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Abstract Our study sought to analysis 340 types of pesticides and to assess the risk of samples that exceeded
maximum residual limits (violated) in 538 vegetable samples purchased from local food markets in Gwangju
(2022-2024). The samples were pretreated using the QUEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe)
method and analyzed with LC-MS/MS and GC-MS/MS. The vegetables were primarily produced in Gwangju
(55.4%) area. The annual detection rates of pesticides increased progressively from 41.4% in 2022 to 46.2%
in 2023 to 44.7% in 2024. In contrast the violation rates decreased each year, from 3.8% in 2022 to 3.3% in
2023 to 1.8% in 2024. The highest detection rate of pesticide residues at 70.5% (violation rate; 1.1%) was in

‘Fruiting vegetables other than Cucurbits’.

The ‘Leafy vegetables’ had the highest violation rate at 4.1%

(detection rate; 50.7%). A total of 237 (593 times) out of 340 pesticide residues were detected. The most
frequently detected pesticides were dinotefuran (51), fluxametamide (37), and thiametoxam (36). A total of
16 samples had violated, involving 16 pesticide residues that were detected 18 times. Phorate was the most
common pesticide to be detected three times. A total of 12 items had violated, and radish leaves and lettuce
were produce in which pesticides were most frequently detected (3 times each). In the risk assessment
contaminated vegetables, the ‘Hazard index’ was below 1 and was confirmed as a safe level.

Key words Local food, Pesticide residues, Risk assessment, Vegetables
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Table 1. Classification and composition ratio of vegetables

Category No. of Cpmpositiot;
samples ratio to total (%)

Total 538

Leafy vegetables 221 41.1
Stalk and stem vegetables 114 21.2
Flowerhead brassicas 19 3.5
Root and tuber vegetables 59 11.0
Fruiting vegetables, Cucurbits 37 6.9
Fruiting vegetables other than 38 164

Cucurbits
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Table 2. List of selected pesticides monitored in the study

Analysis Instrument
(No. of pesticides)

Pesticides

GC-MS/MS
(161)

Alachlor, Aldrin & Dieldrin, Anilofos, Benfuresate, BHC(a, B, 6), Bifenthrin, Boscalid, Bromobutide, Bro-
mopropylate, Buprofezin, Butachlor, Cadusafos, Carbophenothion, Carboxin, Chlordane, Chlorfenapyr,
Chlorobenzilate, Chlorpropham, Chlorpyrifos, Chlorpyrifos-methyl, Clomazone, Cyflufenamid, Cyprodinil,
Deltamethrin, Diazinon, Dichlobenil, Diclofop-methyl, Dicloran, Dicofol, Diethofencarb, Difenoconazole,
Dimepiperate, Dimethametryn, Dimethenamid, Dimethylvinphos, Diniconazole, Diphenamid, Diphenyl-
amine, Dithiopyr, Endosulfan, Endrin, EPN, Epoxiconazole, Ethalfluralin, Ethion, Ethoprophos, Ethy-
chlozate, Etoxazole, Etridiazole, Fenamidone, Fenarimol, Fenbuconazole, Fenclorim, Fenitrothion, Fenobucarb,
Fenothiocarb, Fenoxanil, Fenpropimorph, Fenpyrazamine, Fenthion, Fipronil, Fluacrypyrim, Fluazifop-
butyl, Flucythrinate, Fluensulfone, Flumioxazin, Fluopyram, Fluquinconazole, Flusilazole, Flutianil, Fluxa-
pyroxad, Formothion, Heptachlor, Hexythiazox, Indanofan, Indoxacarb, Ipconazole, Iprobenfos, Isazofos,
Isofenphos, Isoprocarb, Isoprothiolane, Isopyrazam, Isotianil, Kresoxim-methyl, Lindane (y-BHC), Mepa-
nipyrim, Mepronil, Metalaxyl, Methidathion, Methoxychlor, Metolachlor, Metribuzin, Myclobutanil, Nuarimol,
Oxadiazon, Oxadixyl, Oxyfluorfen, Paclobutrazol, Parathion, Parathion-methyl, Penconazole, Pendimethalin,
Penflufen, Penthiopyrad, Pentoxazone, Phenthoate, Phosalone, Phosmet, Phosphamidon, Phthalide (Ftha-
lide), Picoxystrobin, Piperonyl butoxide, Pirimicarb, Pirimiphos-ethyl, Pirimiphos-methyl, Pretilachlor, Pro-
cymidone, Profenofos, Prometryn, Propanil, Propiconazole, Propisochlor, Propyzamide, Prothiofos, Pyraclofos,
Pyraflufen-ethyl, Pyrazophos, Pyridalyl, Pyriftalid, Pyrimethanil, Pyriminobac-methyl, Quinalphos, Qui-
noxyfen, Quintozene, Silafluofen, Simeconazole, Simetryn, Spiromesifen, Spiroxamine, Tebuconazole,
Tebufenpyrad, Tebupirimfos, Tecnazene, Tefluthrin, Terbacil, Terbutryn, Tetraconazole, Tetradifon, Thiflu-
zamide, Thiometon, Tolclofos-methyl, Triadimefon, Triadimenol, Tri-allate, Triazophos, Trifloxystrobin, Tri-
flumizole, Trifluralin, Vinclozolin, Zoxamide

LC-MS/MS
(179)

Acephate, Acetamiprid, Aldicarb, Ametoctradin, Amisulbrom, Azinphos-methyl, Azoxystrobin, Benalaxyl,
Bendiocarb, Benthiavalicarb-isopropyl, Benzobicyclon, Benzoximate, Benzyladenine (6-Benzyl aminopu-
rine), Bistrifluron, Bromacil, Cafenstrole, Carbaryl, Carbendazim, Carpropamide, Chlorantraniliprole, Chlor-
fenvinphos, Chlorfluazuron, Chloridazone, Chromafenozide, Clofentezine, Clothianidin, Cyantraniliprole,
Cyazofamid, Cyclaniliprole, Cycloprothrin, Cyenopyrafen, Cyflumetofen, Cymoxanil, Cyproconazole,
Daimuron (Dymron), Dichlorvos, Diclosulam, Diflubenzuron, Dimethoate, Dinotefuran, Disulfoton, Diuron,
Dodine, Emamectin benzoate, Esprocarb, Ethaboxam, Ethiofencarb, Etofenprox, Etrimfos, Famoxadone,
Fenamiphos, Fenazaquin, Fenhexamid, Fenoxaprop-ethyl, Fenoxycarb, Fenpyroximate, Fensulfothion, Fen-
trazamide, Ferimzone, Flonicamid, Fluazinam, Flubendiamide, Fludioxonil, Flufenacet, Flufenoxuron, Flu-
opicolide, Flupyradifurone, Flusulfamide, Fluthiacet-methyl, Flutolanil, Flutriafol, Fluxametamide, Fomesafen,
Forchlorfenuron, Fosthiazate, Hexaconazole, Hexaflumuron, Hexazinone, Imazalil, Imibenconazole, Imicy-
afos, Imidacloprid, Inabenfide, Ipfencarbazone, Iprovalicarb, Isoxaben, Linuron, Lufenuron, Malathion,
Mandestrobin, Mandipropamid, Mecarbam, Mefenacet, Mefentrifluconazole, Metaflumizone, Metamifop,
Metconazole, Methabenzthiazuron, Methamidophos, Methiocarb, Methomyl, Methoxyfenozide, Metobromuron,
Metolcarb, Metrafenone, Mevinphos, Monocrotophos, Napropamide, Norflurazon, Ofurace, Omethoate,
Orysastrobin, Oryzalin, Oxadiargyl, Oxamyl, Oxathiapiprolin, Oxaziclomefone, Oxydemeton-methyl, Pen-
cycuron, Penoxsulam, Phenothrin, Phorate, Phoxim, Picarbutrazox, Piperophos, Probenazole, Propamocarb,
Propoxur, Prosulfocarb, Pydiflumetofen, Pyflubumide, Pyraclonil, Pyraclostrobin, Pyraziflumid, Pyrazolate,
Pyrazoxyfen, Pyribencarb, Pyribenzoxim, Pyributicarb, Pyridaben, Pyridaphenthion, Pyrifluquinazon, Pyrimid-
ifen, Pyrimisulfan, Pyriofenone, Pyroquilon, Quinoclamine, Saflufenacil, Sedaxane, Sethoxydim, Simazine, Spin-
etoram, Spinosad, Spirodiclofen, Sulfentrazone, Sulfoxaflor, Tebufenozide, Tebufloquin, Teflubenzuron,
Tepraloxydim, Terbufos, Terbuthylazine, Tetraniliprole, Thenylchlor, Thiabendazole, Thiacloprid, Thiame-
thoxam, Thiazopyr, Thidiazuron, Thiobencarb, Tiadinil, Tolfenpyrad, Triafamone, Triazamate, Tricyclazole,
Triflumuron, Triticonazole, Valifenalate, Vamidothion
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Table 3. Analytical condition of GC-MS/MS
Instrument GC-MS/MS
Column DB-5MS UI (0.25 mm % 30 m, 0.25 pm film thickness)
Injection volumn & mode 1.0 uL, splitless
Flow rate 1.5 mL/min
Inlet temperature 260°C
Rate (°C/min) Temperature (°C) Hold (min) Run (min)
Initial 60 0 0
Oven temperature
20 180 0 6
5 300 2 32
Transfer line 280°C
Source temperature 250°C
MSI1 Quad temperature 150°C
MS2 Quad temperature 150°C
Table 4. Analytical condition of LC-MS/MS
Instrument LC-MS/MS
Column Osaka Soda Capcell core C18
(90 A, 2.7 ym, 2.1 mm x 150 mm)
Injection volumn 2.0puL
Flow rate 0.2 mL/min
Column temperature 40°C
Curtain gas 25 psi
Gas 1 50 psi
Ion source Gas 2 55 psi
Temperature 425°C
Ion spray voltage 5500 eV
Mobile phase A:0.1% formic E.icid and 5 mM ammqnium acetate in water
B: 0.1% formic acid and 5 mM ammonium acetate in methanol
Time (min) A (%) B (%)
0 95.0 5.0
1.0 95.0 5.0
3.0 40.0 60.0
Gradient 13.0 0.0 100.0
18.0 0.0 100.0
18.1 95.0 5.0
25.0 95.0 5.0
R)Z 131 th. 7% 3 (Limit of Detection, LOD)S} & LOQ =105/ S

&S (Limit of Quantification, LOQ)= 74+ =743 23}

HpEro 2 ALkelginh. 3482 NIFDS(2016)9] 7Hol=
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Table 5. Linearity, LOD, LOQ and recovery of violated pesticide residues

Classification Pesticides Linea;rity Lob” LoQ” Recovery £ RSD" (%)
(R (mg/kg))  (mgkg) 0.01 mg/kg 0.1 mg/kg 0.5 mg/kg
Boscalid 0.9999 0.001 0.004 116.8+2.3 97.4+1.1 99.9+1.0
Carbendazim 0.9998 0.002 0.007 107.0+£6.8 78.7+4.4 92.4+3.6
Fungicide Cyprodinil 0.9999 0.001 0.001 88.6+2.0 96.0+1.3 993+1.3
Metconazole 0.9975 0.003 0.008 110.0+7.6 80.7+3.3 97.6+3.3
Pyraziflumid 0.9994 0.003 0.009 100.6 £9.7 83.7+52 96.8+3.3
Tebuconazole 0.9999 0.001 0.002 834+£15 975+1.8 100.3+£1.5
Buprofezin 0.9999 0.001 0.001 85.0+2.6 96.0+1.3 98.8+1.3
Cyflumetofen 0.9989 0.002 0.007 1182+1.9 87.1+1.1 108.6+1.9
Dimethoate 0.9993 0.002 0.006 102.0+4.6 92.0+6.0 106.6 £9.3
Imicyafos 0.9993 0.002 0.005 744+ 4.4 90.1+22 109.6 +3.1
Insecticide Omethoate 0.9991 0.003 0.008 110.8£2.6 94.6+2.8 89.4+45
Phenothrin 0.9996 0.003 0.010 108.1+3.1 87.0+1.5 97.6+2.5
Phorate 0.9996 0.003 0.009 109.7+2.5 822+1.6 93.5+6.3
Pyflubumide 0.9997 0.003 0.008 110.1+2.1 85.7+0.7 107.6£2.6
Pyridaben 0.9995 0.003 0.008 109.8+3.9 81.9+2.0 102.9+4.1
Herbicide Pendimethalin 0.9995 0.002 0.007 101.2+2.0 923+1.0 101.1+£2.3
YLimit of detection
®Limit of quantification
“Relative standard deviation
oF FEHmgkeyt 20219 =99 FEARE(KHIDI, 2022) Za 3

o] FAE dYHHAHHATARE o]&slo] YA
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Hazard Index (HI) = EDI / ADI
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Fig. 1. Production area. (A) composition ratio of vegetables by production area, (B) distribution map of production area.
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Table 6. Production area composition by vegetables
Stalk and Root and Fruitin Fruitin
Cultivation areas Subtotal veIgJ:; fgles stem F{:)r Zsiritslzsd tuber Vegetablgs, vegetables %)ther
vegetables vegetables ~ Cucurbits  than Cucurbits
Gwangju 298 125 68 10 23 24 48
Naju 88 45 18 2 8 6 9
Damyang 68 27 14 5 3 14
Hwasun 31 10 4 - 4 2 11
Jangseong 11 6 2 - 2 1 -
Jeollanam-do
Muan 10 - - 1 9 - -
Gwangyang 2 - - - - - 2
Gokseong - - - 1 - -
Hampyeong 1 - - 1 - - -
Jeollabuk-do Sunchang 1 - - - - -
Unknown 27 8 8 6 1 4
Total 538 221 114 19 59 37 88
(6871) 2] 3k 5.8%(3171) 54 &ollon, o]E 47) Table 7. Within laboratory method validation criteria

A|9o] 90.1%(48571)E AFASFATH(Fig. 1). TEgH AAA] W

ol AANE A9 RE QAT FFFIAE 7FoR
"7 50~100 km oY} o] AU FLg A= jellA] Akl

FAER(Fig. 1) 228F=2] 4ol
= ATH(Lee, 2019).

R3hEe Qo gl

A
(=]

M

P
=

PRS- 7IESs A% T AA F 2l
T2 A5 AASIItH(Table 5). 7 FFdwe] A

ARAFRY), HETHA(LOD), 28|32 4 F3HA (LOQy=
0.9975~0.9999, 0.001~0.003 mg/kg} 0.001~0.010 mgkg
oz goEglon, 3482 001 mgkgdllX 74.4~118.2%,
0.1 mg/kgollA] 83.4~103.1%, 22|32 0.5 mgkgllAl 89.4~109.6%
gttt 358 Heot AUA ol A} Table 79419 2ol
AEFTH AREF AW AT AAE TE
(NIFDS, 2023)°] 25 2353l

T 718"

=)
off' fou
ol

o B o
ik

Lif

X

oty o
-|—4 ra

}7)

_[\l

Table 8. Results of pesticide residues in vegetables by year

Concentration Arrange of average  Repeatability (%)
(mg/kg) recovery (7o) MFDS?  Codex
>1~<10 60~120 <32 <30
>10~<100 70~120 <22 <20
>100~<1000 70~110 <18 <15

“Ministry of Food and Drug Safety

Aas
=

S

A

o 2z
&

At Aot
2R A faF 53805t
340825 ZAKSItH(Table 8). AA| 2752
44.1%(2377)Z, QUEChERSH o] = 57] o]
A F8E Kim 5(2021)2] AFALC17d~19
A0 15.7%(31974 3 507 A=) B}l 2v) o) &
o= FgelFUt}. o] QUEChERSHC| E9)(MFDS, 2021)
OF B 7|1 AL o] 228F0l4 34050 STl

uE} 712l e AU ZHEA B A2 3759

=
o
75]

2l

oo 18 rlo 19

Total 2022 2023 2024
Category Sam-  Detec- Viola-  Sam- Detec- Viola-  Sam- Detec- Viola-  Sam- Detec- Viola-
ples?  tion®  tion®  ples?  tion®  tion®  ples?  tion”  tion®  ples’  tion”  tion?

Leafy vegetables 221  112(50.7) 9(4.1) 80  39(48.8) 4(5.0) 70 37(52.9) 4(5.7) 71 36(50.7) 1(1.4)
Stalk and stem vegetables 114 40(35.1) 4(3.5) 41 14(34.1) 2(4.9) 37 15(40.5) 2(5.4) 36 11(30.6) 0(0.0)
Flowerhead brassicas 19 1(5.3)  0(0.0) 5 0(0.0)  0(0.0) 7 0(0.0)  0(0.0) 7 1(14.3)  0(0.0)
Root and tuber vegetables 59 5(8.5)  1(1.7) 20 4(20.0) 0(0.0) 21 0(0.0)  0(0.0) 18 1(5.6) 1(5.6)
Fruiting vegetables, Cucurbits 37 17(45.9) 1(2.7) 13 2(15.4)  0(0.0) 15 9(60.0)  0(0.0) 9 6(66.7) 1(11.1)
Fruiting vegetables other than Cucurbits 88  62(70.5) 1(1.1) 27 18(66.7) 1(3.7) 32 23(71.9) 0(0.0) 29 21(72.4) 0(0.0)
Total 538 237(44.1) 16(3.0) 186  77(41.4) 7(3.8) 182 84(46.2) 6(3.3) 170  76(44.7) 3(1.8)

“Number of samples
YNumber of detection (detection rate %)
“Number of violation (violation rate %)
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129) F5AY 5 4 A AR5 AEEY 53.9%
(Lim et al,, 2024)Eth= W2 2102 SR1= ]t}

T ARS8 IES 2 B AAlE £ 1671(3.0%)
o7 My A Azel 20179-20199 37(0.9%) (Kim et
al,, 2021)%1 Az} Blaws) FAEo] 3u) o]} =9k, F5
A T 2 5 FAEE g FAHTE 1.7%(2049
1.0%, *219 1.4%, *22'3 2.8%)H.THE =UTHLim et al., 2024).
e 2 AFollMe B o] 2022~2024d 771(3.8%)
Rno=
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IRl A Muge o B AFelMEs BT 137(148)0 =
S7¥ete] §-A% A3k Z717F QuEChERSHe <] $F g3
o] AAE ASE FAFEATH(Table 9).

2t e A A28 da AAAY AaFe Arst A5 AV ¢
Wap7|E oy g Ao g At 9 Aseiieols FARES 28l gk o gl
Zwoke] s AEES Table 8o} 7o) 2022 ol ol ke #7|HA A T4 AHHY =
41.4%, 20239 46.2%, 2L 2024 44.7%= 40% ©)% gt A FHE] T FTIE £ T T F
o] AEES B, 202298 VE0RE 202497HA] &% oF ARGl Tk 14 JfAo] Fas A8 Zos AR
7kt 94 QUEChERSH =9 o]F(21d 10€~224 HtHAn et al., 2019).
Table 9. Risk assessment for violated pesticide residues in vegetables
; b) B)
Products Violated (i(i:;igi MRLs? Foi(r)l(tia(li;ﬂy (Il;jlg/lkg (ﬁllg)/i(g Hazarg PLS?
psticides o ke) (day)  bwiday)  bwiday)  ndex
Bok choy Cyflumetofen 0.30 0.01 0.19 8.54E-07 0.092 9.28E-06 PLS
Pyflubumide 0.04 0.01 0.19 1.14E-07 0.007 1.54E-05 PLS
Crown Daisy Pendimethalin 0.06 0.01 0.48 4.31E-07 0.130 3.32E-06 PLS
Lettuce Phorate 0.66 0.01 6.16 6.09E-05 0.001 8.70E-02 PLS
Lettuce Tebuconazole 0.51 0.05 6.16 4.71E-05 0.030 1.57E-03 PLS
Lettuce Imicyafos 0.04 0.01 6.16 3.69E-06 0.001 7.38E-03 PLS
Radish (leaves) Pyridaben 143 0.01 2.00 4.28E-05 0.005 8.57E-03 PLS
Radish (leaves) Phorate 0.85 0.05 2.00 2.55E-05 0.001 3.64E-02 -
Radish (leaves) Carbendazim 0.45 0.01 2.00 1.35E-05 0.030 4.49E-04 PLS
Spinach Phorate 0.52 0.01 6.23 4.85E-05 0.001 6.93E-02 PLS
Chinese chives Buprofezin 0.05 0.01 2.76 2.07E-06 0.009 2.30E-04 PLS
Sweet potato vines ~ Phenothrin 0.16 0.01 0.92 2.20E-06 0.070 3.15E-05 PLS
Water dropwort Pyraziflumid 0.04 0.01 1.04 6.23E-07 0.022 2.83E-05 PLS
. Dimethoate 0.08 0.05 10.77 1.29E-05 0.002 6.45E-03 -
Welsh onion
Omethoate 0.03 0.01 10.77 4.84E-06 0.000 1.61E-02 PLS
Carrot Metconazole 0.06 0.05 8.78 7.89E-06 0.040 1.97E-04 -
Cucumber Boscalid 0.07 0.03 15.05 1.58E-04 0.040 3.95E-03 -
Chilli pepper Cyprodinil 0.53 0.01 5.10 4.05E-05 0.030 1.35E-03 PLS

“Maximum Residue Limits
Y Acceptable daily intake

“Estimated daily intake = detected concentration (mg/kg) x food daily intake (g/day)/66.76 kg/1000

YEDI/ADI
9Positive List System
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Table 10. Results of detected/violated pesticide residues in vegetables
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~243) AAF AF7E 2070 oldel A, AR, Bk
o]¢] HjFelA=
AL, vt A FE 20229 (15.4%)2 A Q]sta 2023
(60.0%) 20243(66.7%)°] HEEC] FARIATE W,

A=
BAT

2 2ol AR &A% (Kim et al., 2023)7}
199 (Kwak

Aoz 34l

) No. of No. of No. of No.of  Pesticide
Products Production area detection  violation  pesticide  residue
Category samples (%) (%) residues  Index”
Total - 538 237(44.1)  16(3.0) 593 2.5
Sub total - 221 112(50.7) 9(4.1) 266 2.4
Lettuce(leaf) ﬁfggg&% gﬂgﬁ&rﬁ?;‘mg@’ Hwasun(3), 60 3151.7)  3(5.0) 87 28
Winter cabage Smog";‘ég)) Naju(12), Damyang(6), Hwasun(1), 39 2(564)  0(0.0) 49 22
Radish (leavs) JGa;Vganse%ﬁg(B Eﬁ{gﬁ&qggyﬂg@)’ Hwasun(1), 30 20(66.7)  3(10.0) 44 22
Spinach Gwangju(11), Naju(7), Jangseong(1) 19 7(36.8) 1(5.3) 8 1.1
Mustard leaf Gwangju(6), Damyang(2), Hwasun(2), Naju(1) 11 4(36.4) 0(0.0) 11 2.8
Squash leaves Naju(4), Gwangju(3), Unknown(1) 8 4(50.0) 0(0.0) 9 2.3
Crown Daisy Gwangju(5), Naju(2) 7 4(57.1)  1(14.3) 14 35
Bok choy Gwangju(4), Hwasun(2), Jangseong(1) 7 6(85.7) 1(14.3) 14 23
Leafy Kale Damyang(4), Gwangju(3) 7 4(57.1) 0(0.0) 10 2.5
vegetables  peri]la leaves Gwangju(4), Jangseong(1) 5 3(60.0)  0(0.0) 5 1.7
Chicory (leaves) Gwangju(3), Damyang(2) 5 1(20.0) 0(0.0) 2 2.0
Shepherd's purse Naju(3), Gwangju(1) 4 0(0.0) 0(0.0) 0 -
Butterbur Gwangju(3), Hwasun(1) 4 0(0.0) 0(0.0) 0 -
Lettuce (head) Gwangju(2), Naju(1), Damyang(1) 4 0(0.0) 0(0.0) 0 -
Rapeseed leaves Gwangju(2), Naju(1) 3 1(33.3) 0(0.0) 3 3.0
Chinese mallow Gwangju(1), Damyang(1) 2 1(50.0) 0(0.0) 1 1.0
Chwinamul Gwangju(2) 2 2(100) 0(0.0) 7 3.5
Mustard green Naju(1) 1 0(0.0) 0(0.0) 0 -
Chili pepper leaves ~ Gwangju(1) 1 1(100) 0(0.0) 1 1.0
Water spinach Gwangju(1) 1 0(0.0) 0(0.0) 0 -
Seasoned Pigweed =~ Gwangju(1) 1 1(100) 0(0.0) 1 1.0
Sub total - 114 40(35.1) 4(3.5) 70 1.8
Welsh onion gggggg?; gﬁggz;}l)(gl)nymgm’ Hwasun(3), 51 24(47.1)  12.0) 37 15
Chinese chives Gwangju(9), Naju(7), Damyang(4), Unknown(2) 22 8(36.4) 1(4.5) 14 1.8
Sweet potato vines 833??&‘5(1%) Naju(1), Damyang(1), Jangseong(1), 15 3200)  1(6.7) 4 13
Butterbur stem Gwangju(5), Damyang(1) 6 0(0.0) 0(0.0) 0 -
Stalk and stem ~ Water dropwort Gwangju(3), Naju(1), Unknown(1) 5 2(40.0) 1(20) 10 5.0
vegetables o barley leaf  Naju(2), Gwangju(1) 3 00.0)  0(0.0) 0 -
Green garlic Gwangju(3) 3 1(33.3) 0(0.0) 3 3.0
Wild chive Gwangju(2) 2 0(0.0) 0(0.0) 0 -
Celery Gwangju(1), Damyang(1) 2 2(100) 0(0.0) 2 1.0
Asparagus Gwangju(2) 2 0(0.0) 0(0.0) 0 -
Taro stem Gwangju(2) 2 0(0.0) 0(0.0) 0 -
Dureup Hwasun(1) 1 0(0.0) 0(0.0) 0 -
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No. of No. of No. of Pesticide

Products Production area sI:r?lh (l)efs detection  violation  pesticide residue
Category P (%) (%) residues Index”
Total - 538 237(44.1)  16(3.0) 593 2.5
Sub total 19 153)  0(0.0) 1 1.0
Flowerhead Cabbage Gwangju(7), Damyang(4), Naju(2), Muan(1), 15 16.7) 0(0.0) 1 1.0
brassicas Hampyeong(1)
Korean Cabbage Gwangju(3), Damyang(1) 4 0(0.0) 0(0.0) 0 -
Sub total 59 5(8.5) 1(1.7) 12 24
. Muan(8), Gwangju(7), Naju(4), Damyang(1),
Onion Hwasun(1), Sunchang(1), Unknown(3) 2 3(12.0) 0(0.0) 4 13
. Gwangju(8), Naju(2), Jangseong(2), Damyang (1),
Radish (root) Hwasun(1), Unknown(1) 15 0(0.0) 0(0.0) 0 -
Root and tuber Gwangju(5), Damyang(2), Naju(1),
vegetables  Carrot Gokseong (1), Hwasun(1), Unknown(1) 1 2(182) 10.) 8 40
Chinese bellflower Gwangju(1), Damyang(1), Unknown(1) 3 0(0.0) 0(0.0) 0 -
Garlic Gwangju(2), Muan(1) 3 0(0.0) 0(0.0) 0 -
Deodeok Naju(1) 1 0(0.0) 0(0.0) 0 -
Beet Hwasun(1) 1 0(0.0) 0(0.0) 0 -
Sub total 37 17(45.9) 12.7) 27 1.6
Cucumber Gwangju(13), Naju(3), Hwasun(1), Unknown(1) 18 12(66.7) 1(5.6) 21 1.8
Fruiting Squash ?wangju(l(i), Naju(3), Damyang(l), Hwasun(l), ¢ 5(31.3) 0(0.0) 6 12
vegetables, angseong(1)
Cucurbits  Nelon Damyang(1) 1 00.0)  0(0.0) 0 -
Bitter melon Damyang(1) 1 0(0.0) 0(0.0) 0 -
Korean melon Gwangju(1) 1 0(0.0) 0(0.0) 0 -
Sub total - 88 62(70.5) 1(1.1) 217 3.5
Chili pepper 8:&‘(%&*&% Damyang(6), Naju(3), Hwasun(l), 3 23767 133) 118 5.1
Fruiti . .
Veget;”b‘le‘:% ther Eggplant Gwangju(20), Naju(2), Damyang(2) 24 17(70.8)  0(0.0) 32 1.9
than Cucurbits Tomato Gwangju(10), Damyang(6), Hwasun(4), Naju(2), 23 12(52.2) 0(0.0) 30 25
Unknown(1)
Sweet pepper Hwasun(6), Gwangju(2), Gwangyang(2), 1 100909)  0(0.0) 37 37

Unknown (1)

“No. of pesticide residues/No. of detection

F= AZEo] 20224 20.0% FAT 202332 20224
Qs 747 BEAE 5.6%% S0, 2T9AFE 2024
AL ALslae AREeo] AZFEA] ol AEF T

¢

FUEH F SV F5 5 308 F50A
ofo] A==t 15 A A7 107 oSl #
IFHE, 9ol 90.9%= 7Y =& A2ES B,
I3F(76.7%), 71A(70.8%), 2-01(66.7%), F-(66.7%), A7
OHlF(56.4%), EFHE(52.2%), “35(51.7%), H(47.1%), ]
1(36.8%), 2H(36.4%), F-5(36.4%), ZHH(31.3%), 277}
%71(20.0%), F(18.2%), F7H(12.0%), FF(6.7%) &
ojAth. WA AR F(EelM = 1510 A F & 11
T AEHA stk o g HAAF A7 107 vl #F
52 3 VIR 2% 1435 337604 FHFEfo]l HEH
AL, HEEL 20.0~100.0%Z =4 e 284 o]&
Ar AF7E Hoj AjH oz HEEC] B4 et A3z
T, YA 197 F59 45700M = ARsofe] A&

5] A] 24 TH(Table 10).

= 73S HATH(Table 8). &EF
AAES AR, AT 4.1%00)02 P =
, SAAT 3.5%(47), 9t FHAF 2.7%(17), ZAF
1.7%(17), 2822 ¥k o]9] HAF 1.1%(171) oo,
AFAAFAME FAT ] AEHA LAt FAY FE52
A3, 4537, AAA, aF, 2], &7, 3, vy,
AlFA], F5, k7], 28a 9 5 16(12F )0 R
sRlE AT FA% AEH AhRe AEES 28 QAR
o} FAAFAAN =A FRI=EU=, o= F2 A5 717k
e AS TRIE AESHE A0 Qs Al 8 F AE

o sope] RAo] W, JHOR W), vy, a5
F7z70) SJs) A7 FUA ok HHT FsAe] 1]

wjFo]2l= X375 (Chio et al., 2004; Noh et al., 2011; Yi
et al., 2020)°4] 9} 7+ o2 FetEt) v TP 2



AEES H3Y g o9 #AF{= FAFEC] LI%E
o] AAH AFAAFE A9l 7P e A
ATH(Table 8).

g2 AAF 447 A2 iy (57), B34
(77), &2H(77) 5 3FES] FAEEC] 20.0%, 14.3%, 1
I 143%= 7P %o, 1 9 F5E2 BT A4 A
F7F 107 o)delaL, FAFES 2.0~10.0%= A=A
Th(Table 10). FAF AF7F /M B2 A7 & 44
oM FAS AAVE 47t 3R o= 7Y Bekont,
AA AAL A5 EESE Bol AUy v RAREHSY
10.0%, 735 5.0%) HAct vt ol9] HAAF 15
A 30749] AAE 7 2371004 1188]9] soke] A&
AZEEC] 76.7%= =%o, T 1700A] FA o] L3
33%2 FATES WAt 28y 23 1494 74 13
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Table 11. List of detected pesticide residues

3 5 7HE =4 ERIEAT ol TN IRE
H%=7t 7P =3tk A A+ (Kim et al, 2021)
9} FAFSFATE. Son 5(Son et al., 2023)9] wWEH
T Aol Blal] A5717ke] iAoz Zo] ¥
Y 7Fs/do] =3, skl = V]3] Fgk B
o7 Wi it} webs Fore PAMSTIE &
AT AR 913 A7 HSH Z2ed AoR %
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FoFo] AZHE FAME 2377004 94%9] HA
% 5933 AZEAY. AE WI=TF 103] ol A
TELE F 3483] AEHULH, 103]
n)vk A&H FHAAE-LS pyraclostrobin (93]) 5 77502
% 2453 ZAZHAH(Table 11). A& W=7t =& A9 17

T T A HEL 13%(dinotefuran, fluxametamide,
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dinotefuran 5 =5

No. of
detection

Pesticide residues (No. of detected products)

51 Dinotefuran (18)

37 Fluxametamide (11)

36 Thiamethoxam (13)

23 Azoxystrobin (15)

22 Pyridaben (7)

21 Flonicamid (12)

20 Chlorfenapyr (8)

19 Clothianidin (13)

17 Fluopyram (12)

16 Chlorantraniliprole (8)

14 Fluxapyroxad (8), Terbufos (7)
13 Cyantraniliprole (8)

12 Etofenprox (11), Fludioxonil (7)
11 Carbendazim (7)

10 Imidacloprid (6)

Pyraclostrobin (8), Pyridalyl (6), Sulfoxaflor (5), Tebuconazole (6), Tetraconazole (2)

Buprofezin (3), Hexaconazole (5), Indoxacarb (6), Pyrifluquinazon (4)

Emamectin benzoate (3), Propamocarb (5)

Acetamiprid (2), Cyflumetofen (4), Pendimethalin (4), Procymidone (4), Pydiflumetofen (4)
Cyazofamid (3), Diflubenzuron (3), Famoxadone (3), Imicyafos (3), Phorate (4), Spiromesifen (3)

9
8
7
6 Boscalid (5), Difenoconazole (4), Flubendiamide (4), Lufenuron (5), Mandipropamid (4)
5
4
3

Bifenthrin (3), Cyenopyrafen (3), Flupyradifurone (3), Metconazole (3), Phenothrin (2), Pyribencarb (3), Tebufenpyrad (2)
2 Chlorfluazuron (2), Chlorpyrifos (2), Cyprodinil (2), Deltamethrin (2), Fenitrothion (2), Flufenoxuron (2), Kresoxim-
methyl (2), Metaflumizone (2), Picarbutrazox (2), Tebupirimfos (1), Thiacloprid (2)

Amisulbrom, Cyflufenamid, Diazinon, Dichlorvos, Dimethoate, Diniconazole, Ethoprophos, Fenhexamid, Fenoxanil,
1 Fenpyrazamine, Fluazinam, Fluopicolide, Flusulfamide, Fosthiazate, Mefentrifluconazole, Metalaxyl, Metolachlor,
Omethoate, Penthiopyrad, Pyflubumide, Pyraziflumid, Teflubenzuron, Tefluthrin, Tetraniliprole, Thifluzamide, Triflox-

ystrobin, Triflumizole
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thiamethoxam, pyridaben, flonicamid, chlorfenapyr, clothianidin,
chlorantraniliprole, fluxapyroxad, cyantraniliprole, etofenprox,
fludioxonil, imidacloprid)°| 3L, A AT T 4%
(azoxystrobin, fluopyram, terbufos, carbendazim)S=Z 21
=t

TR F 7 wol 4EE dinotefuran BT 1870F
SollM 518325 93], AoluiF 73], 45 63], 2L 9] 15
5 293]) AE¥ 202 SIS Dinotefuran U9
U SE] 0] = (neonicotinoid) AlEe] HFA ASAZ A4
5 ZAdy Sl AREETHKwak et al., 2024). Y] LU ZE]
woluA AFAle A AFA ASAR ATl A
& 712 71914, Fheleto| EA, 28] 94 gl Ago|=
Al Qe S 711 sl disl &7 £a1, e
o] A7kl AA A= A s $eke 54
o] A= A5 wYoZ, 90dd] o] F FE ARSHIL GO
™ (Hwang et al, 2020; Kwak et al, 2024; Kim et al., 2024;
Lim et al., 2024), ¥ Ao X % dinotefuran(513]), thiame-
thoxam(36%]), chlothianidin(193]), imidacloprid(103]), aceta-
miprid(53]) <] FHIEEC] F 1213](204%) AEE =
T S HIFE AL o] w2 Al Al RIASH
e Ao® gRIET. 2o ' Bol AEE w8
< fluxametamide® 2 117 FZol|A 373](2F 103], A5
63], sl 3= 53], 1 9] 8F= 163]) A== Ut Fluxa-
metamide= ©]&AEE (isoxazoline) A€ FH 9] AFA| 2
y-aminobutyric acid (GABA)-gated chloride channels
(GABACIs) 285 Alsliate] ], Sade], 21=7], 2]
T T 250 =2 A 248 Hol=tl(Asahi et al.,
2018) & ATolM® 373] HEHo] sAEC] Bol AFH
= A0E RIS

T AFS87IES 2T TS T 165208 1
Z AZA] AEo] 9% (buprofezin, cyflumetofen, dimethoate,
imicyafos, omethoate, phenothrin, phorate, pyflubumide,
pyridaben), A=A AJE-©] 6% (boscalid, carbendazim, cyprodinil,
metconazole, pyraziflumid, tebuconazole), 2|3 A|ZA|
AJE-0] 1% (pendimethalin)! o2 1St}

Phorate(33] A% A& )= v IR 71ES "M &
o] 2 FOYTL LR FYolvt 7|Fo] A E ] lom,
FFek AlgAlME 71Ee] AgelA A & PLS 71+
/oI, Phorate= 71071 SHHER A ES
AFA ASAR Gy I =7]8 e ol s v
=5 WA Y8 ARE-=™ (Mahajan et al,, 2006), terbufos
Zol F2 FHEES A7) A Bl Hxdhs R

olg°] F&Eel FHRdted FAY AEHE A9 Bel
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7 AL AHHAEFAN 5 BAE 731 (Roca et
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SRR AaEoA YA Fx WAE S8l A
7 Wol(preemergence) 2H-2 e AlZA] AR (Swarcewicz
MK, Gregorczyk A, 2011)°]H, £ A-FoX = &7tolA
PLS 7|&S Z¥et] HEHUT

o] el Ao} o] FoF S GEARFTALYAE(PLS) =
YO ZHF5oF AAblAM FAF B S & 7ol uf
9 =obd ZolZaL Z F(Jin, 2018)2 2] B9} 7o)
Aol A= 16719] 5 183]9] FoHdwo] 7IES
I3l AZEUL, o] F 143]7} PLS 7158 245 A
SRIFALE. o5 o] FoF 2Re87]Fo] gl 4
A== R 24 A 2 E/F7F o
StaL A ake] A ek wstel] wht =87} FhebHA Aful
2ol A} =il Ok (Ahn et al., 2014), AAIH 7}
2|7} o} ALg- TEE FoF 77t Ao, FAE Al g ellA
el WAE Sl sk Abgo] dFE/HETeE B
Sl ARG 71E0] AEIAA] ot st E E oAHeS
3 9= A eltiJeong, 2017; Lee, 2013).
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& B phorate® SRIF ATt et 7, 79,
Y AR =F A AT =2 I SEE ¢
Z1 phorate”} ©o]5 FHIA F=2 FEIATE EQl o=
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il A2 AhETh(Kwak et al., 2024).
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2 % FFAY BAF=Am M Pt 53879 HaFE S E QUEChERS (Quick, Easy, Cheap, Effective,
Rugged, Safe) 'O & HA2e § LC-MS/MS GC-MS/MSE ]88l 340%<] #gors A8, 5oF 2
F8-871F(MRLYS 238 FA% 5o tigh fsid B7ke At AaFe F8 AAE F5AY
(55.4%)2.2 IRIFIY, AT AFEFF HAEES 202295F 202437H4] &F 571224 41.4%, 239 46.2%,
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W S5k AEES vty o]9] FAFT} 70.5%FATE 1.1%)= 7P B34, FAGES AT} 41%HEE
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