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Monitoring of Pesticide Residues in Dried and Frozen Fruits
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Abstract This study was conducted to investigate pesticide residues in dried and frozen fruits. A total of
40 dried fruit samples and 48 frozen fruit samples were purchased between December 2023 and October
2024 for analysis. The samples were analyzed using the multi-class pesticide multiresidue method of the
Korean Food Code. GC-MS/MS and LC-MS/MS were employed to detect 477 pesticide residues. As a result,
pesticide residues were detected in 27 of the 40 dried fruit samples (67.5%) and 28 out of 48 frozen fruit
samples (58.3%). In total, 46 pesticide residues were detected 225 times across all samples. However, none
of the samples exceeded maximum residue limits (MRLs). Pesticide residues were detected at levels of 0.02-
0.78 mg/kg in dried fruits, while levels of 0.01-1.50 mg/kg were discovered in frozen fruits. These detectable
levels of pesticide residues may be attributed to the concentration of residues during the drying process, and
extended persistence in frozen fruits. Therefore, separate MRLs are needed taking processing factors into
consideration. This study provides foundational data for ensuring the safety of dried and frozen fruits and

establishing MRLs.
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Table 1. List of samples analyzed for pesticide residues

Number of samples

Commodity
Total Dried fruits  Frozen fruits

Blueberry 20 10 10
Grape 18 10 8
Mango 20 10 10
Persimmon 20 10 10
Strawberry 10 - 10

Total 88 40 48

USA) AlES ARSI 59F 23999 843} o4

Bull= acetonitrile3} methanol (Merck, Darmstadt, Germany)
HPLCH &"lE ARSsislon, olsid &l ZAld=
ammonium formate (Sigma-Aldrich, Burlington, MA, USA)}
formic acid (ThermoFisher, Waltham, MA, USA)E A3}
At} Watere 2524~ #|Z74] Purelab Quest (ELGA LabWater,
Woodbridgem IL, USA)E ARE-3814] 182 MQ-cm@] H|A| &2
Zre ZErE ARSI ARsoF TR AIERA el AL
48 FE71E9 AAZ7|IEE CHROMALificAH(Heidenrod,
Germany) QUEChERS Extraction kit (ENK1-SC)2} QUEChERS

Dispersive kit (PM2EN)E AH&-8F T}

Ao 7. JFEoF A T 7.1.22 TR AIEH A2
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Table 2. List of pesticides analyzed by GC-MS/MS

Alachlor Chlorpyrifos Endosulfan Fluxapyroxad Parathion Pyrifenox
Aldrin & Dieldrin ~ Chlorpyrifos-methyl Endrin Fonofos Parathion-methyl Pyriftalid
Allidochlor Chlorthal-dimethyl EPN Formothion Penconazole Pyrimethanil
Ametryn Chlorthion Epoxiconazole Halfenprox Pendimethalin Pyriminobac-methyl
Anilofos Chlorthiophos EPTC Heptachlor Penflufen Quinalphos
Aramite Chlozolinate Etaconazole Heptenophos Pentachlorobenzonitrile  Quinoxyfen
Aspon Cinmethylin Ethalfluralin Hexythiazox Penthiopyrad Quintozene
Atrazine Clomazone Ethion Indanofan Pentoxazone Silafluofen
Azaconazole Coumaphos Ethofumesate Indoxacarb Permethrin Simeconazole
Benfluralin Cyanophos Ethoprophos Ipconazole Perthan Simetryn
Benfuresate Cyflufenamid Ethychlozate Iprobenfos Phenthoate Spiromesifen
Benodanil Cyhalofop-butyl Etoxazole Iprodione Phosphamidon Spiroxamine
Benzoylprop-ethyl  Cyprazine Etridiazole Isazofos Phosalone Sulfotep
BHC Cyprodinil Fenamidone Isofenphos Phosmet Tebuconazole
Lindane Deltamethrin Fenarimol Isofenphos-methyl Phthalide Tebufenpyrad
Bifenthrin Desmetryn Fenbuconazole Isoprocarb Picoxystrobin Tebupirimfos
Boscalid Dialifor Fenchlorphos Isopropalin Piperonyl butoxide Tecnazene
Bromobutide Diallate Fenclorim Isoprothiolane Pirimicarb Tefluthrin
Bromophos-methyl Diazinon Fenfuram Isopyrazam Pirimiphos-ethyl Terbacil
Bromophos-ethyl ~ Dichlobenil Fenitrothion Isotianil Pirimiphos-methyl Terbumeton
Bromopropylate Dichlofenthion Fenobucarb Isoxadifen-ethyl ~ Pretilachlor Terbutryn
Bupirimate Dichlormid Fenothiocarb Kresoxim-methyl  Prochloraz Tetrachlorvinphos
Buprofezin Diclobutrazol Fenoxanil Leptophos Procymidone Tetraconazole
Butachlor Diclofop-methyl Fenpropathrin Mefenpyr-diethyl ~ Prodiamine Tetradifon
Butafenacil Dicloran Fenpropimorph Mepanipyrim Profenofos Thifluzamide
Butralin Dicofol Fenpyrazamine Mepronil Profluralin Thiometon
Butylat Dicrotophos Fenson Metalaxyl Prohydrojasmon Thionazin
Cadusafos Diethatyl-ethyl Fenthion Methidathion Prometon Tolclofos-methyl
Carbophenothion ~ Diethofencarb Fipronil Methoprotryn Prometryn Triadimefon
Carboxin Difenoconazole Flamprop-isopropyl Methoxychlor Propachlor Tri-allate
Chlorbenside Diflufenican Fluacrypyrim Methyl trithion Propanil Triazophos
Chlorbufam Dimepiperate Fluazifop-butyl Metolachlor Propazine Tridiphane
Chlordane Dimethachlor Fluchloralin Metribuzin Propetamphos Trifloxystrobin
Chlorethoxyfos Dimethametryn Flucythrinate MGK-264 Propham Triflumizole
Chlorfenapyr Dimethenamid Fluensulfone Monolinuron Propiconazole Trifluralin
Chlorfenson Dimethomorph Flufenpyr-ethyl Myclobutanil Propisochlor Vinclozolin
Chlorflurenol-methyl Dimethylvinphos ~ Flumetralin Nitrothal-isopropyl ~ Propyzamide Zoxamide
Chlornitrofen Diniconazole Flumioxazin Nonachlor Prothiofos

Chlorobenzilate Dinitramine Fluopyram Nuarimol Pyracarbolid

Chloropropylate Dioxathion Fluorochloridone ~ Oxadiazon Pyraclofos

Chloroneb Diphenamid Fluquinconazole Oxadixyl Pyraflufen-ethyl

Chlorothalonil Diphenylamine Flusilazole Oxyfluorfen Pyrazophos

Chlorpropham Dithiopyr Flutianil Paclobutrazol Pyridalyl
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Table 3. List of pesticides analyzed by LC-MS/MS

Acephate Cyflumetofen Fluxametamide Nitenpyram Pyrimisulfan
Acetamiprid Cymoxanil Fomesafen Norea Pyriofenone
Aldicarb Cyproconazole Forchlorfenuron Norflurazon Pyroquilon
Allethrin Daimuron Fosthiazate Novaluron Quinoclamine
Ametoctradin Demeton Hexaconazole Ofurace Saflufenacil
Amisulbrom Demeton-S-methyl Hexaflumuron Omethoate Secbumeton
Azamethiphos Demeton-S-methyl-sulfone Hexazinone Orysastrobin Sedaxane
Azinphos-methyl Dichlorvos Imazalil Oryzalin Sethoxydim
Azoxystrobin Diclosulam Imibenconazole Oxadiargyl Simazine
Benalaxyl Diflubenzuron Imicyafos Oxamyl Spinetoram
Bendiocarb Dimethoate Imidacloprid Oxathiapiprolin Spinosyn
Bensulide Dinotefuran Inabenfide Oxaziclomefone Spirodiclofen
Benthiavalicarb-isopropyl ~ Diuron Ipfencarbazone Oxycarboxin Spirotetramat
Benzobicyclon Dodine Iprovalicarb Oxydemeton-methyl Sulfentrazone
Benzoximate Emamectin Bla Isoproturon Pebulate Sulfoxaflor
Benzyladenine Esprocarb Isoxaben Pencycuron Sulprofos
Bistrifluron Ethaboxam Isoxathion Penoxsulam Tebufenozide
Bixafen Ethiofencarb Lenacil Phenmedipham Tebufloquin
Bromacil Etofenprox Linuron Phenothrin Tebuthiuron
Butocarboxim Etrimfos Lufenuron Phorate Teflubenzuron
Cafenstrole Famoxadone Malaoxon Phosfolan Tepraloxydim
Carbaryl Fenamiphos Malathion Phoxim Terbufos
Carbendazim Fenazaquin Mandestrobin Picarbutrazox Terbuthylazine
Carbetamide Fenhexamid Mandipropamid Picolinafen Tetraniliprole
Carpropamide Fenoxaprop-ethyl Mecarbam Piperophos Thenylchlor
Chlorantraniliprole Fenoxycarb Mefenacet Probenazole Thiabendazole
Chlorfenvinphos Fenpyroximate Mefentrifluconazole Promecarb Thiacloprid
Chlorfluazuron Fensulfothion Mephosfolan Propamocarb Thiamethoxam
Chloridazone Fentrazamide Metaflumizone Propoxur Thiazopyr
Chlorobenzuron Ferimzone Metamifop Proquinazid Thidiazuron
Chlorotoluron Flonicamid Metamitron Prosulfocarb Thiobencarb
Chloroxuron Fluazinam Metconazole Pydiflumetofen Tiadinil
Chromafenozide Flubendiamide Methabenzthiazuron Pyflubumide Tolfenpyrad
Clofentezine Fludioxonil Methamidophos Pyraclonil Triafamone
Clomeprop Flufenacet Methiocarb Pyraclostrobin Triazamate
Clothianidin Flufenoxuron Methomyl Pyraziflumid Tribufos
Crotoxyphos Fluometuron Methoxyfenozide Pyrazolate Tricyclazole
Crufomate Fluopicolide Metobromuron Pyrazoxyfen Triflumuron
Cyanazine Flupoxam Metolcarb Pyribencarb Trimethacarb
Cyantraniliprole Flupyradifurone Metominostrobin Pyribenzoxim Triticonazole
Cyazofamid Fluridone Metrafenone Pyributicarb Valifenalate
Cyclaniliprole Flusulfamide Mevinphos Pyridaben Uniconazole
Cycloate Fluthiacet-methyl Monocrotophos Pyridaphenthion Vamidothion
Cycloprothrin Flutolanil Napropamide Pyrifluquinazon Vernolate
Cyenopyrafen Flutriafol Neburon Pyrimidifen XMC
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Table 4. Analytical conditions of GC-MS/MS
Instrument GC-MS/MS (Agilent 8890 GC, 7010B TQ)
Column DB-5MS UI (30 m x 0.25 mm x 0.25 um)
Carrier gas He (1.2 mL/min)
Inlet temp. 260°C
Oven temp. 60°C(1 min) — 30°C/min — 180°C(0 min) — 5°C/min — 290°C(0 min) — 20°C/min — 310°C(2 min)
Detector temp. Ion source 260°C
Quadrupole 150°C
Ionzation mode Electron ionization (EI)
Table 5. Analytical conditions of LC-MS/MS
Instrument LC-MS/MS (Waters ACQUITY UPLC I-Class PLUS, Xevo TQ-S micro)
Column CORTECS UPLC C18+ 1.6 um(2.1x100 mm), Temperature: 40°C
Flow rate 0.2 mL/min
Mobile phase A: 0.1% formic acid, 5 mM ammonium formate in water
p B: 0.1% formic acid, 5 mM ammonium formate in methanol
Injection volume 2 ulL
Gradient Time (min) A (%) B (%)
0.0 95 5
0.65 95 5
2.0 60 40
8.0 30 70
11.0 20 80
15.0 0 100
17.0 0 100
19.0 95 5
Collision gas N,
lonization mode Electrospray ionization (ESI), Positive 3,000 V
Electrospray ionization (ESI), Negative 3,000 V
5% MRSBIIE HE ol gsto] FrtEizel w2k SASAT Al 1 g&
AP ZEEAES Ha ) o] FHskol Lol gs] o} 105°Coll dxste] Ao Ax A FA9 A
peak T2 7} FFEg] g A=sIglon, Ao WA za] s B AAG F A AolE o]&ate] Al
WS Aol thdsted A FSIATHNIFDS, 2023). A ZFaksiet
J7vol]l & oo )3 sl9 7=
A G i A 6O SROSTIEMIDS w00 = 6 -0/ (6 - 0) x 100
3] 3| = S o -
2?24b 48 oP?_U% PLsoﬂ w}a} Rk EEOH 3t 7150l a: ;g%kzd)\],] ZA(2)
° AHaszle T J 4 1= _
FORS i ol 3 e 2 e 2% F AT A2 ()
Sl A% T 7]* | Z8&st9em, 4w A i . i
e AV LAY Y HRE B ¥ AR Aze q  OSNRS PRUE WD il AL okl
g3}, 2A710] 001 mg/kg njuk] Ao AZ AL 2ol Axtsisith :1”1 Azx8 A o] AT A5
28 ']—EJ: =AsF & o Z )] H
zé Eo};:l_ﬁ]oﬂ U}g}_ %7.] zi ;q‘j/] o} E}‘(MFDS, 2024b) 7d§— ;ﬂ. RN ° = _1?@6;1— T ?ﬂi‘——*-iu %7]'—‘3}—\_ "]IW/%]T}:‘Z—
(RDA, 2021yl 714 =]e] & AT EFS A8kt
UZABY +8 =Y FERA PEY = BB x (10AAFLTH%)) /
A ] RS -S4 71(MX-50, A&D, Tokyo, Japan)s (100-AZFEFH (%))



Table 6. Correlation coefficients, recovery rates, LODs and LOQs of detected pesticides
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Instrument Pesticide Correlation coefficient Recovery = RSD” LOD" LOQ®
(R (%) (mg/kg) (mg/kg)
Bifenthrin 0.998 85.0+£3.1 0.0029 0.0088
Boscalid 0.995 96.0+1.4 0.0004 0.0011
Buprofezin 0.998 78.0+1.3 0.0030 0.0092
Cyprodinil 0.996 94.9+6.3 0.0013 0.0040
Difenoconazole 0.999 99.2+1.5 0.0012 0.0037
Fenpropathrin 0.999 100.2+4.0 0.0017 0.0052
Fluopyram 0.999 110.5+7.0 0.0006 0.0018
Fluxapyroxad 0.998 91.3+0.8 0.0007 0.0021
Iprodione 0.999 98.3+4.8 0.0004 0.0013
GC-MS/MS Metalaxyl 0.999 81.7£2.8 0.0028 0.0085
Permethrin 0.999 110.7+4.8 0.0019 0.0057
Phosmet 0.994 101.3+1.5 0.0005 0.0014
Procymidone 0.997 83.3+4.2 0.0010 0.0030
Pyrimethanil 0.999 102.3£0.6 0.0007 0.0021
Quinoxyfen 0.994 92.7+3.3 0.0011 0.0034
Spiromesifen 0.997 104.842.6 0.0007 0.0022
Tebuconazole 0.995 116.0£6.0 0.0029 0.0088
Tetraconazole 0.997 81.3+4.0 0.0017 0.0053
Trifloxystrobin 0.998 95.3£34 0.0003 0.0008
Acetamiprid 0.999 119.1+£14 0.0012 0.0036
Ametoctradin 0.998 100.8+2.7 0.0005 0.0015
Azoxystrobin 0.998 98.24+4.4 0.0014 0.0041
Carbendazim 0.999 97.0+7.8 0.0023 0.0070
Chlorantraniliprole 0.999 100.4+5.1 0.0026 0.0079
Cyantraniliprole 0.998 94.84+5.9 0.0024 0.0073
Dinotefuran 0.999 93.34+0.6 0.0006 0.0018
Ethaboxam 0.999 100.0+1.7 0.0008 0.0024
Famoxadone 0.999 100.0+8.7 0.0019 0.0058
Fenhexamid 0.999 95.8+1.0 0.0011 0.0034
Flonicamid 0.999 83.7+1.8 0.0007 0.0020
Flubendiamide 0.996 94.2+1.5 0.0009 0.0027
Fludioxonil 0.998 97.6+4.5 0.0026 0.0078
LC-MS/MS Imidacloprid 0.999 117.4+1.8 0.0024 0.0074
Iprovalicarb 0.999 102.745.5 0.0032 0.0097
Lufenuron 0.999 108.3+1.9 0.0009 0.0027
Mefentrifluconazole 0.999 97.7+6.7 0.0011 0.0033
Methoxyfenozide 0.999 74.6+5.3 0.0016 0.0049
Metrafenone 0.999 101.743.5 0.0017 0.0052
Novaluron 0.997 106.1+4.7 0.0028 0.0085
Propamocarb 0.999 97.3+1.2 0.0006 0.0017
Pydiflumetofen 0.999 97.1£1.1 0.0013 0.0038
Pyraclostrobin 0.999 89.5£5.5 0.0021 0.0063
Pyraziflumid 0.999 96.3+2.6 0.0001 0.0004
Sulfoxaflor 0.996 104.745.3 0.0009 0.0026
Tetraniliprole 0.998 101.743.7 0.0027 0.0081
Thiamethoxam 0.997 105.3£2.4 0.0009 0.0028

“Relative standard deviation

YLimit of detection

9Limit of quantification
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Table 7. Detection rate of pesticide residues in samples

Detection rate

8: The standard deviation of the response Commodity __(No- of detected samples/No. of samples)
S: The slope of the calibration curve Total Dried fruits  Frozen fruits
Blueberry  95.0% (19/20) 100.0% (10/10) 90.0% (9/10)
.7=_:| jl_l. al 71 J-é!- Grape 94.4% (17/18) 100.0% (10/10) 87.5% (7/8)
Mango 0.0% (0/20) 0.0% (0/10)  0.0% (0/10)
S5M HZ Persimmon  75.0% (15/20)  70.0% (7/10)  80.0% (8/10)
B oM AZHE 4622 A5k s $aA AZS Strawberry  40.0% (4/10) - 40.0% (4/10)
Ao A= Table 65 2t} Ao AR Total  62.5% (55/88) 67.5% (27/40) 58.3% (28/48)
Table 8. Levels of pesticide residues detected in dried and frozen blueberries
Number of detections Detection range (mg/kg)
Pesticide Total Drided Frozen . MR}ka)
(n"=19) (n=15) (n=14) Drided Frozen (mg/kg)
Acetamiprid 2 1 1 0.02 0.01 0.5
Azoxystrobin 3 2 1 0.03~0.04 0.17 7.0
Bifenthrin 11 6 5 0.02~0.44 0.02~0.18 1.8
Boscalid 10 9 1 0.03~0.28 1.50 10
Chlorantraniliprole 2 ND? 2 ND 0.01~0.02 1.0
Cyantraniliprole 2 ND 2 ND 0.04~0.06 4.0
Cyprodinil 11 8 3 0.02~0.10 0.02~0.06 4.0
Fenhexamid 1 ND 1 ND 0.06 5.0
Fenpropathrin 4 2 2 0.02~0.23 0.34~0.40 3.0
Fludioxonil 13 8 5 0.02~0.04 0.02~0.14 2.0
Fluopyram 5 3 2 0.02~0.06 0.02~0.05 6.0
Imidacloprid 3 1 2 0.03 0.02~0.02 4.0
Iprodione 1 1 ND 0.08 ND 10
Mefentrifluconazole 1 1 ND 0.02 ND 5.0
Methoxyfenozide 1 1 ND 0.03 ND 3.0
Novaluron 2 2 ND 0.06~0.08 ND 7.0
Phosmet 2 1 1 0.26 0.04 10
Pyraclostrobin 1 ND 1 ND 0.08 4.0
Pyrimethanil 4 4 ND 0.02~0.03 ND 8.0
Total 79 50 29 -

“Number of detected pesticides
YMaximum residue limits
“Not detected
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oA 58.3%(287/407)Z, 7AZ FLFAA AZEE] ¢
Lﬂ?b#(Table 7).

EFlglelx 1959 dfFsofo] 793 AEHUTh 2 5

EFH| oA 1559] Fefo] 503 HEHNoH, bosca11d7}
9ﬂi 71§ %ol AEEAck(Table 8). AEFH ]9 7
oF AZ %S 0.02-0.44 mgkeolSloH, TEEHS A O}M*‘
o 0.003-0.07 mg/kgl & ZAastsith. WEEFu A=
1429 AF5oko] 298] AZE UL, bifenthrin fludioxonil
o] 717} 5312 71§ Bol AEHUY. WsaFHE e IR
5 A& 001-1.50 mgkgo]SH, boscalid”} 1.50 mgkg
o7 7P =& FEE A& Boscalide carboxamide
AGe AFAR HAM A4S JAls B
A Al RS vES oy WS dwslr] TloH AHE-
Elu}(Ali et al.,, 2019).

FEEOA 33*4 Hseke] 943 AEEHNoH, 2 F
{h ool 583] AZE|ATh(Table 9).
AXE] 7&%%91 u%% 0.02-0.78 mg/kgelom,

0
[e]

]

o rlo

,d
B
S~

23S 003-0.16 mg/kgo] ATk, AEENA
ZHF818710] AalA YA %2 fenpropathrin®] 0.03 mgkg
AZEJOY, 7S B3 32 0.01 mgkg ©l3=
PLS 7|EAodl= Agsidtt. Ax=ox AEdE 59 F
fluxapyroxad= 7125 71F 5.7 mgkg, L= 715 2.0 mgkg
oz HAEo] QoW tebuconazoleE AFEEL} TEoA
Z}z} 6.0 mg/kg?t 5.0 mgkgl ® AAE o] T} 2]Eook
FA oA A TAFe] 71 9 4 5 (MFDS, 2024b)
o| A= carbofuran, captan, fluxapyroxad, spirotetramat,
tebuconazole 52| &<l s vk Ziilw:— e e

*47‘4'5}5’- ‘01 = °4:rL éﬂr"ﬂ*ﬂ Hed "441‘%%9] T

»g%igrﬂm 21£°l %PEMM 363] HAZEAoH,
2352 &3S 0.0140.77 mgkge] ATt 2 % pyrimethanilo]
0.76 mg/kg AEE AF YHLERY 30704 e] A
AEo)PoH, pyrimethanilS XgsH 759 HFEeol
0.01-0.76 mgkg 702 AEHAT WA o3 7|7He3t
WE 2xoA AZE AFoAE soFo] &3] wa=A]

SN 259

K 47k 659 st 1794 PR
W] wE xpolE HolA| ¢kokth(Table 10). 37tellA]
AZEHE %] FFHE 0.02-0.33 mg/kgo]oio‘l] g

123](60.0%) A==} Dmotefuran% neonicotinoid A|E
AZAR AU ARG AE Asllete] AHFAS Uo7
H5EA o] =thSong et al., 2022). ©|Z 213l HIE A Ak
Z e Aol 2Rsi, 53] Az Aol 7
FLrE 5o HETFo] 57k 4] Ark(Shin et
al, 2020). "A1F9] 7| B 4 olXe SRkl the e
7]2,‘—01 /HX%QO} Ae T o] oiob]' S e
3 o Az Fol= 2
& Ak wEbA 23] 7 g ok

2}

Mo 7% 440] 2

\11

719 AAIA 1589] FREekel
2 0.01-0.04 mgkgo|ATHTable 11).
A5Eee] 7P “‘Ol AEE AN e 859 15kl

Ao AZE 2™, fludioxonilo] 0.04 mgkgl 2 7H
2 TR ASHUh g BN ARs187IEe] Al
A 28 permethrin®] AZH Y, PLS 7123 001 mgkg
£ ZHsA = okt

Aol YsyroMe A 0.01 mgkg ©173<]
Agieoko] AZH A eght} dEinako] A3 Az
AT PP A wER, AL ) AlF BFlA
x}%lggko] 74ZQ;<] ¢rol B Ao} =3t 738]:& _H;_(}j\\:}
(KCA, 2021). ¥Hd W5 7o) Pdde|zA M= W
AL 107 5 67dolA tHRseo]l HEENCH, o] F 470
AFEE =Y AFoId PLS 7|52 A8 75 FAFeR

T BISHCHKCA, 2016). Wb 2 Q7]
3 AREF A% Aok tha e S nar
HAF AETMA ] AFFeF BN A AA Az A
E

ool 1253], %E Fdel = 3580
01]*1 33%0] 943

Hel X Asete] AEEH 7&%%%1 o %%QU% : 1%
Az A F vgez ARE wofol AFIA T o)
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Table 9. Levels of pesticide residues detected in dried and frozen grapes

ERE

Number of detections Detection range (mg/kg) .
Pesticide Total Drided Frozen . MRLs”
(n=33) (n=26) (n=21) Drided Frozen (mg/kg)
Acetamiprid 3 1 2 0.18 0.01~0.10 1.0
Ametoctradin 2 1 1 0.27 0.17 5.0
Boscalid 9 7 2 0.02~0.13 0.01~0.77 5.0
Buprofezin 1 1 ND? 0.03 ND 2.0
Carbendazim 3 2 1 0.02~0.06 0.03 3.0
Chlorantraniliprole 1 ND 1 ND 0.01 2.0
Cyprodinil 8 4 4 0.03~0.70 0.02~0.54 5.0
Difenoconazole 2 2 ND 0.02~0.03 ND 1.0
Dinotefuran 3 ND 3 ND 0.02~0.12 5.0
Ethaboxam 1 ND 1 ND 0.05 3.0
Famoxadone 1 ND 1 ND 0.01 2.0
Fenhexamid 5 3 2 0.03~0.06 0.07~0.26 3.0
Fenpropathrin 1 1 ND 0.03 ND 0.01(PLSY)
Flubendiamide 1 ND 1 ND 0.04 1.0
Fludioxonil 5 2 3 0.06~0.11 0.03~0.10 5.0
Fluopyram 7 5 2 0.05~0.20 0.02~0.09 5.0
Fluxapyroxad 2 2 ND 0.03~0.05 ND 5.79,2.00
Imidacloprid 1 1 ND 0.04 ND 1.0
Iprovalicarb 1 1 ND 0.02 ND 2.0
Mefentrifluconazole 1 1 ND 0.05 ND 2.0
Metalaxyl 1 1 ND 0.33 ND 1.0
Methoxyfenozide 3 3 ND 0.02~0.22 ND 2.0
Metrafenone 1 1 ND 0.22 ND 5.0
Propamocarb 1 ND 1 ND 0.02 2.0
Pydiflumetofen 2 1 1 0.10 0.02 1.5
Pyraclostrobin 8 6 2 0.02~0.09 0.01 3.0
Pyrimethanil 5 3 2 0.02~0.78 0.07~0.76 5.0
Quinoxyfen 2 2 ND 0.02~0.03 ND 2.0
Sulfoxaflor 2 1 1 0.34 0.05 2.0
Tebuconazole 5 4 1 0.03~0.16 0.06 6.09, 5.0
Tetraniliprole 2 ND 2 ND 0.01~0.02 1.5
Tetraconazole 1 1 ND 0.02 ND 2.0
Trifloxystrobin 3 1 2 0.06 0.01~0.03 3.0
Total 94 58 36 -

“Number of detected pesticides

YMaximum residue limits

“Not detected

DPostive list system

9MRL for dried grapes

"MRL for grapes

717 A7 7sAlo]l =O HEE(Yigit and Velioglu, 2020), Nesof SRY HEsE

Aokl e ASAe UEY 9 a4 Bk B A4 8ol BAE 47750 RSt 3 46%e

st sofo] % 2253 AZHUTE A FFEVAA ] BFE
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Table 10. Levels of pesticide residues detected in dried and frozen persimmons

Number of detections

Detection range (mg/kg)

Pesticide Total Drided F MRLs"
ota ride rozen . (mg/kg)
(n"=7) (n=6) (n=6) Drided Frozen
Acetamiprid 4 3 1 0.03~0.04 0.02 0.3
Boscalid 1 1 ND? 0.02 ND 1.0
Buprofezin 6 3 3 0.02~0.03 0.02~0.04 0.5
Carbendazim 5 1 4 0.05 0.03~0.05 3.0
Dinotefuran 12 7 5 0.03~0.20 0.02~0.04 0.5
Tebuconazole 4 2 2 0.07~0.33 0.01~0.02 2.0
Thiamethoxam 2 ND 2 ND 0.01~0.02 0.5
Total 34 17 17 -

“Number of detected pesticides
YMaximum residue limits
“Not detected

Table 11. Levels of pesticide residues detected in frozen
strawberries

Pesticide Number of  Detectionrange MRLs”
(n”=15) detections (mg/kg) (mg/kg)
Acetamiprid 1 0.03 1.0
Azoxystrobin 1 0.02 1.0
Boscalid 1 0.02 5.0
Carbendazim 1 0.01 2.0
Dinotefuran 1 0.01 3.0
Flonicamid 1 0.02 1.0
Fludioxonil 2 0.01~0.04 2.0
Imidacloprid 1 0.02 0.4
Lufenuron 1 0.01 0.5
Permethrin 1 0.01 0.01(PLS?)
Procymidone 2 0.02~0.03 10.0
Pyraziflumid 1 0.02 2.0
Pyrimethanil 1 0.06 3.0
Spiromesifen 1 0.01 2.0
Sulfoxaflor 2 0.01~0.02 0.5
Total 18 -

“Number of detected pesticides

YMaximum residue limits

9Postive list system

AAHE(MFDS, 2024c)8 st AEd 54 $&0

e} 2

BEsl, A 2780 1458](58.7%), A 19%0)

803](41.3%) AZE|ATHTable 13). ©] F AR A=
boscalid(213]), fludioxonil(208]), cyprodinil(193])°] 7}

tﬂ-o]

?Q»}\——Eq E3] &

Tl

FEEl|A

wEgos

Az= A7 Aol NHEA AHEEE o=
e, 222 dinotefuran(163]), fluopyram(123]),

Table 12. Number of detected pesticide residues in samples

No. of detected pesticides

Commodity (No. of pesticide detections)
Total Dried fruits ~ Frozen fruits

Blueberry 19 (79) 15 (50) 14 (29)
Grape 33(94) 26 (58) 21 (36)
Mango 0(0) 0(0) 0(0)

Persimmon 7 (34) 6(17) 6(17)
Strawberry 15 (18) - 15 (18)

Total 46 (225) 32 (125) 35(100)

Bifenthrin(1138]) <22 ZZ&% 31t} Dinotefurans 7ol A
128] A&E oM, bifenthrin 1138] 25 E-Fu|g] oA Tt
7%=t} Dinotefuran¥}t bifenthrin® A2 ARE-EH
AR el =2 HE5ES Hol tE A5 B3|
WA @37t gHojd Ae® B th(Lee et al, 2015;
Park et al, 2021). =R 7= 73 EFH2] Apjolr] 2AYs}
= F2 3% F SHZ(Lim et al., 2014; Lim et al., 2016)
Wz oS Sl Aol 3 ARSEE AR drkd
th 2 AFoA AEdE e ulFE shte] AACA
2% ool sl AZE AU Zﬂ:ﬁEOﬂ/ﬂ“ Ho 115, A
ERHEloMe At 105¢] Fofo] Sl AEEAT o=
A= A Al B s tgs WEElE Al BAls]
Sl ARt A E EFeAY EJA TS AMEseE
%71 B7] wliZo]th(Yang et al. 2017)
B A RALE Sate] g fre S 1A% 9 UE Y
A ke TR ARkl 7425]"1?% skelatict.
At YF Fd2 A F8E AXA &AL vi=E A
ke 497t Bol AlFe] At dAlAFE HAS A7t

:\ir_\lié
LN
_ﬁJ_‘

(¢
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Table 13. Detection frequency of pesticide residues by pesticide type

(B - AR BRL - HdE

Commodity (No. of detections)

Pesticide type Pesticides Total
Blueberry Grape Persimmon Strawberry
Ametoctradin ND? 2 ND ND 2
Azoxystrobin 3 ND ND 1 4
Boscalid 10 9 1 1 21
Carbendazim ND 3 5 1 9
Cyprodinil 11 8 ND ND 19
Difenoconazole ND 2 ND ND 2
Ethaboxam ND 1 ND ND 1
Famoxadone ND 1 ND ND 1
Fenhexamid 1 5 ND ND 6
Fludioxonil 13 5 ND 2 20
Fluopyram 5 7 ND ND 12
Fluxapyroxad ND 2 ND ND 2
Iprodione 1 ND ND ND 1
Fungicide Iprovalicarb ND 1 ND ND 1
27 Mefentrifluconazole 1 1 ND ND 2
Metalaxyl ND 1 ND ND 1
Metrafenone ND 1 ND ND 1
Procymidone ND ND ND 2 2
Propamocarb ND 1 ND ND 1
Pydiflumetofen ND 2 ND ND 2
Pyraclostrobin 1 8 ND ND 9
Pyraziflumid ND ND ND 1 1
Pyrimethanil 4 5 ND 1 10
Quinoxyfen ND 2 ND ND 2
Tebuconazole ND 5 4 ND 9
Tetraconazole ND 1 ND ND 1
Trifloxystrobin ND 3 ND ND 3
Subtotal 50 76 10 9 145
Acetamiprid 2 3 4 1 10
Bifenthrin 11 ND ND ND 11
Buprofezin ND 1 6 ND 7
Chlorantraniliprole 2 1 ND ND 3
Cyantraniliprole 2 ND ND ND 2
Dinotefuran ND 3 12 1 16
Fenpropathrin 4 1 ND ND 5
Flonicamid ND ND ND 1 1
Flubendiamide ND 1 ND ND 1
Insecticide Imidacloprid 3 1 ND 1 5
(19) Lufenuron ND ND ND 1 1
Methoxyfenozide 1 3 ND ND 4
Novaluron ND ND ND ND 2
Permethrin ND ND ND 1 1
Phosmet 2 ND ND ND 2
Spiromesifen ND ND ND 1 1
Sulfoxaflor ND 2 ND 2 4
Tetraniliprole ND 2 ND ND 2
Thiamethoxam ND ND 2 ND 2
Subtotal 29 18 24 9 80
Total 79 94 34 18 225

Not detected
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Table 13. Detection frequency of pesticide residues by pesticide type
Commodity (No. of detections)
Pesticide type Pesticides Total
Blueberry Grape Persimmon Strawberry

Ametoctradin ND? 2 ND ND 2

Azoxystrobin 3 ND ND 1 4

Boscalid 10 9 1 1 21

Carbendazim ND 3 5 1 9

Cyprodinil 11 8 ND ND 19
Difenoconazole ND 2 ND ND 2

Ethaboxam ND 1 ND ND 1

Famoxadone ND 1 ND ND 1

Fenhexamid 1 5 ND ND 6

Fludioxonil 13 5 ND 2 20

Fluopyram 5 7 ND ND 12

Fluxapyroxad ND 2 ND ND 2

Iprodione 1 ND ND ND 1

Fungicide Iprovalicarb ND 1 ND ND 1
27) Mefentrifluconazole 1 1 ND ND 2
Metalaxyl ND 1 ND ND 1
Metrafenone ND 1 ND ND 1

Procymidone ND ND ND 2 2
Propamocarb ND 1 ND ND 1
Pydiflumetofen ND 2 ND ND 2

Pyraclostrobin 1 8 ND ND 9
Pyraziflumid ND ND ND 1 1

Pyrimethanil 4 5 ND 1 10

Quinoxyfen ND 2 ND ND 2

Tebuconazole ND 5 4 ND 9
Tetraconazole ND 1 ND ND 1
Trifloxystrobin ND 3 ND ND 3

Subtotal 50 76 10 9 145

Acetamiprid 2 3 4 1 10

Bifenthrin 11 ND ND ND 11

Buprofezin ND 1 6 ND 7
Chlorantraniliprole 2 1 ND ND 3
Cyantraniliprole 2 ND ND ND 2

Dinotefuran ND 3 12 1 16

Fenpropathrin 4 1 ND ND 5
Flonicamid ND ND ND 1 1
Flubendiamide ND 1 ND ND 1

Insecticide Imidacloprid 3 1 ND 1 5
(19) Lufenuron ND ND ND 1 1
Methoxyfenozide 1 3 ND ND 4

Novaluron ND ND ND ND 2
Permethrin ND ND ND 1 1

Phosmet 2 ND ND ND 2
Spiromesifen ND ND ND 1 1

Sulfoxaflor ND 2 ND 2 4

Tetraniliprole ND 2 ND ND 2
Thiamethoxam ND ND 2 ND 2

Subtotal 29 18 24 9 80

Total 79 94 34 18 225

“Not detected
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dasirt, ek i AETA A FAVEE T 7
2 Fol sigat, M 71 2 A4 JFE ol
S FsIA] 271 wlel AlX TR g AReeF oA
)7} F=3 A4 o] th(Kim et al., 2022). PLSS] EQJo 2
n o] skl teiAE dAskA #Els e &
AR grao], Ax 9 WE FAdF 1HREe ot
214291 BUE g bdde] 7t B asirhal AvkEnh
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