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Abstract This study was conducted to statistically analyze residual pesticides in the leafy vegetables which
were sold at the wholesale markets in Gwangju from 2016 to 2018. As the analysis results of pesticide
residues in total 4,483 samples, residual pesticides were detected from 827 samples and the detected
concentrations in 93 samples exceeded MRLs (spinach 11, radish leaves 11). Residual pesticides were very
frequently detected in 101 Chinese chives. The samples of agricultural products collected to practice
monitoring of pesticide residues were 1,555 (34.7%) in Gwangju and 1,060 (23.6%) in Naju and they took
over the half (58.3%). The frequently detected pesticides are Azoxystrobin (192) and Dimethomorph (124),
and the pesticides which exceeded MRLs are Diazinon (13) and Chlorpyrifos (12). The correlation between
violation and detection was significant in 2016 and 2018. High detected samples in most of the crops didn’t
have a significant correlation with climate factors except for some crops (spinach and temperature, p<0.05;
radish leaves and humidity, p<0.01). In addition, the correlation between price and climate factors could be
confirmed, but no significant difference in whether the price increase factor affected the increase in pesticide
treatment. In this study, it had different correlations in each factor, so it was difficult to think that violation or
detection of residual pesticide in agricultural products had a direct relation to the price or climate.
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Table 1. The list of samples collected in agricultural wholesale market from 2016 to 2018

Type Group 2016 (%) 2017 (%) 2018 (%)
Leafy vegetables 1096 (74.5) 1153 (75.9) 1122 (75.2)
Vegetables
Stalk and stem vegetables 376 (25.5) 366 (24.1) 370 (24.8)
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Table 2. List of selected pesticides (120 pesticides)
Acrinathrin Diethofencarb Fludioxonil Mepronil Pyrimethanil
Aldrin & Dieldrin Dimepiperate Flufenoxuron Metconazole Pyrimidifen
Anilofos Dimethoate Fluquinconazole Methabenzthiazuron Pyriproxyfen
Azoxystrobin Dimethomorph Flusilazole Methidathion Quintozene
BHC Diniconazole Flusulfamide Methoxychlor Simeconazole
Bifenthrin Diphenamid Flutolanil Methoxyfenozide Tebufenozide
Boscalid Diphenylamine Forchlorfenuron Nitrapyrin Tebupirimfos
Bromacil Dithiopyr Fosthiazate Ofurace Teflubenzuron
Cadusafos Endosulfan Fthalide Oxadixyl Tefluthrin
Captafol Endrin Hexaflumuron Parathion Terbuthylazine
Captan EPN Imazalil Pendimethalin Tetradifon
Carbaryl Etaboxam Indanofan Phenthoate Thiazopyr
Carbofuran Ethion Indoxacarb Phosalone Thifluzamide
Chinomethionat Ethoprophos Iprobenfos Phosmet Tolclofos-methyl
Chlorfenapyr Etoxazole Iprodione Pirimiphos-methyl Tolylfluanid
Chlorothalonil Etrimfos Iprovalicarb Probenazole Tralomethrin
Chlorpyrifos Fenamidone Isofenphos Prochloraz Triadimefon
Chlorpyrifos-methyl Fenhexamid Isoprothiolane Procymidone Tricyclazole
Cyazofamid Fenitrothion Kresoxim-methyl Propisochlor Trifloxystrobin
Cyprodinil Fenobucarb Lufenuron Prothiofos Triflumizole
Diazinon Fenoxanil Malathion Pyraclofos Triflumuron
Dichlofluanid Fipronil Mecarbam Pyraclostrobin Uniconazole
Dichlorvos Flonicamid Mefenacet Pyrazophos Vinclozoline
Dicloran Fluazinam Mepanipyrim Pyridalyl Zoxamide
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Table 3. Analytical condition for pesticides with GC (ECD, NPD, MSD)

Instrument GC-ECD GC-NPD GC-MSD
Inlet Temp®. 250°C 250°C 250°C
190°C (0 min) — 15°C/min — 190°C (0 min) — 4°C/min — 190°C (0 min) — 5°C/min —
Oven Temp. 220°C (9 min) — 30°C/min — 240°C (0 min) — 20°C/min — 250°C (0 min) — 50°C/min —
300°C (6 min) 290°C (5 min) 300°C (3 min)
Detector Temp. 300°C 300°C 300°C
Column DB-5 DB-5 DB-5MS
Flow rate 1.0 mL/min 1.0 mL/min mL/min
Temp. : temperature
Table 4. LS-MS/MS conditions for analysis of pesticide residues
Instrument LC-MS/MS

Column ACQUITY UPLC-BEH CI18 (2.1 x 50 mm, 1.7 um)

Flow rate 0.4 mL/min

Injection volume 1 puL

. A : 0.1 % Formic acid in 2% Methanol
Mobile phase S
B : 0.1 % Formic acid in Methanol
Time (min) A (%) B (%)

0.0 95 5
0.2 95 5

Gradient 4.0 0 100
4.5 0 100
4.6 95 5
6.0 95 5
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Table 5. Validation parameters such as linearity, LOD, LOQ and recoveries of pesticides detected in this study

Pesticide Detection Recovery + Correlation LOD (mgkg™) LOQ (mgkg™)

Type RSD (%) (n=3) coefficient (r2) (n=5) (n=5)
Azoxystrobin LC-MSMS 90.1+3.4 0.9991 0.041 0.124
Bifenthrin GC-ECD 100.2+0.2 1.0000 0.005 0.015
Boscalid LC-MSMS 94.1+34 0.9998 0.020 0.059
Cadusafos GC-NPD 852+27 0.9995 0.007 0.020
Carbofuran LC-MSMS 91.1+39 0.9978 0.016 0.048
Chlorothalonil GC-ECD 939+1.7 0.9988 0.023 0.071
Chlorpyrifos GC-NPD 955+32 0.9995 0.007 0.020
Chlorpyrifos-methyl GC-NPD 91.6+7.1 0.9991 0.033 0.099
Clorfenapyr GC-NPD 105.5+1.0 0.9978 0.038 0.117
Diazinon GC-NPD 86.2+3.8 0.9998 0.003 0.011
Diniconazole GC-ECD 99.5+0.4 0.9992 0.008 0.026
Endosulfan-sulfate GC-ECD 92.4+09 0.9997 0.005 0.015
Endosulfan-a GC-ECD 83.6£0.6 0.9996 0.006 0.018
Endosulfan- GC-ECD 90.0+0.3 0.9998 0.004 0.013
EPN GC-ECD 98.4+0.7 0.9999 0.003 0.010
Ethoprophos GC-NPD 89.9+3.9 0.9996 0.006 0.017
Fenitrothion GC-NPD 109.5+2.7 0.9997 0.005 0.016
Fludioxonil GC-NPD 105.5+1.9 0.9996 0.016 0.048
Flufenoxuron LC-MSMS 100.0£5.7 0.9992 0.043 0.129
Fluquinconazole LC-MSMS 89.7+8.7 0.9997 0.026 0.078
Fosthiazate GC-NPD 110.8 1.7 0.9989 0.010 0.029
Indoxacarb GC-ECD 102.0 £ 0.6 0.9994 0.007 0.021
Kresoxim-methyl GC-NPD 102.1+1.3 0.9983 0.034 0.102
Lufenuron LC-MSMS 1004 +2.7 0.9967 0.040 0.122
Metconazole GC-NPD 93.0+10.0 0.9931 0.025 0.076
Methabenzthiazuron LC-MSMS 943+3.6 0.9999 0.015 0.047
Novaluron LC-MSMS 79.1+4.3 0.9974 0.016 0.048
Procymidone GC-ECD 87.1+£1.6 0.9997 0.005 0.014
Tebupirimfos GC-NPD 101.5+2.0 0.9986 0.027 0.083
Tralomethrin GC-ECD 972+74 0.9922 0.006 0.021
Trifloxystrobin LC-MSMS 96.5+3.8 0.9992 0.038 0.116
Triflumizole GC-NPD 85.0+5.3 0.9989 0.010 0.029

Table 6. The number of agricultural products detected and violated in leafy vegetables

Commodity No of Nq of . Nq of No of.2 pe.sticides No of.3 pe'sticides
samples  Detection (%)  Violation (%) violation violation
Amaranth leaves 13 5(38.5) 1(7.7)
Broccoli 51 1(2.0) -
Buckwheat leaves 35 4(11.4) 1(2.9)
Butterbur 57 7(12.3) 1(1.8)
Leafy vegetables ~ Cabbage 12 1(8.3) -
Chamnamul 101 22(21.8) 2(2.0)
Chard 4 - -
Chickweed leaves 2 - -

Chicory 197 15(7.6) 3(1.5)
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Table 6. continued
Commodity No of Nq of . Nq of No of.2 pe.sticides No of.3 pe.sticides
samples  Detection (%)  Violation (%) violation violation
1
Chili pepper leaves 29 11(37.9) 1(3.4) Boscalid
Kresoxim-methyl
Chinese mallow 134 21(15.7) 5(3.7)
Chwinamul 147 54(36.7) 8(5.4)
Coastal hog fennel 16 2(12.5) 1(6.3)
Coriander 1 - -
Crown daisy 283 50(7.7) 7(2.5)
1
Danggwi 50 16(32.0) 5(10.0) Indoxacarb
Cadusafos
Dolnamul 2 1(50.0) -
Dried radish leaves 1 1(100.0) -
Kale 2 - -
Kimchi cabbage 19 5(26.3) -
1
Korean cabbage 33 8(24.2) 5(15.2) Diniconazole,
Diazinon
Lettuce(head) 46 7(15.2) -
Leafy vegetables Lettuce(leaf) 332 36(10.8) 4(1.2)
Mustard green 2 - -
Mustard leaf 81 19(23.5) 1(1.2)
Others 1 1(100.0) -
Pak choi 19 3(15.8) 1(5.3)
Parsley 4 3(75.0) -
Perilla leaves 372 93(25.0) 9(2.4)
Radish leaves 307 87(28.3) 11(3.6)
Rape leaves 88 11(12.5) 2(2.3)
Red-veined dock 1 - -
Rucola 1 - -
Shepherd's purse 64 9(14.1) -
Sonchus-leaf 18 - -
Spinach 300 93(31.0) 11(3.7)
Squash leaves 32 2(6.3) -
Ssam cabbage 493 85(17.2) 2(0.4)
Wormwood 13 3(23.1) 1(7.7)
Young Barley Leaf 8 1(12.5) -

Sub total 3371 677 82 3 0
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Table 6. The number of agricultural products detected and violated in leafy vegetables

No of 2 No of 3
Commodity saljgp(fgs Detgc(t)ic())rf (%) Vioﬂtoicilf (%) lieiztli:tiiif lieiztlﬁiiif
Bracken 6 1(16.7) -
1
Celery 9 3(33.3) 1(11.1) Chlglrg{l;‘lfos'
Chlorpyrifos
Chinese chives 472 101(21.4) 5(1.1)
Dureup elater 12 - -
Green garlic 15 3(20.0) -
Stalk and stem Kohlrabi 9 - -
vegetables Salt sandspurry 144 5(3.5) -
1
Sweet potato vines 184 7(3.8) 1(0.5) h?d‘oai;“cz‘r‘b
Lufenuron
Taro stem 1 - -
Water dropwort 161 5(3.1) 1(0.6)
Welsh onion 64 18(28.1) 34.7)
Wild chive 35 7 -
Sub total 1112 150 11 1 1
Total 4433 827 93 4 1
e =okf e 2Xg U HEsE al., 2013; Kang et al., 2015; Elgueta et al., 2017; Yang et
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Table 7. Pesticides detected in agricultural products and their MRLs

LI A AR - 2

Classification Pesticide No d%isgtr:gles No\zf)f:g:gles Det(i:ltéfgf?)nge (rr]:;i?')
Amisulbrom 1 0 0.2 3.0
Azoxystrobin 192 3 0.0-11.0 0.05-30.0
Bodcalid 44 4 0.0-17.4 0.3-40.0
Chlorothalonil 20 3 0.1-21.4 0.5-40.0
Cyazofamid 24 0 0.0-2.0 0.5-15.0
Diethofencarb 1 0 2.0 3.0
Dimethomorph 124 0 0.0-4.0 0-30.0
Diniconazole 25 10 0.0-3.1 0.05-0.3
Ethaboxam 21 0 0.0-1.0 1.0-15.0
Fenbuconazole 2 0 0.0-0.1 0.3-3.0
Fludioxonil 17 2 0.0-17.0 0.05-40.0
Fungicide Fluquinconazole 42 3 0.00-1.25 0.05-3.0
Iprobenfos 1 0 0.1 0.2
Iprodione 1 0 22 10.0
Kresoxim-methyl 2 2 3.4-4.0 0.1-2.0
Metconazole 2 2 0.82-1.1 0.05
Myclobutanil 1 0 0.2 2.0
Procymidone 82 6 0.0-344 0.1-5.0
Pyraclostrobin 24 0 0.0-5.0 0.5-20.0
Pyrimethanil 10 0 0.0-0.5 3.0-10.0
Tricyclazole 4 0 0.00-0.02 0.05-0.2
Trifloxystrobin 5 2 0.2-3.3 0.5-2.0
Triflumizole 5 1 0.1-9.3 2.0
Subtotal 23 650 38
. Methabenzthiazuron 5 1 0.01-0.68 0.05
Herbicide . .
Pendimethalin 2 0 0.0-0.04 0.05-0.2
Subtotal 2 7 1
Acetamiprid 6 0 0.0-0.2 0.2-10.0
Acrinathrin 3 0 0.2-1.0 5.0
Bifenthrin 7 1 0.0-1.5 0.05-10.0
Cadusafos 5 4 0.1-5.32 0.02-0.2
Carbofuran 14 1 0.00-0.16 0.05-0.5
Chlorantraniliprole 6 0 0.0-0.3 1.0-10.0
Chlorfenapyr 13 1 0.1-8.2 2.0-7.0
Chlorpyrifos 18 12 0.0-3.3 0.01-0.2
.. Chlorpyrifos-methyl 2 2 0.36-1.7 0.05-0.2
Insecticide .
Cyfluthrin 1 0 0.3 2.0
Cypermethrin 3 0 0.2-0.3 5.0
Diazinon 29 13 0.0-3.14 0.05-0.5
Endosulfan 1 1 1.0 0.1
EPN 1 | 12.97 0.05
Ethoprophos 3 3 0.38-1.75 0.02
Fenitrothion 6 4 0.03-14.0 0.05-15.0
Fenpyroximate 1 0 0.0 7.0
Flonicamid 6 0 0.0-0.8 0.05-2.0
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Table 7. continued
Classification Pesticide No doeisgtr:gles No\(/)iifi[r:gles Det(i:ltéﬁf?)nge (rr]:;i?')
Flufenoxuron 33 2 0.0-2.0 0.2-10.0
Fosthiazate 10 2 0.2-4.2 0.05-5.0
Indoxacarb 100 7 0.0-12.8 0.5-20.0
Lufenuron 32 3 0.0-1.2 0.2-7.0
Methoxyfenozide 9 0 0.0-1.0 2.0-20.0
Novaluron 4 1 0.1-1.0 0.05-2.0
Pyridalyl 37 0 0.0-6.0 0.7-20.0
. Pyriproxyfen 20 0 0.0-0.1 0.2
Insecticide .
Tebufenozide 10 0 0.0-1.0 0.05-10.0
Tebufenpyrad 3 0 0.1-0.7 5.0
Tebupirimfos 1 1 0.25 0.01
Teflubenzuron 8 0 0.0-1.0 0.5-5.0
Thiacloprid 1 0 0.0 20.0
Thiamethoxam 5 0 0.0-0.1 0.1-15.0
Thifluzamide 2 0 0.0-0.03 0.05-0.5
Tralomethrin 2 1 0.3-14 0.2-0.5
Subtotal 34 402 60
Total 59 1059 99
o] FE AZH ALE ¥Fslo] BT 1,059820] HAEH FZ 11.6 KMT (12.7%)°] A tHGwangju Metropolitan City,
Atk F8 HE FHOEE Azoxystrobin®] 1927102 7} 2019). -5 AAE S8l A9 S-S FF7E 1,555
ol HEHNY, UCSE Dimethomorph 1227, A, U7 1,06010.2 AR 44837 = 583%7) o] F A

Indoxacarb 9971, Procymidone 827422 &elx|o] 773
£71F zI7F B s 2F UE HFIES B

1}, Indoxacarb®} Procymidone A&7 243 =5 ©olt}.

S

MAMXH g

B AY ARl MR e Er Al ZhskEAl
ExjAl el uklE GalFe Fo A= FFdE A
2018 7)ol L |
KMT % 59.9 KMTZ 65.8%= A3t @ Aojoz

Aollrf Zsh= At

B30 S T Aol 387 B 2AY A5 7}

7} 24743} 27702 A FATe] 54.8%E 28] A
Ao} vlglatd oy YoM FAE AR FAH
e 2Fs8715S 2343 497 A7 BATH(Table
8). Zelu AxE nlws] B9 20164, 20179 2%
2018300 212t B3 77(19.4%), 871(22.9%)2 971(40.9%)
o1, UFE 1471(38.9%), 871(22.9%)3, 571(22.7%)=
gRI=lo] 2016d%e] V9] RIErl BolAog #4t

T A1

E 3571 294KMT (32.3%) 0.2 7H4 Bk, theo] U

Table 8. The number of samples detected and exceed MRLs by year

201793 2018390 BF7} Eof

A= RAgelE 3

Total 2016 2017 2018
Area No. No. No. No. No. No. No. No. No. No.
No. No. . . S . . L . . L
analy- detection violation analysis detection violation | analysis detection violation | analysis detection violation
sis (%0) (%) (%) (%) (%0) (%) (%) (%) (%0)
. 513 52 7 552 111 8 485 84 9
Gwangju | 1350 247 24 (34.9%) (25.9%) (19.4%) | (36.3%) (33.5%) (22.9%) | (32.5%) (28.5%) (40.9%)
. 299 70 14 355 93 8 400 103 5
Naju 1054 266 27 (20.3%) (34.8%) (38.9%) | (23.4%) (28.1%) (22.9%) | (26.8%) (34.9%) (22.7%)
660 79 15 612 127 19 607 108 8
Other areas | 1879 314 21 44.8%) (393%) (41.7%) | (403%) (384%) (543%) | (40.7%) (36.6%) (36.4%)
Total 4483 827 93 1472 201 36 1519 331 35 1492 295 22
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Fig. 1. Relation for each year by factor (from 2016 to 2018).
Number of exceed MRLSs samples by year, (B) Number of detected samples by year.

o [e3Xez] . . . .
17F ARJTh Table 9. Pearson’s correlation coefficient between violation and

AEH AR F8 A= AY U7t 266FE detection (from 2016 to 2018)
32.2%, FF7}F 247 EEOF 299%E ARSI Zﬁﬂ e Factor Violation®
<§ﬁ$f7ﬂ@ﬂwﬁ£ﬂémmaﬂﬂd%4ﬁE@ Total 2016 2017 2018
2E 201734 ZF7F 111A(33.5%)E U5 9371 (28.1%)H.th Detection” | 0.284%*9  (.529%*  0.190  0.384*

EkA| wk 2016‘44’ 20183 UollA 2zt 7071(34.8%)9} YDetection: Number of detected samples
ettt

1037(34.9%)2 BF 5271(25.9%)0} 8470 (28.5%) Wk @ yiolation: Number ofexceed MRLS samples

SFTH(Table 8). Significantly different between nutrient intakes and serum lipid
levels at *p<0.05, **p<0.01.

Rs FHEY AE WY 4D
B A0 ASE BE ARE £7)(102 24) UNE B AT $AY B4 HBE 4Hos £ oz B
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1518
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mhd FARHA 2SR eketha A ThFig. 1). ol g SRS AFEt FA B A4 B2 AERY F
A= AT AR FAS LAo] 7]o] Wt 5 AL oz 75 20, &5, A5H) ¥ =g
AHEo] A7 Aol 2 JES v F e AEE EA40 g RS Elsth A A9 2wk
w2} AR Ao s IS Zlojgke dSde A %e AE WA 2971 B2 A9S dPdeR slen, AlEA
Ao R ke, e FARE AE 2 T 91Tt ' A4 A& AF F 60.6%2 AAE UF Ao, T
FANME 0.284(p<0.01)2] FAATE 7HA el A3 42.5%Z A3 B33 A9 41.4%S AR UF 299
< B3lon, 53] 2016d9= A4AIF7E 0.529(p<0.01)= 715 8913 vl

=2 o) A#AS Hol(Table 9, Fig. 2) A% LA AG7} ANaAY] ZREt HAE AT 9371 T 56702 BUd
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Fig. 2. Relation between violation and detection (from 2016 to 2018).
Table 10. Pearson's correlation coefficient between spinach and each factor (in Naju area)
Price Temperature Humidity Precipitation Violation” Detection”
Price 19
Temperature 0.539%* 1
Humidity 0.434%* 0.532%** 1
Precipitation 0.332%* 0.375%* 0.484** 1
Violation -0.006 -0.040 0.055 0.027 1
Detection -0.127 -0.230* 0.065 -0.081 0.357** 1

Violation: Number of exceed MRLs samples
PDetection: Number of detected samples
9Pearson's correlation coefficient.

Significantly different between nutrient intakes and serum lipid levels at *p<0.05, **p<0.01.
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Table 11. Pearson’s correlation coefficient between radish leaves and each factor (in Gwangju and Naju area)

Gwangju

Naju\ Price Temperature Humidity Precipitation Violation” Detection”
Price -0.023 0.164 0.033 -0.149 -0.191*
Temperature -0.0159 0.662** 0.335** 0.127 0.505**
Humidity 0.202* 0.532%* 0.404** 0.101 0.386**
Precipitation 0.093 0.375%* 0.484%* 0.397** 0.326*
Violation 0.004 0.066 0.146 0.016 0.484**
Detection 0.148 0.177 0.260** -0.022 0.446%*

a)Violation: Number of exceed MRLs samples
b)PDetection: Number of detected samples
Pearson's correlation coefficient.

Gwangju and []: Naju

Significantly different between nutrient intakes and serum lipid levels at *p<0.05, **p<0.01.

20°C)ellA 2 Ak A&7|7k] ol 3E F 20(1S)~
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