid Etofenprox
Ametoctradin Famoxadone
Amisulbrom Fenazaquin
Azoxystrobin Fenpyroximate
Benthiavalicarb-isopropyl Flonicamid
Carbendazim Fluazinam
Chlorantraniliprole Flubendiamide
Chlorfluazuron Fludioxonil
Cyantraniliprole Fluopicolide
Cyazofamid Flutriafol
Cyclaniliprole Hexaconazole
Cyenopyrafen Imidacloprid
Cyflumetofen Lufenuron
Dinotefuran Mandipropamid
Emamectin Bla Mefentrifluconazole
Ethaboxam Metaflumizone Z

Metaflumizone E Pyraclostrobin
Metconazole Pyribencarb
Methoxyfenozide KIE-9749
Oxathiapiprolin Pyridaben
Phorate Sulfoxaflor
Phorate oxon Terbufos

Phorate oxon sulfone Terbufos oxon

Phorate oxon sulfoxide Terbufos oxon sulfone
Phorate sulfone Terbufos oxon sulfoxide

Phorate sulfoxide Terbufos sulfone

Picarbutrazox terbufos sulfoxide
TZ-1E Tetraniliprole
Propamocarb Thiacloprid
Pydiflumetofen Thiamethoxam
Pyflubumide

Pyflubumide-NH
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62852 WS 2 SITHTable 1).

>

| o
HXoll= Merck (Darmstadt, Germany)*F2] liquid chro-
matography&- acetonitrile 3 methanol2 AR} T}. Formic
acide= LC-MS Grade® Thermo ScientificA} (Waltham, MA,
USAPNIA 4381932, ammonium formate= LC-MS GradeZ
MerckA} (Darmstadt, Germany)2] A5 AFE5IATH AlE
495 Water(Merck)®} PURELAB®Quest (ELGA LAbWater,
UKYl 28] 182 MQ 2.2 HAlE Z755 AM-8llth

A|5.2] ZA g oll= CHROMALficA} (Heidenrod, Germany)2]
QuEChERS Extraction salt kits (ENK1-SC, 4 g MgSO,;
1 g NaCl; 1 g NayCitrate; 0.5 g Na,HCitrate)?} QuEChERS
Dispersive SPE kits (PM2EN, 150 mg PSA, 900 mg MgSO,)=
747t 2 g A dAlA ARSI

=

B4 A FFEHAZTE Ak Zlo= ) 7}

2 00 mg/L3! AccuStandard (New Haven, USA)

THEFEFS AT EFETFES methanol £WIE

o83l 2 mgLE A|Fdl] EPFFAHCRT ARSI
s

AEFTA 24 Ya EFEFYNS acetonitrile 72
32413} 0.05, 0.10, 0.20, 0.30, 0.40 mg/Le] F=ol| 6E22|

FAg A& FZE(blank sample)e] 90% 3|2 53}

Table 2. Analytical conditions of LC-MS/MS

A Al gRiRol thEst Y ¢ 285

2 M9tk HF A sEAQl 0.005, 0.01, 0.02,
0.03, 0.04 mg/Le] FEZ EFFFEAS FH|3F & 35°C

o W& Basto] A&l

EMEH ¥ =A

EX o) AM2-3E LC-MS/MSE Waters (Milford, MA, USA)2]
ACQUITY UPLC I-Class PLUS (LC)?t Xevo TQ-S (MS/
MS)Z ARE3IIT) ZE-S CORTECS UPLC Cl8+ 1.6 um,
2.1x100 mm (Waters, Milford, MA, USA)E AM&3l3om,
0.1% ESAt 5§ mM o EA A2 FS S8t ek} &
S o] doz AMESINTE Agalr)e o] 23} Wl ESI
2 AFEF AL g8 AR 7171 21 9 MRM
(Multiple Reaction Monitoring)Z=71-<- Tables 2 2 32} 7T},

A2 MY

AlEo] HAele TAEe] 7l 9 4, Al GuA e
7.1 AFLRE 7.1.2 TR AR 7122 TR AT A
2'H (Multiresidue methods)ell w} AAISIATE FAS &
7] (Hanil, Seoul, Korea)s ARl Egt & A5 <F
10gS A=t acetonitrile 10 miE ¥ E§7](Collomix,
Gaimersheim, Germany)E ©|-8-3lo] 187+ 7FsHA &5
g F Tt 4 o FSMEF 1 g, 7Rt

EF- 15578k 05 g, TAMIUEF 258k | g9 7=
7]E(CHROMAtific, Germany)& F=tt. THA] EF7]2 1374

Instrument ACQUITY UPLC I-Class PLUS (Xevo TQ-S micro), Waters
Column CORTECS UPLC C18+ 1.6 um (2.1 mm % 100 mm)
Column temperature 40°C
Flow rate 0.2 ml/min
Injection volume 2wl
Mobile phase A:0.1% Form.ic Ac.id, 5 mM Ammon.ium Formate .in water
B: 0.1% Formic Acid, 5 mM Ammonium Formate in methanol
Time (min) A (%) B (%)
Initial 95 5
0.65 95 5
2.00 60 40
Gradient condition 8.00 30 70
11.00 20 80
15.00 0 100
17.00 0 100
19.00 95 5
Ionization mode Electrospray ionization (ESI)
Capillary voltage 3.00kV
Cone voltage 20V
Desolvation Temperature 450°C
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Table 3. MRM conditions of 48 pesticide contents (62 items) in LC-MS/MS for multi-residues analysis of pesticides

- Retention time Precusor ion Product lon Collision energy
Pesticide contents Mode (min) (m/z) (m/2) @V)
Acetamibrid N 4.49 993.10 99.05 35
cetamipri . . 126.05 20
. 149.10 35
Ametoctradin + 11.74 276.15
176.10 35
. 148.00 67
Amisulbrom + 12.12 465.95
227.00 27
. 344.00 12
Azoxystrobin + 8.65 404.00
372.00 5
L . 180.00 35
Benthiavalicarb-isopropyl + 9.31 382.10
197.00 20
. 132.05 18
Carbendazim + 3.70 192.00
160.00 15
. 285.90 20
Chlorantraniliprole + 8.17 484.05
452.90 20
158.00 25
Chlorfluazuron + 14.10 540.10
382.95 25
s 112.00 65
Cyantraniliprole + 6.86 475.00
285.95 15
. 108.05 16
Cyazofamid + 9.92 325.05
261.05 8
o 112.00 80
Cyclaniliprole + 10.28 600.00
283.90 20
C fi + 14.16 394.20 254.10 20
enopyrafen . .
YERoPyE 310.10 12
173.05 15
Cyflumetofen + 12.37 465.15
249.05 6
) 113.10 20
Dinotefuran + 331 203.10
129.05 20
. 82.05 70
Emamectin Bla + 12.60 886.50
158.10 40
183.05 23
Ethaboxam + 7.07 321.15
200.10 26
135.10 25
Etofenprox + 15.40 394.15
177.10 15
F d + 10.91 392.20 23810 >
amoxadone . . 239.10 25
) 147.00 10
Fenazaquin + 15.20 307.15
161.10 7
) 138.05 13
Fenpyroximate + 14.40 422.10
366.10 5
98.05 35
Flonicamid + 3.68 230.00

20.305 15




LC-MS/MSE 0I83H ZE5t CHIE B4 Al 2iifRol thEam S4 o 287

Table 3. Continued

- Retention time Precusor ion Product Ion Collision energy
Pesticide contents Mode (min) (m/2) (m/z) (@V)
Fluazi 12.86 462.85 397.80 1
vazinam - ' ' 415.80 2
Flubendiamid + 10.40 683.00 274.00 2
ubendiamide . . 408.00 3
. . 158.05 32
Fludioxonil + 8.96 266.15
229.05 10
. 109.00 60
Fluopicolide + 9.24 383.10
172.95 25
. 70.00 20
Flutriafol + 7.4 302.10
123.00 25
70.00 20
Hexaconazole + 10.97 314.05
159.00 25
. . 175.05 18
Imidacloprid + 4.10 256.20
209.00 16
325.80 20
Lufenuron - 13.10 508.90
338.80 16
125.00 32
Mandipropamid + 9.06 412.05 328.00 13
356.00 9
. 70.05 25
Mefentrifluconazole + 10.84 398.05
182.05 25
178. 2
Metaflumizone E + 12.74 507.05 78.05 >
287.05 25
178. 2
Metaflumizone Z + 11.88 507.00 78.05 >
287.05 25
Metconazole + 11.10 320.10 70.05 20
125.05 35
149.05 10
Methoxyfenozide + 9.42 369.15
313.10 5
163.05 45
Oxathiapiprolin + 9.24 540.15
500.10 25
75.10 15
Phorate + 11.36 260.90 97.00 20
125.00 15
199.05 8
47.05 28
Phorate oxon + 8.07 245.00
75.00 10
111.00 23
Phorate oxon sulfone + 4.69 277.10
127.00 15
97.00 25
Phorate oxon sulfoxide + 441 261.05
111.00 18
115.00 25
Phorate sulfone + 7.33 293.00

171.00 15
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Table 3. Continued
Pesticide contents Retention time Precusor ion Product Ion Collision energy
(min) (m/z) (m/z) V)
. 154.00 28
Phorate sulfoxide 7.22 278.10
174.00 10
. 107.05 25
Picarbutrazox 10.30 410.05
310.10 10
107.05 25
TZ-1E 10.12 410.10
310.10 10
109.00 20
Propamocarb 2.89 190.05
136.00 12
166.05 30
Pydiflumetofen 11.51 425.95
192.95 30
111.10 20
Pyflubumide 13.33 536.15
155.00 8
111.10 18
Pyflubumide-NH 12.41 466.10
137.05 18
. 163.05 25
Pyraclostrobin 11.27 388.05
194.05 15
207.00 20
Pyribencarb 8.35 362.10
239.00 13
206.90 30
KIE-9749 7.55 361.90
238.90 15
147.05 15
Pyridaben 14.62 365.10
309.05 6
154.00 28
Sulfoxaflor 4.54 278.10
174.00 10
103.00 10
Terbufos 12.81 289.00
233.00 5
103.10 10
Terbufos oxon 9.74 273.00
115.10 20
95.00 35
Terbufos oxon sulfone 5.63 305.05
231.00 15
115.00 30
Terbufos oxon sulfoxide 5.35 289.05
171.00 10
96.95 35
Terbufos sulfone 8.54 321.05
114.95 30
131.00 30
Terbufos sulfoxide 8.59 305.10
187.00 10
. 108.90 78
Tetraniliprole 7.89 543.00
136.90 24
. . 124.00 12
Thiacloprid 4.92 255.00
132.00 12
. 132.00 20
Thiamethoxam 3.72 292.15
211.00 15
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Al E50] £ F W 239 AR Avanti J-
15R (BECKMAM COULTER, CA, USA)Z 4°C, 4,000 GollA]
10774 AAlEesielet. dalielsto] 2& 42 6 mis +
S8l 900 mgdt PSA (Primary Secondary Amine)
150 mge] BAUE 15 ml A7 E(CHROMAtific, Germany)
o B3 187+ E3ls1ed 4°C, 4,000 G2 374-941%-2]7] (Hanil
Scientific Inc., Component wR, Gimpo, Korea)E ©]-&3}]
10327 A4Egsislet. #eld 4SS PTFE syringe
filter 0.2 um (Merck millipore, MA, USA)Z I3} 3 A&
ol 0 2 ARE-3I3ATh.

FEY HE

A e gk 84 A58 flE BAEE 48562
F5) T ASVE A9 1059 e tdez AFad
s oF BAY AT a1 (2023)9F 212l oRF 2ok AlF
A1 FEARE S Al el B9l 3 AT
QRHA (2021)0 wheh gRlskdnh. HF=A S Sl
S EZANS acetonitrileR 34 T 7} FAME FEH A
F-80] 90% EJFEEF 348t HF 0.005, 0.01, 0.02,

0.03, 0.04 mg/Le] FEE o83l AL Fst).
32 AF5 A vk 13-t B vhel=ael
(2016)|4] Maximum Residue Limits (MRLs)®] 1= 7%
Limit of Quantitation (LOQ), 10xLOQ, 50xLOQZE A|A] gt
ol wet #g AlgEAo] 0.01, 0.1, 0.5 mgLe] F=7}
HEE A § 33] v £4151t). Limit of Detection
(LOD) ¥ LOQE LOQ<] 2viol] sgsl+= 0.02 mgl =%
73] WHE fAj 5o ol o] AMA S o] &8kl

LOD=3.3 xo/S, LOQ =10 X /S

(o= standard deviation of response, S =slope of the calibration curve)
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4%

Matrix Effects (MEs, %) =

(Slope of calibration curve in matrix

1) 100
Slope of calibration curve in matrix X

AHEE ol &9 w4 A o9 A|(ion suppression)]

2 ©] 2<% (ion enhancement)
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EAHY] A A F8l A NET Y B 3EE
(AL, 3, A7) F-52F AR FE5= ARet] ASHE
&9 10%59] skl tigk fFaA ASS AT 59
TR EFEAS B4 g AHAFRYT BE
2gEol sl 0.98 o)) g Hlow, o] AN E+E
A3 (CODEX)ol| A AABR= 0.98 ©]4

B

S WS A

Z3(LOD)E=  0.0003~0.0023 mg/kg, A #3HA(LOQ)E
0.0008~0.007 mg/kg H$E e ST Table 4).

35E ANHE 6259 FAES O E 48F (0285 )9

Table 4. Matrix matched linear range, LOD, LOQ and RSD of the multi-residue analysis of pesticides in 3 commodities of leafy

vegetables
Lettuce Perilla leaves Chicory
Pesticide content R LOD LOQ LOD LOQ R LOD LOQ
(mgkg)  (mgke) (mgkg)  (mg/kg) (mgkg)  (mg/kg)
Azoxystrobin 0.9989  0.0010  0.0030  0.9996 0.0009 0.0027 0.9998 0.0023 0.0070
Carbendazim 0.9895  0.0005  0.0015 0.9996 0.0009 0.0028 0.9995 0.0003 0.0008
Chlorantraniliprole 0.9988  0.0009  0.0026  0.9992 0.0016 0.0048 0.9997 0.0011 0.0033
Cyantraniliprole 0.9995  0.0006  0.0018 0.9982 0.0009 0.0028 0.9998 0.0006 0.0020
Dinotefuran 0.9991  0.0004  0.0012  0.9998 0.0005 0.0016 0.9999 0.0009 0.0027
Fludioxonil 0.9989  0.0005  0.0015 0.9997 0.0013 0.0040 0.9991 0.0012 0.0037
Imidacloprid 0.9988  0.0003  0.0010  0.9999 0.0005 0.0016 1.0000 0.0006 0.0017
Pyraclostrobin 0.9995  0.0007  0.0022  0.9996 0.0012 0.0037 0.9997 0.0009 0.0026
Sulfoxaflor 0.9975  0.0005  0.0014  0.9996 0.0008 0.0023 0.9988 0.0012 0.0037
Thiamethoxam 0.9993  0.0004  0.0012  0.9997 0.0010 0.0030 0.9997 0.0003 0.0010
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AR tis) S=38Iith. 0.01 mgkgdlld 66.5~117.7%, Table S. Criteria of recovery and precision in validation (CODEX)
0.1 mgkgolA 76.3~117.7%, 0.5 mg/kgolA 72.0~108.5% Concentration (mg/kg) Range (%) RSD (%)
HOE Yepllon, RE ZEA RSDE 10% P]7He Ho <0.001 50~ 120 36

7} Fko e QA 7S v A8 SRIEHITH Tables 5 >0.001 ~<0.01 60 ~ 120 32

2 6). ofol & TAES FAF F5E vjdas w40 >0.01~<0.1 70 ~ 120 2
A oz AEg) >0.1~<1 70~ 110 18

Table 6. Recoveries and RSDs of 48 pesticide contents (62 items) at 3 levels in 6 commodities leafy vegetables

Lettuce (Means+RSD?,%) Perilla leaves (Means=RSD,%) Chicory (Means+RSD,%)
Pesticide content

0.01 mg/kg 0.1 mgkg 0.5mgkg 0.0l mg/kg 0.1 mgkg 0.5 mgkg 0.01 mgkg 0.1 mgkg 0.5 mgkg
Metaflumizone 109.4+1.3  114.7£09 103.5+04 87.5£0.6  97.1+1.2  98.5+1.7 102.6£1.2 97.8+1.3 100.0+1.5
Acetamiprid 102.4+0.5 1124+13  999+14  80.2+0.6 90.7+1.2  90.0+1.3 101.2+1.2 97.1+09 106.1+0.4
Ametoctradin 98.44+2.8 922+0.6  954+13 852+0.6 87.6+2.7  88.3+2.0 979452  922+£58  93.1+0.7
Amisulbrom 114.7£1.1  112.6£2.0 104.0£1.4  87.2+1.6  97.842.7 97.7£2.0 103.5t1.5 96.9£0.7 103.7+1.2
Azoxystrobin 115.0£0.3  115.6+0.7 103.8£1.3  86.2+1.7 98.7+2.4  98.8+2.0 99.5£2.1 101.7£0.8  94.9£1.9
Benthiavalicarb-isopropyl 99.742.0  101.3£2.0  96.7+£34  90.8+1.1  94.5+0.9  95.1+1.2 100.5£0.6 96.9+1.0 103.1£1.7
Carbendazim 97.7+0.8  113.74#2.0  98.5+1.0  75.5+0.9  82.9+1.4  84.7+0.9 99.5£1.6  95.1£0.9 101.6x0.4
Chlorantraniliprole 103.7+1.1 110313 1004413  86.5£0.8  94.0+1.3  93.9£3.0 104.4+1.5 97.8+1.5 106.6+0.5
Chlorfluazuron 101.1+1.1  101.3%1.9  92.8+0.6  82.8t1.2 854+2.6  80.7+1.7 97.6+£3.3  96.8t1.9  99.6+1.5
Cyantraniliprole 84.8+0.9 111.4+14  96.7£0.6  98.5+1.0 100.8£1.1 100.0£0.6 100.5£1.5 97.9+£2.7 84.3+x0.9
Cyazofamid 100.1+1.1  112.1£24  96.2+0.5  92.2+1.7  959+0.6  94.9+1.1 97.6£0.6  96.1£1.8 104.8+0.8
Cyclaniliprole 102.1+1.4  108.8+1.1 98.9+1.3  88.5£0.6 94.7+2.0  94.3%1.6 98.6£3.2  94.8£0.7  79.8+1.7
Cyenopyrafen 110.0£0.3  109.8£1.9 106.9+0.9 91.5+0.6 93.4+1.7 93.8t1.3 100.8£1.0 98.9+1.7 102.6+1.2
Cyflumetofen 106.4+0.8  109.4+0.6 103.6+1.7 84.8t12  87.4+13 87.9+14 102.5£0.6 98.4+1.8 103.7+0.6
Dinotefuran 951404 105.9£0.6  92.7+1.8  79.8+0.1  89.4+0.7  88.6+0.3 99.2£1.5 974+1.1 974433
Emamectin Bla 100.1+1.1  1104+1.2 105.3+0.9  77.5£0.7  90.0+0.8  94.24+2.2 97.2£0.6  96.1£1.1  97.1£0.5
Ethaboxam 100.1+£1.3 1074432 957421  942+25  98.4+0.8 100.7+2.2 101.8£1.0 97.4+1.8 103.8+0.7
Etofenprox 924409  98.1%1.1 954+1.0 81.2+0.6 89.7+3.2  88.4+l1.5 95.043.6  97.6x1.4 101.4+1.1
Famoxadone 105.1+1.2  109.320.4  99.1+1.6  84.8t1.1  99.4+4.6  98.3+0.5 100.2+2.5 94.5+2.1 100.1+2.7
Fenazaquin 96.4+0.9  99.1+0.8  91.7+0.6  81.5t1.3  80.2+1.2  79.8+0.3 99.9+0.1  97.9£0.8 100.2+1.0
Fenpyroximate 105.4+1.2  107.9+1.8 107.91.8 86.8£0.1 91.4+1.8  92.0+1.8 99.240.5  99.2+1.3 101.9+1.1
Flonicamid 95.7£1.7 107.6£2.9  944+14  81.2+1.5 924415 89.8£14 100.2+12 958+1.0 97.7+1.5
Fluazinam 95.5+3.8 88.5+4.2  94.1+27  91.7£2.6  81.1x1.4  72.0+0.8 93.0£74  76.6+£33  94.0+6.1
Flubendiamide 98.443.6 105.6£3.6  93.1434  83.2+1.5 98.7+1.8 98.0+42 104.4+22 100.1+1.7 102.8+1.8
Fludioxonil 100.742.4  104.9£04  94.9+1.2  85.8+0.1 94702  93.6£2.1 104.4+12 96.1+22 106.3£1.9
Fluopicolide 100.4+1.4 108.6£2.6  96.7+0.7 85.5t1.4  95.0+1.0 96.3£1.5 102.2+1.6 96.8+0.7 107.9+0.5
Flutriafol 97.7+40.8 108.8£2.6  952+1.5 85.5+0.8 94.9+1.0  96.0+0.3 97.6£0.6  97.3£1.7 101.8+0.8
Hexaconazole 101.4+1.8 108.9£0.7  95.9+1.0  80.5£0.8  955+0.1  95.0+0.7 102.1+0.6 97.1x1.3  99.8+3.3
Imidacloprid 99.1£1.1  1124+1.0  98.5+3.0 79.2+0.8  89.0+1.0  85.8£1.0 102.1£0.6 97.4+23 100.3x1.4
Lufenuron 95.2+0.6  91.7+4.1 99.242.1 101.1+4.9 109.6+5.2 102.4+4.2 97.1£7.3 105.0£0.6  94.4+8.8
Mandipropamid 101.7+¢1.1  111.6£1.4  96.3+0.7 87.2+1.8 954+1.4 958432 103.1£0.5 96.6£0.9 92.4+1.0
Mefentrifluconazole 98.7+0.8 109.9£1.6  93.7+1.9  87.8t1.9  93.7+04  95.5£3.3 102.5£2.5 96.4+0.5 100.1+2.9
Metconazole 101.4+0.5 109.842.6  953+1.8  84.2+1.7 92.0+1.3  91.9+1.1 101.2+0.5 96.9+0.7 101.6+0.9
Methoxyfenozide 100.1+£0.7  105.1£0.6  100.9£3.9  80.2+1.9  98.0+0.4  95.6+2.1 98.9+1.1 97.6£0.4  98.8+1.9
Oxathiapiprolin 103.4+1.4  1104+22 102.3+£1.1 91207 95.0+2.0 96.5£1.3 103.842.0 98.1+0.6 105.5+0.8
Phorate 97.5£0.7 101.1£1.3  97.6£1.0 84.4+04  94.6£0.6  95.0£1.0 100.7£1.3  96.6+0.2 102.6+0.7
Picarbutrazox 104.9+04 104.3£1.4 100.0+1.8 86.8+0.7 95.6+0.3  96.0+1.8 103.0£0.8 98.7+1.0 103.6+1.1
Propamocarb 88.4+0.6  98.0+2.1 924+0.6  66.5£0.8  76.3+0.8  80.1+0.8 92.7+0.6  92.3+£2.7 100.9+0.6
Pydiflumetofen 103.4+2.2  110.9£0.6 100.1+£1.4  82.5£0.6  92.0+1.6  91.4+3.3 98.6£4.1 96314  97.5£3.6
Pyflubumide 105.0£1.3  110.2£1.4 105.9+0.9 86.2+0.8  952+1.0  94.7+12 103.1£1.3  99.9+2.0 102.5+0.7
Pyraclostrobin 101.4+0.9  112.1£11.0 101.0+0.8  83.8t1.1  932+1.0  92.7+0.9 101.8+1.0  96.9+0.5 100.1+1.5
Pyribencarb 99.4+0.9 113.1£0.5 101.6£0.5 89.3%1.5 97302 97.1£1.0 103.3£2.1  98.9+0.7 100.1+1.4

YRSD: Relative standard deviation (n = 3)
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Pesticide content

Lettuce (Means:RSD,%)

Perilla leaves (Means+RSD,%)

Chicory (Means+RSD,%)

0.0l mg/kg 0.1 mg/kg 0.5 mg/kg

0.01 mg/kg 0.1 mgkg 0.5 mgkg

0.01 mg/kg 0.1 mgkg 0.5 mgkg

Pyridaben
Sulfoxaflor
Terbufos
Tetraniliprole
Thiacloprid
Thiamethoxam
Metaflumizone
Acetamiprid
Ametoctradin
Amisulbrom
Azoxystrobin
Benthiavalicarb-isopropyl
Carbendazim
Chlorantraniliprole
Chlorfluazuron
Cyantraniliprole
Cyazofamid
Cyclaniliprole
Cyenopyrafen
Cyflumetofen
Dinotefuran
Emamectin Bla
Ethaboxam
Etofenprox
Famoxadone
Fenazaquin
Fenpyroximate
Flonicamid
Fluazinam
Flubendiamide
Fludioxonil
Fluopicolide
Flutriafol
Hexaconazole
Imidacloprid
Lufenuron
Mandipropamid
Mefentrifluconazole
Metconazole
Methoxyfenozide
Oxathiapiprolin
Phorate
Picarbutrazox
Propamocarb
Pydiflumetofen
Pyflubumide
Pyraclostrobin
Pyribencarb
Pyridaben
Sulfoxaflor
Terbufos
Tetraniliprole
Thiacloprid
Thiamethoxam

99.4+0.6

94.4+1.3

99.9+0.8

76.5+4.8
100.4+£0.8

93.44+0.6
104.1£2.9
103.1£2.0
103.5+1.5
106.5£1.0
108.1+4.6
108.5+0.6
100.8+1.1

97.242.3
105.8+2.5
103.8+0.9
104.1£1.0

90.2+0.7
106.1£2.0
102.1£2.0
103.1£0.6
105.1£1.5
107.5£3.0
101.5£1.5
108.5+1.9
104.5+0.6
105.5+1.0
104.5£1.5

78.2£3.0
103.1£2.1
105.8+1.9
103.5£2.3
103.1£2.0
103.1£2.0
102.8+1.7

73.24+0.7
108.5+2.1
101.8£2.6
103.8£1.0

99.2+1.5
105.1£0.5
104.5£2.7

98.0+1.3
100.2+0.7
103.5+1.1
107.4£1.9
100.5+1.6
104.8+1.0
102.5+1.2
102.5£1.5
102.9£1.0
111.8+1.6
104.8+1.6
102.1£1.2

103.1£1.4
110.1+0.3
104.2+0.9
100.3+0.1
117.7+0.8
108.6+0.8
100.0+1.3
96.2+0.6
94.5+1.7
100.2+1.2
101.5¢4.1
97.0£0.3
95.0+0.2
97.3£0.9
94.5+1.4
96.5£1.9
99.0+0.6
95.8+0.5
101.5+2.3
97.2+0.7
98.8+1.0
99.8+2.4
99.3£1.5
97.2+1.3
100.2+0.8
91.4+0.5
102.5£2.0
94.3£0.5
98.0+3.3
94.3£2.8
100.3£1.3
97.8+0.1
98.8+0.1
99.3t14
97.3+1.4
102.4+6.0
101.0£0.5
96.8+2.7
98.2+0.6
97.8+0.1
97.8+0.6
97.8+0.5
97.2+0.5
94.5+0.6
98.0+1.9
99.9+0.3
96.0+0.3
100.3+0.8
98.3+0.6
96.2+0.8
97.4+0.5
84.7+£3.8
102.5+0.8
93.0+0.2

99.9+0.8
97.143.7
96.0+0.6
72.44+2.9
105.9£0.5
95.0+1.4
103.9+0.8
100.0£1.3
100.0+£2.5
104.8£1.0
103.2£1.5
102.4£1.9
102.1£2.0
97.9+0.9
99.2+1.3
102.6+1.1
102.8+1.6
100.0£1.7
104.8+0.9
102.6£0.3
102.2+1.5
107.7£0.4
101.0£1.5
101.8+1.7
101.0+1.7
99.1£2.5
108.5£1.0
98.6+0.7
93.74£3.0
98.3+1.3
104.2+0.0
98.8+1.2
102.0+£1.5
101.2£1.9
100.0+0.9
92.4+7.4
98.8+1.1
99.5+2.1
103.7+£0.9
102.1£2.3
102.1£1.9
101.6+0.7
101.6+0.6
103.7+0.8
101.4+0.5
105.0£1.3
102.2+2.3
106.8+0.3
102.2+£2.0
100.1£1.1
102.5+0.3
86.9£1.7
104.9+0.2
97.1£1.1

78.2+0.8
80.2£1.6
85.9£0.9
103.7+3.3
73.9+0.1
83.8+0.1
102.1£0.6
101.6+1.3
96.3+7.6
106.2+£0.4
105.5+2.1
106.51.4
103.9+0.8
105.£0.6
98.3+1.9
105.2+0.6
104.9+0.8
107.8+1.1
103.2+0.7
102.6+1.3
97.0£0.8
109.5+1.4
109.1£1.8
99.6£5.6
102.2+£2.9
98.3£1.6
101.9£2.0
98.3+1.4
117.7£1.9
103.9+£2.4
109.5+3.7
100.3+1.3
103.9+0.2
102.2£1.9
98.0+2.1
115.842.2
107.5£2.0
105.5+0.7
104.9+0.8
99.9+1.9
105.8+1.7
100.6+1.1
105.0£0.5
97.0£1.1
101.6+4.7
102.0+1.4
101.6+4.7
104.7+0.6
97.0+2.2
99.6+2.9
104.6£1.5
110.2£3.7
93.0+1.9
95.3+0.8

87.7+0.5
91.9+1.0
93.0£0.4
89.4+4.7
91.9+1.0
89.0+1.5
97.6+0.5
98.1£1.1
96.1£0.8
98.1£0.3
101.7+4.0
100.4+1.7
96.3£1.0
99.0+0.6
97.9+3.5
98.9+2.0
99.2+0.5
98.5£2.5
104.1£1.7
98.7+0.8
97.9£1.0
96.1+1.1
101.2+1.1
99.0+3.2
96.6+0.8
98.9+1.5
101.2+£2.0
96.4+0.9
102.0+1.2
97.4+2.3
99.4+3.1
96.4+8
99.9+1.3
98.4+1.4
97.9+4.1
95.5£6.2
98.7+1.8
97.6+1.0
98.9+0.8
97.7x1.5
98.6+0.8
98.1£0.0
98.9£1.6
94.5+2.7
98.6+0.3
99.1+1.4
98.6+.6
99.4+1.1
100.5£5.2
98.2£1.5
98.9+0.5
97.5£1.9
95.6£3.0
97.4+£2.6

87.1£1.0
91.0+1.2
93.1£1.1
75.1£3.5
90.8+1.0
87.1£0.5
102.3£1.6
102..4£1.5
98.5+5.8
103.8+1.4
99.6+2.4
106.1+0.3
102.6+0.8
105.6£1.0
98.7+0.7
105.5+£0.9
103.7+0.8
102.2+2.8
104.7+0.8
103.9+0.6
101.6+1.1
101.8+1.4
107.2+0.6
103.5+0.6
101.3£1.1
102.6+0.6
106.2+1.1
101.1£1.6
106.6+2.2
103.4+0.5
102.7+1.3
100.4+5
106.1+0.3
102.5+0.9
99.0+0.7
105.9+2.7
104.3+0.7
103.6+1.1
104.6+0.6
102.7£1.8
1105.3+1.9
102.8+0.9
104.6+0.6
88.242.8
105.1£0.6
105.0+0.7
104.2+1.0
106.3+0.7
100.6+1.7
99.2+1.9
103.7+0.8
103.7+4.5
99.1+0.5
98.4+0.2

95.943.1
99.9+1.1
102.5+1.1
97.5+4.8
102.5+1.5
94.6+1.2
105.1£1.7
100.4+1.4
101.84£3.0
102.4£1.5
103.8+1.8
107.1£3.9
97.5+4.3
105.1£2.0
98.5£7.0
100.8+£3.0
106.4+0.4
101.1£1.1
104.140.6
99.4+1.3
96.1£1.6
101.4+0.5
102.8+1.0
92.84+3.2
97.8+1.2
99.1+1.2
103.843.0
98.1+2.7
89.8+1.2
97.1+5.7
103.8+1.8
99.1+1.2
101.4+1.6
107.8+£2.7
100.4+1.5
111.1£7.4
99.1+4.2
101.4£1.6
99.8+1.1
98.1+3.0
102.1£1.6
101.1+£0.5
99.3+0.5
90.8+2.1
102.8+1.0
104.4+3.5
105.1£1.5
99.3£1.6
98.8+1.1
96.1+0.6
100.0+1.3
96.5+4.7
99.4+2.1
101.4+2.4

98.9+2.0
96.6+0.8
98.5+0.4
102.9+2.5
98.9+1.2
93.3+1.1
112.7+0.8
103.7£1.4
108.2+1.1
107.9£1.8
108.4+1.7
111.3£0.7
104.6+1.1
110.2+1.3
110.5+1.1
106.2+1.8
109.5+1.7
107.6+1.1
105.6+1.9
102.1+1.8
102.3+£0.9
114.3+1.1
111.0+1.9
103.9+0.6
107.6+4.0
102.8+1.2
109.9+0.9
104.6+0.8
94.0+1.9
106.4+1.3
109.0£0.5
108.9+1.3
106.2+1.3
115.5¢1.8
108.4+0.9
113.3+4.7
106.7£1.6
107.7£0.6
106.7+1.1
106.6+3.1
108.9+1.1
108.6£1.9
105.2+1.7
98.5£1.6
109.0+1.2
107.2+0.9
112.4+1.7
106.2+2.1
107.1£1.1
102.3£3.7
107.3£1.0
111.4+4.9
103.4+1.2
109.0£1.5

101.5+£0.9
104.4+2.2
104.2+0.2
89.9+£3.9
104.6+0.1
97.0+£0.8
104.6+0.2
98.7+£0.9
102.2+2.4
101.4+0.7
100.2+3.0
102.6+.5
99.3£2.0
102.74£0.9
103.0+1.4
99.34£3.6
103.1£1.4
100.3£0.7
99.5+2.4
97.3+£2.0
97.8£1.0
106.9+0.9
103.0+1.3
99.3+0.8
102.0£2.3
98.1x1.3
101.6+2.1
98.2+1.8
88.2+£1.2
99.8+0.6
103.0+£0.8
102.3+1.3
101.1£1.4
102.8+2.8
100.7+1.4
100.7+£7.3
100.2+1.9
102.2+1.4
100.1£1.7
103.9£2.0
103.1£1.5
101.8£1.6
99.7+1.4
96.6+1.0
102.3£1.5
103.1+£0.4
103.0+1.1
101.3£1.3
100.5£1.6
99.3+1.7
101.7£1.5
108.4+1.0
99.5£1.6
101.3£1.8
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Fig. 1. The number of matrix effects classified by range for leafy vegetables.
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Table 7. Matrix effects and ranges(soft, medium, strong) for 48 pesticide contents (62 items) by 6 commodities of leafy vegetables
and enhancement and suppression according to ionization efficiency

Matrix effect (%)
No. Pesticide contents Logp
Lettuce Perillaleaves  Spinach ~ Crowndaisy = Chicory  Young raddish

1 (E)-Metaflumizone 4.6 3.51 6.27 2.87 6.77 -0.40 7.43
2 (Z)-Metaflumizone 4.6 5.38 8.08 5.14 3.48 2.44 7.20
3 Acetamiprid 0.8 -1.98 -16.68 1.50 -2.04 -5.13 1.35
4 Ametoctradin 44 -0.83 -4.45 -0.88 0.92 -1.26 2.97
5 Amisulbrom 44 10.00 38.63Y 14.72 21.959 9.28 26219
6 Azoxystrobin 2.96 9.97 11.01 14.32 1091 7.42 18.03
7 Benthiavalicarb-isopropyl 42 2.10 -5.02 -2.05 0.18 3.44 1.00
8 Carbendazim 1.48 -5.84 -31.207 -10.31 -3.89 -4.27 -10.91
9 Chlorantraniliprole 2.86 3.43 4.65 6.66 7.53 3.16 10.50
10 Chlorfluazuron 5.8 19.55 23.647 9.89 16.49 14.95 6.16
11 Cyantraniliprole 2.02 -7.41 -13.39 227 18.78 8.69 -2.83
12 Cyazofamid 32 0.44 -8.50 -4.58 -1.31 -1.73 0.82
13 Cyclaniliprole 2.7 4.68 1.78 8.55 7.22 5.48 7.09
14 Cyenopyrafen 53 7.58 15.65 0.94 -0.38 1.79 8.05
15 Cyflumetofen 43 1.07 2.90 22249 5.74 0.21 7.48
16 Dinotefuran -0.549 -0.80 -16.15 -0.52 225 -5.37 -2.21
17 Emamectin Bla 4.1 4.11 3.41 2.82 2.79 3.84 4.01
18 Ethaboxam 2.89 7.38 6.65 21.05 9.43 8.65 7.01
19 Etofenprox 6.9 -13.29 -42.09” -46.90? -15.03. -15.40 -19.07
20 Famoxadone 4.65 2.80 2.52 5.04 0.21 2.58 4.75
21 Fenazaquin 5.51 -15.12 -33.02 -44.167 -13.81 -22.319 -26.079
22 Fenpyroximate 5.7 10.75 24.56" 2.66 13.72 7.88 11.36
23 Flonicamid -0.24 6.70 4.88 9.54 2.65 3.05 5.13
24 Fluazinam 4.87 9.38 -8.32 10.52 -21.529 2.97 -1.38
25 Flubendiamide 4.14 -3.47 -4.84 1.93 -4.09 -4.72 -1.54
26 Fludioxonil 4.12 -6.19 -16.98 -3.13 -5.28 0.40 -1.23
27 Fluopicolide 29 -0.87 -7.82 -2.57 -9.90 0.47 -0.97
28 Flutriafol 23 -11.00 -5.00 -0.26 -10.24 -7.52 -0.28
29 Hexaconazole 39 0.63 -3.76 -1.46 1.42 2.76 0.71
30 Imidacloprid 0.57  39.83¥ 25389 72.63% 26.229 28.15Y 26.149
31 KIE-9749 - 6.97 1.10 3.04 3.66 3.77 3.13
32 Lufenuron 5.12 16.84 -35.66” 17.81 -15.02 6.77 7.83
33 Mandipropamid 32 1.37 -4.49 -1.22 -3.44 0.60 -2.24
34 Mefentrifluconazole 34 4.55 -2.24 0.07 0.17 0.04 0.87
35 Metconazole 3.85 -2.67 -4.11 1.01 -6.90 -1.66 3.74
36 Methoxyfenozide 3.72 2.64 -18.97 5.08 -6.04 2.67 8.11
37 Oxathiapiprolin 3.66 1.49 2.92 6.11 1.22 2.03 6.44
38 Phorate 3.86 -3.70 -15.32 -3.61 1.20 1.44 -9.53
39 Phorate oxon 2.1 -0.87 -5.44 0.62 -0.84 247 2.59
40 Phorate oxon sulfone 2 -2.77 -13.26 -3.17 -9.38 -9.06 -1.93
41 Phorate oxon sulfoxide 1.8 2.04 -15.65 -8.20 3.38 2.95 -3.71
42 Phorate sulfone 3.7 5.31 -12.12 -3.79 1.42 0.29 -2.11
43 Phorate sulfoxide 35 1.19 -14.29 0.33 -2.85 1.38 1.75
44 Picarbutrazox 4.16 -0.46 1.67 3.59 -5.19 -1.70 4.79
45 Propamocarb 0.84 442 0.93 -1.52 11.78 6.03 6.30
46 Pydiflumetofen 3.8 1.26 0.12 3.24 241 -1.20 5.88
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Table 7. Continued
Matrix effect(%)
No. Pesticide contents Logp - - - - :
Lettuce Perillaleaves  Spinach ~ Crowndaisy = Chicory  Young raddish
47 Pyflubumide 5.34 11.43 23.579 9.16 11.31 7.10 11.65
48 Pyflubumide-NH - 2.53 6.65 4.01 2.20 1.54 7.57
49 Pyraclostrobin 3.99 0.21 -1.54 1.00 -2.34 -1.78 2.16
50 Pyribencarb 3.77 9.83 17.31 3.95 6.74 -2.59 -0.42
51 Pyridaben 6.37 -0.29 -4.51 -12.74 0.48 -291 -6.85
52 Sulfoxaflor 0.802 -6.68 -28.13% -7.03 -8.67 -10.07 -6.19
53 Terbufos 4.51 -5.98 -8.58 -1.46 -13.92 -3.05 -1.22
54 Terbufos oxon 2.7 -4.72 -13.32 -12.83 -4.78 -5.24 -13.07
55 Terbufos oxon sulfone 0.8 -3.16 -13.45 -4.36 222 -5.79 -2.71
56 Terbufos oxon sulfoxide 0.5 -2.89 -11.39 -2.01 -3.30 -3.51 -1.09
57 Terbufos sulfone 2.5 -2.89 -8.38 -4.99 -2.58 -0.72 2.04
58 Terbufos sulfoxide 2.2 -3.09 -10.40 -2.50 -3.74 -0.51 0.47
59 Tetraniliprole 2.6 -3.84 -39.69? -14.73 -26.22% -3.82 -11.78
60 Thiacloprid 1.26 -1.70 -17.01 5.46 -11.42 -9.99 1.07
61 Thiamethoxam -0.13 5.47 -13.07 11.99 6.06 -11.14 9.65
62 TZ-1E - -1.02 -1.62 4.56 -1.99 -0.87 3.21
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Fig. 3. Comparison of matrix effects across samples within the same commodity.
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