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ABSTRACT - In this study, 195 pesticide residues in fruit samples (n=150) at local markets in Chungc-
heongnam-do Chungnam, Korea were monitored using a multi-residue method combined with GC-MS/MS and LC-
MS/MS. Among 150 fruit samples, 40 types of pesticides were detected in 63 samples and the detection rate was
42.0%. However, the amounts were below the maximum residue limit (MRL). Detection rates for pesticides in each
thpe of fruit were as follows ; citrus fruits (55.2%), pome fruits (41.3%), berries (38.7%) and stone fruits (36.0%).
Although the sample size was small (n=2), pesticide residues were not detected in tropical fruits. Occurrences of
detection of pesticide residues in apple showed the highest level, and mainly, insecticides were detected most fre-
quently. The most commonly detected pesticides residues were bifenthrin (21), pyraclostrobin (17), novaluron (13),
boscalid (10), chlorfenapyr (9), trifloxystrobin (9), furathiocarb (9), acetamiprid (8) and chlorpyrifos (8). Five types
of residual pesticides (bifenthrin, chlorfenapyr, deltamethrin, fenpropathrin and fenvalerate) were detected in quince,
and out of these five, fenpropathrin exceeded the MRL based on the Positive List System (PLS). These results sug-
gested that pesticide residues in fruit samples should be continuously monitored, although residue levels in 63 other
fruit samples were evaluated as being within a safe level.

Key words : Fruits, Pesticide residues, Multi-residue method, Maximum residue limit (MRL)
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Table 1. Fruit samples per group tested for the pesticides

EESE YA

195% FoFe] ¥FFS AccuStandard (New Haven, CT,
USA), Dr. Ehrenstorfer (Augsburg, Germany) %! Sigma-
Aldrich (St. Louis, MO, USA)S] Al#FS AMHE-3IAT soF
FE2 AT AR AR HE F FE E GA HEAA
+ acetonitrile (Fisher, Pittsburgh, PA, USA), methanol
(Fisher, Pittsburgh, USA), acetone (Fisher, Pittsburgh, PA,
USA), dichloromethane (Wako, Osaka, Japan), hexane
(Wako, Osaka, Japan) 52 AFE3I9, & H2]= sodium
chloride (Wako, Osaka, Japan)= ©]-83}3 T Al52] GA|
= solid phase extraction (SPE)E ©]-8-33=Hl, o] # A}
4% JlEZ]A = aminopropyl cartridge (Phenomenex,
Torrance, CA, USA)9} florisil cartridge (Phenomenex,
Torrance, CA, USA)ZE A3l th
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w712 A=) 8tA T} Acetonitrile=S F-FSHANIE R &
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< #7VeITh. acetonitriled 20 mLE ZHz} FH3ked 40°C
ojsl &AM St =33
& AEY A= GC

acetone/hexane 4 mL=

N o e Ao l‘-hI

B 9la) ARE 20%
3 hexane 5mL, 20%
A1Z1 Aflorisil cartridgeol] %

&2l gk
acetone/hexane 5 mLZ 24 3}
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el
s

D 128 AEe) v
Al FHEZIA 7L Ao e |4 20% acetone/hexane
SmLE &F3dte] Y Aol o} 40°C ot L4
oA A w5t &ulirt ¢hds] ArE IARES
20% acetone/hexane 4 mLE 2] £33l 0.2 um PTFE
filter (Whatman, Maidstone, UK)ol| <3}sle] Alglgo o
2 s LC 48 siMEs ARES 1% methanol/
dichloromethane 4 mLZ £33t & dichloromethane 5 mL

Groups Commodity
Pome fruits (63) Apple (31), Persimmon (16), Pear (15), Quince (1)
Berry fruits (31) Grape (21), Strawberry (8), Chinese matrimony vine (2)
Citrus fruits (29) Mandarin (29)
Stone fruits (25) Peach (16), Plum (4), Jujube (2), Schisandra (2), Apricot (1),

Tropical fruits (2)

Kiwi (2)

Total

150
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Table 2. List of target pesticides for monitoring in this study

Classification Instrument Pesticide
Acrinathrin, Aldrin, Azinphos-methyl, Bifenthrin, BHC, Bromopropylate, Cadusafos,
Carbophenothion, Chlordane, Chlorfenapyr, Chlorfenvinphos, Chlorpyrifos, Chlorpyri-
fos-methyl, Cyfluthrin, Cyhalothrin, Cypermethrin, DDT, Deltamethrin, Diazinon,
Dichlorvos, Dicofol, Dieldrin, Dimethoate, Dimethylvinphos, Disulfoton, Endosulfan,
Endrin, EPN, Esprocarb, Ethion, Ethoprophos, Etoxazole, Etrimfos, Fenamiphos,
GC/MSMS Fenitrothion, Fenpropathrin, Fenothiocarb, Fenoxycarb, Fenthion, Fenvalerate, Fipronil,
o Flonicamid, Fluacrypyrim, Fluvalinate, Fosthiazate, Heptachlor, Indoxacarb, Isazofos,
Insecticide Isofenphos, Malathion, Mecarbam, Methidathion, Methoxychlor, Parathion, Parathion-
(93) methyl, Permethrin, Pirimiphos-ethyl, Pirimiphos-methyl, Phenthoate, Phosalone,
Phosmet, Phosphamidone, Pirimicarb, Profenofos, Propoxur, Prothiofos, Pyridaben,
Pyridalyl, Pyrimidifen, Simeconazole, Tebupirimifos, Tefluthrin, Tralomethrin, Triazophos
Acetamiprid, Carbofuran, Chlorantranlilprole, Clothianidin, Fenobucarb, Flubendiamid,
LC/MSMS Flufenoxuron, Hexaflumuron, Isoprocarb, Lufenuron, Methomyl, Methoxyfenozide,
Novaluron, Pyriproxyfen, Spirodiclofen, Spiromesifen, Telfubenzuron, Thiacloprid,
Thiamethoxam
Alachlor, Anilofos, Bromacil, Bromobutide, Butachlor, Cinmethylin, Chlorothalonil,
. GC/MSMS Diclofop-methyl, Dimethenamid, Diphenamid, Dithiopyr, Ethalfluralin, Flufenacet,
Herbicide Mefenacet, Metribuzin, Indanofan, Molinate, Pendimethalin, Piperophos, Prometryn, Propanil,
(30) Propisochlor, Pryminobac-methyl, Simazine, Thiazopyr, Thiobencarb, Trifluralin
LC/MSMS Diuron, Methabenzthiazuron, Pyributicarb
Captan, Chinomethionat, Cyflufenamid, Cyprodinil, Cyproconazole, Dicloran, Diethofencarb,
Diniconazole, Diphenylamine, Edifenphos, Fenamidone, Fenarimol, Fenbuconazole,
Fludioxonil, Flutolanil, Flusilazole, Fthalide, Furathiocarb, Hexaconazole, Imazalil, Iprobenfos,
GC/MSMS Iprodione, Isoprothiolane, Kresoxim-methyl, Mepronil, Metalaxyl, Metconazole,
Methylpentachlorophenyl sulfide, Metrafenone, Myclobutanil, Nuarimol, Ofurace,
Fungicide Penconazole, Picoxystrobin, Prochloraz, Procymidone, Pyraclofos, Pyrazophos,
(67) Tetradifon, Terbufos, Tolclofos-methyl, Tolylfluanid, Triadimefon, Triflumizole,
Triflumuron, Quintozene, Vinclozolin
Amisulbrom, Azoxystrobin, Benzoximate, Boscalid, Cyazofamid, Cymoxanil,
LC/MSMS Dimethomorph, Ethaboxam, Fenhexamid, Ferimzone, Fluazinam, Fluquinconazole,
Mepanipyrim, Prothioconazole, Pyraclostrobin, Pyrimethanil, Pyroquilon,
Tebufenozide, Tricyclazole, Trifloxystrobin
ici Fenazaquin, Tebufenpyrad
Acaricide GC/MSMS q . py
3) Fenpyroximate
Plant growth .
regulator (2) GC/MSMS Paclobutrazole, Uniconazole
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Table 3. Operating conditions of GC-MS/MS using in this study

Instrument GC-MS/MS
Column HP-5MS UI (30m x 0.25 mm x 0.25 pm)
Detector Mass quadrupole spectrometry
Inlet 250°C, splitless, 1 pL injection
Oven Temp. Time (min) Temp. (°C) Hold (min)
initial 90 3.0
20 120 0.0
8 300 2.0
Gas flow He 1.5 mL/min
Table 4. Operating conditions of LC-MS/MS using in this study
Instrument LC-MS/MS
Column Capcell CORE C18 (2.1 x 150mm, 2.7 um), 35°C
Detector Mass quadrupole spectrometry
Mobile phase A:10 mM ammf)nium acetate + 0.1% for.mic ’acid in water
B : 2 mM ammonium acetate + 0.1% formic acid in methanol
No Time (min) A(%) B(%)
1 0 85 15
2 1.0 85 15
3 1.5 40 60
Gradient 4 10.0 10 90
condition 5 12.0 10 90
6 12.1 2 98
7 16.0 2 98
8 16.1 85 15
9 20.0 85 15
Infection volume 5 uL
Flow rate 300 pL/min

c: The standard deviation of response, S: The slope of
the calibration curve
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Table 5. Validation parameters of the analytical methodologies for pesticides

No Pesticides Recovery (%) LOD (mg/kg) LOQ (mg/kg) Correlation coefficient
1 Acetamiprid 106.21£1.10 0.005 0.016 0.9911
2 Azoxystrobin 103.33%1.61 0.004 0.013 0.9983
3 Bifenthrin 97.61£8.66 0.004 0.014 0.9916
4 Boscalid 83.32+6.18 0.005 0.016 0.9996
5 Chlorantraniliprole 82.64+3.41 0.004 0.013 0.9984
6 Chlorfenapyr 92.48+5.11 0.002 0.007 0.9992
7 Chlorothalonil 101.36+6.78 0.005 0.017 0.9963
8 Chlorpyrifos 100.11+£9.45 0.003 0.010 0.9994
9 Cyflufenamid 78.15+1.44 0.003 0.008 0.9978
10 Cypermethrin 99.45+8.37 0.002 0.008 0.9988
1 Cyprodinil 79.64+5.87 0.002 0.007 0.9991
12 Deltamethrin 88.44+1.93 0.002 0.007 0.9992
13 Dimethomorph 104.54+6.39 0.003 0.010 0.9997
14 Fenpropathrin 91.78+6.84 0.002 0.007 0.9957
15 Fenvalerate 82.48+5.49 0.003 0.012 0.9997
16 Flonicamid 100.14+9.41 0.003 0.009 0.9945
17 Flubendiamide 79.94+7.68 0.004 0.013 0.9951
18 Fludioxonil 101.44+8.23 0.002 0.006 0.9967
19 Flufenoxuron 96.32+4.97 0.004 0.012 0.9945

20 Fluquinconazole 93.06+7.42 0.004 0.010 0.9996

21 Furathiocarb 85.08+4.68 0.003 0.010 0.9994

22 Iprodione 98.50+1.36 0.002 0.006 0.9997

23 Kresoxim-methyl 78.67+1.95 0.004 0.013 0.9966

24 Lufenuron 79.12+1.13 0.003 0.009 0.9991

25 Metconazole 110.05+1.66 0.003 0.008 0.9995

26 Methidathion 98.06+2.44 0.002 0.005 0.9994

27 Methomyl 99.96+1.08 0.003 0.009 0.9984

28 Methoxyfenozide 100.02+1.84 0.005 0.019 0.9996

29 Novaluron 89.46+7.34 0.002 0.007 0.9999

30 Phenthoate 102.38+1.67 0.004 0.010 0.9976

31 Procymidone 100.06+2.06 0.003 0.009 0.9994

32 Pyraclostrobin 92.46+2.18 0.003 0.009 0.9996

33 Pyridalyl 99.30+9.38 0.002 0.006 0.9977

34 Spiromesifen 78.88+5.46 0.002 0.005 0.9996

35 Teflubenzuron 106.33+£7.16 0.003 0.008 0.9994

36 Thiacloprid 103.07+1.80 0.002 0.006 0.9991

37 Tiamethoxam 94.48+7.64 0.004 0.010 0.9990

80 Tralomethrin 96.58+1.80 0.004 0.013 0.9999

39 Trifloxystrobin 104.00£5.12 0.002 0.006 0.9995

40 Tiamethoxam 79.07+4.33 0.004 0.012 0.9999

YLOD: Limit of detection
YLOQ: Limit of quantification
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Table 6. Sample number and detection rate of pesticide residues in fruits

Type Item No. of analysis No. of detection (%)

Citrus fruits Mandarin 29 16(55.2)

Apple 31 21(67.7)

Persimmon 16 2(12.5)

Pome fruits

Pear 15 2(13.3)

Quince 1 1(100.0)

Total 63 26(41.3)

Grape 21 9(42.9)

Berry fruits Strawberry 8 2(25.0)

Chinese matrimony vine 2 1(50.0)

Total 31 12(38.7)

Peach 16 8(50.0)

Plum 4 1(25.0)

Stone fruits Jujube 2 0(0.0)

Schisandra 2 0(0.0)

Apricot 1 0(0.0)

Total 25 9(36.0)

Tropical fruits Kiwi 2 0(0.0)

Total 150 63(42.0)
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Table 7. Pesticide levels detected in fruits in this study

Group Item Frequenf:y of Pesticide . Detection MRL
(No. of sample) detection (No. of detection) range (mg/kg) (mg/kg)

Bifenthrin (10) 0.015-0.057 0.5
Furathiocarb (9) 0.049-0.083 0.5
Pyraclostrobin (8) 0.029-0.051 2.0
Trifloxystrobin (7) 0.019-0.105 0.7
Chlorothalonil (5) 0.017-1.608 2.0
Novaluron (5) 0.012-0.067 1.0
Acetamiprid (4) 0.016-0.032 0.3
Metconazole (4) 0.018-0.038 1.0
Deltamethrin (4) 0.018-0.022 0.5
Boscalid (4) 0.016-0.058 1.0
Teflubenzuron (3) 0.026-0.180 1.0
Methomyl (3) 0.010-0.019 2.0
Fenpropathrin (3) 0.018-0.033 1.0

Apple (31) 21
Chlorantraniliprol (2) 0.015-0.038 1.0
Iprodione (2) 0.043-0.057 5.0
Lufenuron (2) 0.017-0.019 0.3
Chlorpyrifos (1) 0.043 1.0
Pome fruits Flonicamid (1) 0.015 0.7
Flubendiamide (1) 0.053 1.0
Flufenoxuron (1) 0.019 0.7
Fluquinconazole (1) 0.023 2.0
Kresoxim-methyl (1) 0.013 2.0
Pyridalyl (1) 0.097 1.0
Tiamethoxam (1) 0.013 0.5
Thiacloprid (1) 0.017 0.7
Tralomethrin (1) 0.019 0.5
Boscalid (1) 0.016 1.0

Persimmon (16) 2
Trifloxystrobin (1) 0.028 0.7
Pear (1) 5 Chlorpyrifos (1) 0.021 1.0
Spirodiclofen (1) 0.010 1.0
Bifenthrin (1) 0.010 0.5
Chlorfenapyr (1) 0.026 1.0
Quince (1) 1 Deltamethrin (1) 0.015 0.5
Fenpropathrin (1) 0.080 0.5
Fenvalerate (1) 0.037 2.0
Kresoxim-methyl (4) 0.347-0.742 5.0
Procymidone (4) 0.024-0.132 2.0
Pyraclostrobin (4) 0.019-0.025 3.0

Berry fruits Grape (21) 9 .

Boscalid (3) 0.014-0.042 5.0
Chlorfenapyr (2) 0.020-0.164 2.0

Azoxystrobin (1) 0.075 3.0




428 Kang-Bum Lee et al.

Table 7. (Continued) Pesticide levels detected in fruits in this study

Group Item Frequen.cy of Pesticide . Detection MRL
(No. of sample) detection (No. of detection) range (mg/kg) (mg/kg)

Chlorantraniliprole (1) 0.027 2.0
Dimethomorph (1) 0.016 2.0
Grape (21) 9 Fenvalerate (1) 0.014 1.0
Fluquinconazole (1) 0.020 1.0
Trifloxystrobin (1) 0.013 2.0
Boscalid (1) 0.050 5.0
Berry fruits Strawberry (8) 5 Chlorfenapyr (1) 0.028 0.5
Fludioxonil (1) 0.020 2.0
Spiromesifen (1) 0.155 0.5
Bifenthrin (1) 0.015 0.5
Chinese | Chlorpyrifos (1) 0.037 0.5
matrimony vine (2) Cypermethrin (1) 0.134 5.0
Fenvalerate (1) 0.025 1.0
Novaluron (8) 0.023-0.149 0.5
Chlorfenapyr (5) 0.017-0.413 1.0
Phenthoate (4) 0.058-0.314 1.0
Acetamiprid (3) 0.021-0.113 0.5
Bifentrin (3) 0.015-0.031 0.5
Chlorpyrifos (3) 0.018-0.041 1.0

Citrus fruits Mandarin (29) 16
Tebufenozide (3) 0.022-0.034 1.0
Cyflufenamid (2) 0.015-0.053 1.0
Pyraclostrobin (2) 0.011-0.021 2.0
Methidathion (1) 0.010 0.01
Cypermethrin (1) 0.213 2.0
Cyprodinil (1) 0.014 1.0
Bifenthrin (5) 0.017-0.069 0.3
Chlorpyrifos (2) 0.018-0.136 0.5
Pyraclostrobin (2) 0.023-0.084 1.0
Acetamiprid (1) 0.148 1.0
Azoxystrobin (1) 0.916 2.0
Peach (16) 8 Boscalid (1) 0.246 1.0
Deltamithrin (1) 0.015 0.5
Stone fruits Iprodione (1) 0.275 2.0
Flubendiamide (1) 0.164 0.7
Methomyl (1) 0.031 5.0
Thiacloprid (1) 0.136 1.0
Azoxystrobin (1) 0.133 1.0
Bifenthrin (1) 0.023 0.1

Plum (4) 1

Cypermethrin (1) 0.574 1.0
Pyraclostrobin (1) 0.172 1.0




73} 7xom | Alajel|A= bifenthrin, furathiocarb, pyraclostrobin,
trifloxystrobin, chlorothalonil, novaluron 5 26%2 J{-5
ofo] AZE YL 7oA E boscalid, trifloxystrbin B 4]
R oA+ bifenthrin,
chlorfenapyr, deltamethrin, fenpropathrin, fenvalerate”7} 7
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= A7) S8 A&k bifenthrin (255A), furathiocarb
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chlorfenapyr, phenthoate, acetamiprid, bifenthrin 5 12%<]
Aiseko]l AEHJL, 2 A dF BAE S8l AHE

= chlorpyrifos, spirodiclofen,

3= novaluron, chlorfenapyr, phenthoate 5©] HHHI=Z 7
ZHon, 8 F AG-FsHgA A7l o wE
S WRE7] Y3 bifenthrin, chlorpyrifos, tebufenozide &
o] AZHUY. Hsol=  bifenthrin,  chlorpyrifos,
pyraclostrobin 5 1159 #F&eFo] AEEHY oM AFE
azoxystrobin, bifenthrin, cypermethrin, pyraclostrobin®| A&
Hoh HYE HEE e REF AEF= A6
), A2(12%), TE(1%), HeoH11F) T2 At
A 7P B2 F7e] dRsetel AEH/IaL, 20120
H3 A% FEAERF sk AsiE o Aot fAE
SFATFY.
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