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Abstract This study was performed to monitor the pesticide residues in agricultural products which
distributed at local food markets in Gwangju from 2017 to 2019. As the analysis results of 228 pesticide
residues in total 372 samples. Residual pesticides were detected from 52 (14.0%) samples and the
concentration of diazinon detected in 3 (0.8%) samples (spinach, welsh onion, young radish) exceeded
maximum residual limits (MRLs). The concentrations of pesticide residues in the rest of 49 samples (13.2%)
were below the MRLs. Residual pesticides were very frequently detected in 5 pepper samples, followed by
Chinese chives (4) and spinach (4). The frequently detected pesticides were fludioxonil (6), chlorantraniliprole
(5), bifenthrin (4), flonicamid (4) and pyridalyl (4). Of the 52 agricultural products in which pesticide
residues were detected, 10 samples (19.2%) contained two or more pesticide residues. The results of human
risk assessment (Hazard Index, %) for the violated pesticides were 34.8% for spinach, 9.8% for young radish,
and 4.2% for welsh onion. The values of their Hazard Index (%) were less than 100%, representing that the
effect of violated pesticides on human risk was insignificant. From the above results, the safety of pesticide
residues in local food agricultural products was not significantly different from that of agricultural products
distributed in the wholesale market or general market. In order for local food to establish itself as a new food
distribution culture, quality control including residual pesticides as well as freshness should be continuously
conducted.
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Table 1. Analysis results of pesticide residues in agricultural products
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& 228%°] 5k Table 29} 2
T ¥FE-S Dr. Ehrenstorfer
GmbHA}F (Wesel, Germany)g‘r WakoA} (Hirono, Japan) A
FE AR, AR FE2E sl ARSSE Suje} Al
oFe  acetonitrile, acetone, n-hexane, dichloromethane,
sodium chloride= MerkA} (Darmstadt, Germany) &2
ARG AlRS] AAE flEl ZIA AR E T T4
o= florisil catridge (Strata, 500 mg/6 mL, Phenomenex,
USA), HAZZrETZ EA = aminopropyl cartridge
(Strata, 1 g/6 mL, Phenomenex, USA)E ARE-3} T},

Type Group No. of Nq .of . Nq. of
samples detection(%) violation(%)

Vegetables Leafy vegetables 157 23(14.6) 2(1.3)

Stalk and stem vegetables 59 9(15.3) 1(1.7)
Root and tuber vegetables 19 1(5.3) -
Fruiting vegetables, cucurbits 32 4(12.5) -
Fruiting vegetables other than cucurbits 52 13(25.0) -
Sub total 319 50 3
Fruits Pome fruits 10 - -
Citrus fruits 1 - -
Stone fruits 8 - -
Berries and other small fruits 17 1(5.9) -
Assorted tropical and sub-tropical fruits 1 - -
Sub total 37 1 -
Cereal grains - -
Root and tuber crops 9 1(11.1) -
Mushrooms - -

Total 372 52(14.0) 3(0.8)
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Table 2. The list of selected pesticides (228 pesticides)
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Acrinathrin
3,4,5,-Trimethacarb
Acetamiprid
Aldicarb
Aldrin& Dieldrin
Ametryn
Amisulbrom
Anilofos
Azaconazole
Azinphos-methyl
Azoxystrobin
Bendiocarb
Benzoximate
BHC

Bifenthrin
Binapacryl
Boscalid
Bromacil
Bromopropylate
Bupirimate
Cadusafos
Captafol

Captan

Carbaryl
Carbofuran
Carbophenothion
Chinomethionat
Chlorantraniliprole
Chlordane
Chlorfenapyr
Chlorobenzilate
Chlorothalonil
Chlorpyrifos
Chlorpyrifos-methyl
Chromafenozide
Cinmethylin
Cinosulfuron
Clothianidin
Cyazofamid
Cyflufenamid
Cyfluthrin
Cyhalothrin
Cymoxanil
Cypermethrin
Cyproconazole
Cyprodinil

DDT
Deltamethrin
Diazinon
Dichlofluanid
Dichlorvos
Dicloran
Dicofol
Diethofencarb
Dimepiperate
Dimethachlor
Dimethenamid
Dimethoate
Dimethomorph

Dimethylvinphos

Diniconazole
Diphenamid
Diphenylamine
Dithiopyr
Edifenphos
Endosulfan
Endrin

EPN
Epoxiconazole
Esprocarb
Ethaboxam
Ethiofencarb
Ethion
Ethoprophos
Etofenprox
Etoxazole
Etridiazole
Etrimfos
Fenamidone
Fenarimol
Fenazaquin
Fenbuconazole
Fenhexamid
Fenitrothion
Fenobucarb
Fenothiocarb
Fenoxanil
Fenoxycarb
Fenpropathrin
Fenpyroximate
Fenthion
Fenvalerate

Ferimzone
Fipronil
Flonicamid
Fluacrypyrim
Fluazinam
Flubendiamide
Fludioxonil
Flufenacet
Flufenoxuron
Flumioxazine
Fluopyram
Fluquinconazole
Flusilazole
Flusulfamide
Flutolanil
Folpet

Fonofos
Forchlorfenuron
Fosthiazate
Fthalide
Furathiocarb
Heptachlor
Hexaconazole
Hexaflumuron
Imazalil
Imibenconazole
Imidan
Indanofan
Indoxacarb
Iprobenfos
Iprodione
Iprovalicarb
Isazofos
Isofenphos
Isoprocarb
Isoprothiolane
Kresoxim-methyl
Lufenuron
Malathion
Mecarbam
Mefenacet
Mepanipyrim
Mepronil
Metconazole
Methabenzthiazuron
Methidathion

Methiocarb
Methomyl
Methoxychlor
Methoxyfenozide
Metolachlor
Metolcarb
Metrafenone
Molinate
Myclobutanil
Napropamide
Nitrapyrin
Novaluron
Nuarimol
Ofurace
Oxadixyl
Oxamyl
Oxaziclomefon
Paclobutrazole
Parathion
Parathion-methyl
Penconazole
Pendimethalin
Pentoxazone
Permethrin
Phenthoate
Phosalone
Phosphamidone
Picoxystrobin
Pirimicarb
Pirimiphos-ethyl
Pirimiphos-methyl
Probenazole
Prochloraz
Procymidone
Profenophos
Promecarb
Propazine
Propisochlor
Propoxur
Prothioconazole
Prothiofos
Pyraclofos
Pyraclostrobin
Pyrazolate
Pyrazophos

Pyribenzoxim

Pyributicarb
Pyridaben
Pyridalyl
Pyrimethanil
Pyrimidifen
Pyriminobac-methyl
Pyriproxyfen
Pyroquilon
Quinalphos
Quinoclamine
Quintozene
Simeconazole
Spirodiclofen
Tebuconazole
Tebufenozide
Tebufenpyrad
Tebupirimfos
Teflubenzuron
Tefluthrin
Terbufos
Terbuthylazine
Tetraconazole
Tetradifon
Thenychlor
Thiacloprid
Thiamethoxam
Thiazopyr
Thifluzamide
Thiodicarb
Thiometon
Tiadinil
Tolclofos-methyl
Tolyfluanid
Tralomethrin
Triadimefon
Triazophos
Tricyclazole
Trifloxystrobin
Triflumizole
Triflumuron
Triticonazole
Uniconazole
Vinclozolin

Zoxamide
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Table 3. GS-MS/MS conditions for analysis of pesticide residues
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Instrument GC-MS/MS
Inlet Temp. 250°C
Oven Temp. 70°C (3 min) — 15°C/min — 180°C (0 min) — 5°C/min — 300°C (5 min)
Transfer line 280°C
Source Temp. 250°C
Column DB-5MS (30 m x 250 pm x 0.25 um)
Flow rate mL/min
“Temp. : temperature
Table 4. LS-MS/MS conditions for analysis of pesticide residues
Instrument LC-MS/MS
Column Acquity UPLC-BEH C18 (2.1 x 5 mm, 2.7 um)
Flow rate 0.4 mL/min
Injection volume 1.0 ul
A : 0.1% Formic acid in 2% Methanol
Mobile phase L
B : 0.1% Formic acid in Methanol
Gradient Time (min) A (%) B (%)
0 95 5
0.2 95 5
4 0 100
4.5 0 100
4.6 95 5
6 95 5

oF B THEFORE B4 A28e] whet S stsick
BAIE GC 32 A% U GHRAE 98 714

2ol APEA7](Gas Chromatography tandem
mass spectrometry, GC-MSMS, Agilent 7000B, California,
USAYE AHS3IIEL, LC 359 A% 8 AR A
AZrte X AR 7](Liquid Chromatography tandem
mass spectrometry, LC-MSMS, Thermo TSQ, Massachusetts,
USA)E AR&-8lsltt. 71714 2712 Table 3, 49} 2t
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F 2 AER) FA7ES Hesidh o, 20199 19
19578 PLSAI= 7} MWAs o] wet, 20194 A€
AR thsir= PLS 7158 4

Fee AFEge] WEHA B R AR T
¥ 712 10mgkeol H5E 5 AFEFELL A1
9 33w Agslel Z4skch AEWA(Limit of

Detection, LOD)2} 7 %8| (Limit of Quantification, LOQ)
+ ICH (International Conference on Harmonization)ol|*]

AAZE oFf AE ol w7+t

LOD=3.36/S

LOQ=10c/S

o =43k EFHAN(The standard deviation of response)
S = A% 71-€7](The slope of the calibration curve)
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Table 5. Coefficient of determination (R2), recovery (%), LOD, LOQ of the pesticide residues detected in agricultural products

Pesticide D%Eection Recovery: RSD(%) Sg;rf?ilgitelz?ll‘: (Iigl?g) (Iigl?g)

ype (n=3) ) =5 =5
Bifenthrin GC-MS/MS 81.6+0.7 1.0000 0.005 0.015
Chlorantraniliprole GC-MS/MS 942+12 0.9990 0.011 0.033
Chlorpyrifos GC-MS/MS 73.5£0.5 0.9997 0.005 0.015
Diazinon GC-MS/MS 72.8£0.5 0.9998 0.003 0.009
Diphenylamine GC-MS/MS 749+0.5 0.9999 0.000 0.001
Flonicamid GC-MS/MS 99.2+0.3 1.0000 0.004 0.012
Fludioxonil GC-MS/MS 83.5+0.7 0.9984 0.001 0.004
Fluopyram GC-MS/MS 809+ 1.4 0.9969 0.001 0.002
Flutolanil GC-MS/MS 84.0+0.7 0.9988 0.010 0.030
Indoxacarb GC-MS/MS 101.0£0.3 0.9995 0.007 0.021
Pyridaben GC-MS/MS 76.1£1.3 0.9975 0.001 0.004
Pyridalyl GC-MS/MS 74.7+£1.1 1.0000 0.012 0.036
Acetamiprid LC-MS/MS 94.5+3.3 0.9985 0.018 0.054
Boscalid LC-MS/MS 100.7£7.0 0.9998 0.019 0.057
Cyazofamid LC-MS/MS 1104+ 6.9 0.9999 0.002 0.007
Fluquinconazole LC-MS/MS 79.1£423 0.9997 0.017 0.051
Pyraclostrobin LC-MS/MS 103.1+5.2 0.9993 0.013 0.039
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Table 6. Pesticides detected in agricultural products and their MRLs

Vegetables Pesticide detected Conc. of Detection MRL
(No. of detected) (mg/kg) (mg/kg)
Dimethomorph 0.0 1.0
Chlorantraniliprole 0.1 1.0
Pyraclostrobin 0.1 0.5
Chili pepper (5) Metrafenone 0.3 2.0
Flonicamid 0.0 2.0
Acetamiprid 0.1 2.0
Fluopyram 0.0 3.0
Fluquinconazole 0.1 0.3
Chlorantraniliprole 0.01 0.05
Diphenylamine 0.1 5.0
Chinese chives (4) Flonicamid 0.0 0.5
Fludioxonil 0.0 7.0
Flutolanil 0 10
Tefluthrin 0.1 2.0
Carbofuran 0.0 0.1
. Cyazofamid 0.3 3.0
Spinach (4) ..
Diazinon 0.7 0.5
Pyridalyl 0.0 5.0
Diazinon 0.12 0.05
Welsh Onion (3) Pyridalyl 0 15
Flubendiamide 0.1 5.0
Chlorantraniliprole 1 20
Indoxacarb 3.0 3.0
Curled mallow (3) .
Boscalid 0 40
Bifenthrin 0.1 1.0
Cyazofamid 0.2 0.5
Cherry tomato (3) Pyridaben 0.1 1.0
Fludioxonil 0.1 1.0
Chlorantraniliprole 1 10
Perilla leaves (3) Ethoprophos 0.01 0.02
Chlorantraniliprole 0.6 7.0
Thiacloprid 0.0 0.1
Eggplant (2) .
Acetamiprid 0.0 0.5
) Tebufenpyrad 0.2 1.0
Danggwi leaves (2) .
Pyridalyl 9 15
Flonicamid 0.1 2.0
Cucumber (2) Fludioxonil 0.1 2.0
Triflumizole 0.1 1.0
. Indoxacarb 0.1 3.0
Radish(leaves) (2)
Indoxacarb 0.1 3.0
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Table 6. continud
(No\.]i)%?(tlzttiiie d) Pesticide detected Conc.(r(r)lfgl/)sz ction (rlr\gjlgg)
. Bifenthrin 0.0 2.0
Winter cabbage (2) .
Deltamethrin 0.1 1.0
Azoxystrobin 0 20
Young radish (2) Fludioxonil 1 15
Diazinon 0.12 0.01
Chlorothalonil 0.3 5.0
Diphenylamine 0.0 5.0
Tomato (2) Flonicamid 0.1 1.0
Fludioxonil 0.1 1.0
Triflumizole 0.0 1.0
Garat (1) Bifenthrin 0.0 2.0
Potato (1) Chlorpyrifos 0.0 2.0
Aronia (1) Pyraclostrobin 0.1 2.0
Pyridaben 0.1 3.0
Sweet pepper (1) .
Pyridalyl 0.1 2.0
Squash (1) Pyripoxyfen 0.0 0.2
. Boscalid 0.0 0.3
Garlic (1) .
Fluquinconazole 0.1 0.1
Giant butterbur (1) Amisulbrom 0.3 1.0
Buckwheat(leaves) (1) Bifenthrin 0.0 2.0
Fenbuconazole 0.1 0.2
Water-celery (1) .
Flutolanil 0 10
Lettuce(leaves) (1) Fludioxonil 0 15
Ssam cabbage (1) Fluopyram 0.04 0.04
Spring onion (1) Chlorpyrifos 0.01 0.05
Korean Melon (1) Tetraconazole 0.1 1.0
016470 BFAS Eulalg wielsaEe] ARse 4 9Y1EUS Aslel Bes Aok @k 2017E AEA
B ALl GAFe Rsef 51871 23 vleol 3d o 2AFE Aui F HAepRr ASWES AL 243
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ArAze} 2 4345 Bk (Kim et al, 2005; Yang et S AWHH AF5F AEES 3.6%, FAFES 1.8%=

al., 2017; Park et al., 2019). Lim et al (2020) 52| 27 = gkold ul 9JthKang et al., 2018). T3+ 20199 % 737] &
FhkEel] tE JX—AMVV what A {7 AR, ST ol AAY FA] gigt A E O AR F 218

Iy

Hrp 22 HEES HAS ¥ oy, vt AR AF 73EAHE0] 50% oS EFEHULNE 6.8%2] HFEF
o HAEEC] E—f—e— B §871E S 2Ae AT A HAEET 05%] FARES IRletsol BaEArHLim
o] IRIFA] W2 HAx £ ArAze} A A Hel et al., 2020).
Fololtt. o]y wAHE ERE AEES] Hste =rjA 2017 ~20199% FFFFA sFe HAAAEA B
& A S] ABAA BER BA7IRES] A Aol mEM, 337 FFA S FIEAAE T sEe]
£ o= g ok ARl gk A&H0 Shjel R A5t AEES B 17.0%0)3 38715 2343 7
oE o7 wEn, HEE siHE TS PLSA A9 HHES Fd 1.5%33, 2EFE e A%
T =9 BAH e st 24 =] o] wet A EulE 5 ik AT f55iHEe] 39 o Rst A
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HZ52™, chlorantraniliprole 53], bifenthrin, flonicamid,

Table 7. List of pesticides detected in agricultural products
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pyridalyle] Ztz} 43] Z12]3 diazinon?} indoxacarb7} Z}7}
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71EA] ol FEZ HAEHI A, flonicamide F3F, I1F,
Q0], ErfEA pyridalyl> AlEX], 7, Ul3}, 3]ol|A
717} 818712 oYl e HEo] gR1FUct.

ot AtellA 7 FHE T2 diazinon©] AEE
2], tioh 283 D) 2 B diazinon Al o)
HraoFsl8710] AR s o] A ot AT HA = ATt
Holrh. Algx|e}t thute] 75+ 2017d%0] A4 AA
7} 8 =]e] CODEX 712! 0.5 mg/kg? 0.05 mg/kge] 7+
7} AEHJLL, EFE) Ao A9= PLSAEZF Al
20199 ©]FZ 0.01 mgkg A 7]1F0] H&H Al A
ol AL A FRSE 71 PR Foks AL
439 A o2 A5 H. Diazinon 7104 A T
AgolA R, 20209 A F 1559 FAHE] disiA w7t
Fol&7lEel AalA lom, 2 5 A Fel= AR (0.05
mg/kg), 15%(0.05 mg/kg), EZoluS(0.1 mgke) 353
AT Folle FrH(0.05 mgkg) 150 tisiaw 715

b ofj

A

o >

e L oy

No of samples

No of samples

Classification Pesticide detected Classification Pesticide detected
Acaricide Tebufenpyrad 1 Chlorantraniliprole 5
Fludioxonil 6 Flonicamid 4
Boscalid 2 Pyridalyl 4
Cyazofamid 2 Indoxacarb 3
Diphenylamine 2 Acetamiprid 2
Fluopyram 2 .. Chlorpyrifos 2
: Insecticide .
Fluquinconazole 2 Deltamethrin 1
Flutolanil 2 Ethoprophos 1
. Pyraclostrobin 2 Flubendiamide 1
Fungicide . . .
Triflumizole 2 Pyripoxyfen 1
Amisulbrom 1 Tefluthrin 1
Azoxystrobin 1 Thiacloprid 1
Chlorothalonil 1 . Diazinon 3(3)Y
. Insecticide . .

Dimethomorph 1 Acaricide Bifenthrin 4
Fenbuconazole 1 Pyridaben 2

Metrafenone 1 Insecticide
. Carbofuran 1

Tetraconazole 1 Nematicide

3() = No of samples violated
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Table 8. Human risk assessment for the pesticides violated in agricultural products

. . MRL Cone. of 1y i1y food intake EDP ADI” Hazard
Commodity — Pesticide .\ ) ‘}f:fgc/k“gl * @/day) (me/kg bw/day) (mg/kg b.w./day) l(‘;/‘:)i’f
Spinach Diazinon 0.5 07 55 0.0000696 0.0002 3481
Welsh Onion ~ Diazinon  0.05 0.12 38 0.0000084 0.0002 4.19
Youngradish  Diazinon 001 0.12 9.0 0.0000196 0.0002 9.81

YEDI (Estimated daily intake, mg/kg b.w./day)

= (Conc. of detection (mg/kg) x Daily food intake (g/day)) / 55 kg (body weight)

Y ADI (Acceptable daily intake, mg/kg b.w./day)
9Hazard Index (%) = (EDI/ADI) x 100

dE X—Li 0.01 mg/kg %
= olr] Qﬂl 5 1 99 3¢ A=olt}. 2006

=, Mvth, 33 = Olﬂr %/‘}?"& 4
Tolerance) A|=5 & © AAT Foe
(Chung et al., 2014).
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291 $41E 7hok & Aolr.
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2 AdA FoF A8 E 238 ke 340
el anE AFH S we] flsidS gotr] fls) <t
AR B7E stk o A, AlaRe] AsIAF (%)t
34.81%% 7P =%om, 5 %‘% 9.81%, thate] 7
T 4.19%= YERITH(Table 8).

2o oRobi A AAAEAFE NI H 7 TEAHA
(MFDS, 2019)e]l m2H, f75Ade] glrka ezl 542
U 8 o5l i%% 735 AW el S YERA
OJ-O 1H}\-LQ_ ]:,_ 7é;<«]t‘ﬂ- Z': 9)1011] l-:okJ,]. 71—0] 941:7(—10
2 ARE = 22 deiME dYdFs &7 Nde A

43}o], 98| x14=(Hazard Index, %)’} 100%2 @olA ¢
Qe stthal wde ¢ vk e, B AreA g

=

WEE FAk=ol et et Aol Tl gk flal dd
7] & ASE Helr

Tl dukd oz AlF Ags Fal 2]
FS A Y T doH, 28 43%%011% o
AAEHBER HA 5] 9Jeide o Hold Zo= o
THKwon et al., 2009; Jegal et al., 2000). TH+ AA] 2
o] 715 ol et FAREe ATl gk W
o sAkE Akl Azl A&AQ1 RUB A A7 e
202 e,

aAe 2
2 ATE FFEYA BASEATY 20208 A4}
o] Ahoz 43 s HFUTh
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FFRAN R AT

2 o B ATe 35AY 2AFE AuiAe 5 458 AR ARk AuE vk s F3EA
201795 20199704 2AFE LM T 372708 o2 FHREok 2288 TAg A, el 871Es 2%
sle] A5 BFE 374(0.8%)F F3E71FA olFlE HEH 4974(13.2%)0] 1H A} FAT TS AlF
2, tio}, GFF) Aol 7+ 1AW O Z, o5 B diazinonol] Hs] AlEX|9} tluie CODEX 71E0% d¥(F) U
A g31= FoF 5 4B A 22327 % (Positive List System, PLS)ell wa} 223 4 ch 5o 7% Wwr}
T B FAES 33N, 259 AlgX7E 7 470t tHIE A% HoFo 2 E fludioxonile] 671,
chlorantraniliprole 571 ZZ2]3 bifenthrin, flonicamid, pyridalyl®] Z} 4714 BRI}, T3+ ZAFF0] AEH &
52719] AR F 107(19.2%)0141= 2% o] dFgofo] AEHAT F-A5 wg e sk 2lolo] tist 9)4]
AF %)= A7} 34.8%, SFCH)A 9.8%, T 42%=2 25 100% ©]3ke 7A73e] J3e XA = ok
T30l Ao FlFQr}. ojike] AdoM 2AFE FAHES AFEoF ML TrjAg T Uk AF 45
FAET 2 2pEAS Folr ] olg] e Ao w dAntHn 2AF e} A9 YAk FAE] i3 |2 WA
st2 Hu} 3as] A2] feiMe Mz} 3 sk x3et FERE L A&H o FeET BUHY

slojof & Zlolt}.
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