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ABSTRACT - In accordance with the implementation of the Positive List System (PLS), the proper usage of pes-
ticides is now being enforced. It is assumed that unregistered pesticides are being used on agroforestry products due
to the low number of registered pesticides in the agricultural industry. In this study, pesticide and heavy metal residues
were investigated in 13 types of products to determine the status of usage. The levels (%) of pesticides detected in
Pimpinella beachscape, Platycodon grandiflorum, Codonopsis lancekolate, Artemisia dubia, Angelica gigas, Pyrus
pyrifolia, and Punica granatum were 40.0, 20.0, 26.7, 13.3, 56.3, 57.1, 33.3, 26.7, 66.7, and 46.7%, respectively,
while, those in Petridium aquilinum, Disoscorea batata and Senna tora were zero. Heavy metals (Pb, Cd) were
detected only from P. grandisflorum and A. dubia. The pesticide usage and registration data by agroforestry product
obtained in the study will be useful in the future for ensuring the safety of domestic agroforestry products.

Keywords : PLS, Pesticide, Forest product, Pesticide residue
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Materials and Methods
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Table 1. List of pesticides analyzed by LC-MS/MS and GC-MS/MS

Instrument Classification

Pesticide

LC-MS/MS
(207)

Insecticide
(30)

Abamectin, Acephate, Acetamiprid, Aldicarb, Azinphos-methyl, Bendiocarb, Benzoximate,
Buprofezin, Cadusafos, Carbaryl, Carbofuran, Chlorpyrifos, Chromafenozide, Clofentezine,
Clothianidin, Demeton-S-Methyl, Diazinon, Dichlorvos(DDVP), Diflubenzuron,
Dinotefuran, Ethiofencarb, Ethoprophos, Etofenprox, Etoxazole, Etrimfos, Fenamiphos,
Fenazaquin, Fenobucarb, Fenoxycarb, Fenpyroximate, Flonicamid, Fluacrypyrim,
Flubendiamide, Flufenoxuron, Fosthiazate, Furathiocarb, Hexaflumuron, Hexythiazox,
Imicyafos, Imidacloprid, Isoprocarb, Lufenuron, Malathion, Methiocarb, Methomyl,
Methoxyfenozide, Metolcarb, Mevinphos, Milbemectin, Monocrotophos, Novaluron,
Omethoate, Oxamyl, Phenthoate, Phosphamidone, Phoxim, Pirimicarb, Pirimiphos-methyl,
Profenofos, Propoxur, Pyraclofos, Pyridaben, Pyridaphenthion, Pyrifluquinazon,
Pyrimidifen, Pyriproxyfen, Quinalphos, Spinetoram, Spirodiclofen, Spirotetramat,
Sulfoxaflor, Tebufenozide, Tebufenpyrad, Teflubenzuron, Thiacloprid, Thiamethoxam,
Thiodicarb, Triazophos, Triflumuron, Vamidothion

Herbicide
(59)

Azimsulfuron, Bensulfuron-methyl, Benzobicyclon, Bromacil, Cafenstrole, Carfentrazone-ethyl,
Chlorsulfuron, Clethodim, Clomazone, Cyclosulfamuron, Cyhalofop-butyl, Dymron,
Dimepiperate, Dimethametryn, Dimethenamid, Diphenamid, Dithiopyr, Diuron, Esprocarb,
Ethoxysulfuron, Fenoxaprop-ethyl, Fentrazamide, Flucetosulfuron, Flufenacet,
Halosulfuron-methyl, Haloxyfop, Hexazinone, Imazosulfuron, Linuron, Mefenacet,
Metamifop, Metazosulfuron, Methabenzthiazuron, Metobromuron, Molinate, Napropamide,
Nicosulfuron, Oxadiazon, Oxaziclomefone, Penoxsulam, Pentoxazone, Piperophos,
Propanil, Propaquizafop, Pyrazolate, Pyribenzoxim, Pyributicarb, Pyriftalid, Pyriminobac-methyl,
Pyrimisulfan, Quinoclamine, Quizalofop-ethyl, Saflufenacil, Sethoxydim, Terbuthylazine,
Thenylchlor, Thiazopyr, Thifensulfuron-methyl, Thiobencarb

LC-MS/MS
(207)

Fungicide

(61)

Amisulbrom, Azoxystrobin, Benthiavalicarb-isopropyl, Bitertanol, Boscalid, Carbendazim,
Carboxin, Carpropamide, Cyazofamid, Cyflufenamid, Cymoxanil, Cyproconazole,
Diethofencarb, Dimethomorph, Diniconazole, Edifenphos, Ethaboxam, Famoxadone, Fenarimol,
Fenbuconazole, Fenhexamid, Ferimzone, Fludioxonil, Fluopicolide, Fluquinconazole,
Flusilazole, Flutolanil, Fluxapyroxad, Hexaconazole, Imazalil, Iprobenfos, Iprovalicarb,
Isoprothiolane, Isopyrazam, Kresoxim-methyl, Mandipropamid, Mepanipyrim, Mepronil,
Metalaxyl, Metconazole, Metrafenone, Myclobutanil, Nuarimol, Ofurace, Oxadixyl,
Penconazole, Pencycuron, Propamocarb, Pyraclostrobin, Pyrazophos, Pyrimethanil,
Pyroquilon, Tebuconazole, Tetraconazole, Thiabendazole, Tiadinil, Triadimefon,
Tricyclazole, Trifloxystrobin, Triflumizole, Uniconazole

Plant growth
regulator (7)

Forchlorfenuron, Gibberellic acid, Inabenfide, Paclobutrazol, Probenazole, Quinmerac,
Thidiazuron

Insecticide
(60)

Acrinathrin, Aldrin, BHC, Bifenthrin, Bromopropylate, Carbophenothion, Chlorantraniliprole,
Chlordane, Chlorfenapyr, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Chlorpyrifos-methyl,
Cyfluthrin, Cyhalothrin, Cypermethrin, Deltamethrin, Dicofol, Dieldrin, Dimethoate,
Dimethylvinphos, Disulfoton, Endosulfan, Endrin, EPN, Ethion, Fenitrothion, Fenothiocarb,
Fenpropathrin, Fenthion, Fenvalerate, Fipronil, Flucythrinate, Fonofos, Halfenprox,
Heptachlor, Indoxacarb, Isazofos, Isofenphos, Lindane, Mecarbam, Methidathion, DDT,
Parathion-ethyl, Parathion-methyl, Permethrin, Phenothrin, Phorate, Phosalone,
Piperonyl butoxide, Pirimiphos-ethyl, Promecarb, Prothiofos, Pyridalyl, Silafluofen,
Spiromesifen, Tebupirimfos, Tefluthrin, Terbufos, Tetradifon

GC-MS/MS

(113) Herbicide

@7

Alachlor, Anilofos, Benfuresate, Bifenox, Bromobutide, Butachlor, Butafenacil,
Diclofop-methyl, Ethalfluralin, Fenclorim, Flumioxazine, Indanofan, Metolachlor,
Metribuzin, Oxyfluorfen, Pendimethalin, Pretilachlor, Prometryn, Propachlor, Propazine,
Propisochlor, Propyzamide, Simazine, Simetryn, Terbutryn, Tri-allate, Trifluralin

Fungicide
(25)

Ametoctradin, Azaconazole, Cyprodinil, Dicloran, Difenoconazole, Diphenylamine,
Epoxiconazole, Etridiazole, Fenoxanil, Fluopyram, Imibenconazole, Iprodione, Penthiopyrad,
Picoxystrobin, Phthalide, Prochloraz, Procymidone, Propiconazole, Quintozene,
Simeconazole, Thifluzamide, Tolclofos-methyl, Triadimenol, Vinclozolin, Zoxamide

Plant growth
Regulator (1)

Chlorpropham
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Table 2. LC-MS condition for the analysis of pesticide residues

Instrument LC-8040, Shimadzu,
Column Pursuit XRs Ultra 2.8 uL C18, 100 mm (L.) x 2.0 mm (I.D.)
Detector Mass Triple Quard Spectrometer
Mobile phase A: 5 mM Amm(?nium formate + 0.1% Forp‘nic allci.d in water
B: 5 mM Ammonium formate + 0.1% Formic acid in methanol
Time (min) A (%) B (%)
0.0 90 10
1.0 90 10
Gradient condition 1> 0 00
10.0 2 98
15.0 98
15.0 90 10
20.0 90 10
Injection volume 20 pL
Flow rate 0.3 mL/min
Table 3. GC-MS/MS condition for the analysis of pesticide resdiues
Instrument GC-7000C, Agilent Technologies
Column DB-SMS UI (30 m x 0.25 mm % 0.25 um)
Detector Mass Triple Quard Spectrometer
Injector 250°C
Rate (°C/min) Temperature (°C) Hold (min)
Temperature initial %0 >
20 120 0
8 300 3
Gas flow Carrier gas (He), 1 mL/min

Injection mode / volume

Splitless / 1.0 uL

dispersive SPE kits (150 mg PSA, primary secondary
amine; average particle size 40 pum, 900 mg magnesium
sulfateys ©]-§-std AT & AEestal sl &4
HEAE F71sked GC-MSMS (GC/7000C triple quard mass
spectrometer, Agilent)S ©]-8-3}4] Table 3] WHOo=ZE F
A&t ABAE LC-MS/MSE F%E 0.00063-0.02 (ug/
mL)2] HY oA 555 ooz 2AH oM, GC-MS/
MSE F% 0.0063-0.2 (ug/mL)2] HLA 555 o] o
2 st A% o].M_tq A5 38 7129 80%°]A
o wjd BA HIFHPS ol&ste] 3wHE A4S 1Y

ST,

Zo5 BN

A& 24g (AF NEE 12 95 870 FAE A F,
A 10mL (AXNEE 15mL)yE FH7FstL 2417F W3

& Ak 4 1 mLE
120Col A 2407 st Aees g 3
sy, B2 ¥ oAl 8712

golng ol =9
S Al APAL FEF B AAT T IYF

o7 A&l 717184 ] AMER ol &8t TEE &
22 ICP-OES (Inductively coupled plasma — optical
emission spectrometer, Agilent 720-ES)E ©]-&-3}o] (Pb)
I FIEFE(Cd)S BT B4 332 ¢ 220.35 nm,

FI=HE 226.50 nmE ARE-3FA A, T2 0.01-1.0mg/L, 7+
ZE2 0.005-1.0 mg/LY] TEZ AL 2 ste] A
sATH S,

33& A8
Al faX ASS A D (precision)e} =
(accuracy)d &S $13l gHA(LOD), Z & gH71(LOQ),
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Table 4. The recovery rate, LOD, LOQ and correlation coefficient of pesticides analyzed by GC-MS/MS
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o

HA|
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Z 77 99%)E

0.12-0.25 pg/kg®)

0.24-1.54 pg/kgol 3L
7AZ $A(LOD) x 322 T3
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10, 50, 100 pg/kgs
Au], AME 05,

& 0.003-0.005 mg/kg®]
How AX

E) xH—‘—Tl_a

1.0 mg/kg &

1 CH(Table 4). 2+
F A1F 2 49
Aol @, v, AbakE

=2 /\1 3 O]_O:h;], Z:L/\

1‘3}51

o
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R

[e)
TE‘T:

2 Agsdy. A=

(Precisiony= ‘Vo/‘c}EHu_%f%ii}(percent relative standard deviation,

Pesticides Recovery (%) LOD (mg/kg) LOQ (mg/kg) Correlation coefficient
Acetamiprid 95 0.0002 0.0005 0.9998
Ametoctradin 97 0.0010 0.003 0.9966
Azoxystrobin 96 0.0001 0.0004 0.9999
Bifenthrin 100 0.0006 0.002 0.9995
Bitertanol 99 0.0002 0.0005 0.9996
Boscalid 96 0.0002 0.0005 0.9999
Buprofezin 97 0.0002 0.0005 0.9996
Carbendazim 91 0.0001 0.0004 0.9994
Chlorantraniliprole 100 0.0008 0.002 0.9989
Chlorfenapyr 100 0.0006 0.002 0.9995
Chlorfluazuron 102 0.0007 0.002 0.9998
Chlorpyrifos 94 0.0002 0.0005 0.9999
Clothianidin 100 0.0002 0.0005 0.9991
Cyhalothrin 98 0.0005 0.001 0.9991
Cypermethin 100 0.0014 0.004 0.9983
Cyprodinil 98 0.0003 0.001 0.9996
Deltamethrin 105 0.0004 0.001 0.998
Difenoconazole 105 0.0009 0.003 0.9944
Dimethomorph 97 0.0002 0.0005 0.9998
Dinotefuran 93 0.0002 0.0005 0.9995
Endosulfan-a 98 0.0015 0.005 0.9997
Endosulfan-b 99 0.0008 0.002 0.9993
Endosulfan-sulfate 101 0.0010 0.003 0.9994
Ethaboxam 97 0.0002 0.0005 0.9988
Etofenprox 94 0.0002 0.0005 0.9999
Famoxadone 99 0.0002 0.0005 0.999
Fenarimol 90 0.0002 0.0005 0.9981
Fenazaquin 97 0.0002 0.0005 0.9999
Fenitrothion 97 0.0008 0.003 0.9970
Flubendiamide 98 0.0002 0.0005 0.9989
Fludioxonil 94 0.0002 0.0005 0.9982
Flufenoxuron 101 0.0002 0.0005 0.9987
Fluopyram 102 0.0004 0.001 0.9997
Fluquinconazole 90 0.0002 0.0005 0.9993
Flutolanil 95 0.0002 0.0005 0.9983
Fluxapyroxad 99 0.0002 0.0005 0.9985
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Table 4. (Continued) The recovery rate, LOD, LOQ and correlation coefficient of pesticides analyzed by GC-MS/MS

Pesticides Recovery (%) LOD (mg/kg) LOQ (mg/kg) Correlation coefficient
Hexaconazole 101 0.0002 0.0005 0.9998
Imidacloprid 98 0.0002 0.0005 0.9996
Indoxacarb 104 0.0007 0.002 0.9965
Iprodione 105 0.0007 0.002 0.9989
Kresoxim-methy 96 0.0002 0.0005 0.9985
Linuron 93 0.0002 0.0005 0.9989
Lufenuron 91 0.0002 0.0005 0.9994
Mandipropamid 96 0.0002 0.0005 0.999
Metconazole 99 0.0002 0.0005 0.9999
Methoxyfenozide 94 0.0002 0.0005 0.9996
Metolachlor 102 0.0003 0.001 0.9998
Novaluron 95 0.0001 0.0004 0.9992
Oxadixyl 94 0.0002 0.0005 0.9998
Pendimethalin 97 0.0008 0.002 0.9964
Penoxsulam 94 0.0001 0.0004 0.9994
Penthiopyrad 101 0.0008 0.002 0.9997
Propamocarb 80 0.0002 0.0005 0.9992
Propiconazole 102 0.0005 0.002 0.9984
Pyraclostrobin 97 0.0002 0.0005 0.9987
Spirodiclofen 94 0.0002 0.0005 0.9998
Spiromesifen 101 0.0006 0.002 0.9998
Spirotetramat 93 0.0002 0.0005 0.9997
Spirotetramatenol 102 0.0001 0.0004 0.9988
Sulfoxaflor 94 0.0002 0.0005 0.9954
Tebuconazole 97 0.0002 0.0005 0.9985
Tebupirimfos 99 0.0008 0.002 0.9997
Terbufos 102 0.0005 0.001 0.9998
Thiamethoxam 92 0.0001 0.0004 0.9995
Thiobencarb 95 0.0002 0.0005 0.9995
Trifloxystrobin 101 0.0002 0.0005 0.9999
Triflumizole 94 0.0001 0.0004 0.9998

%RSD) 15% ol om, 3F&2 WHE 80-105%2  ZHA FUTh FFo] AEH diE T vjFE A A

(Table 4), AZFEH 71FE =30 B F 66.7%N4 T HEHAL, T2 2= AR 57.1%,

Results and Discussion

I 56.3%, EHl 46.79F FbE 40.0%92H, Tl 33.3%,
Oy BEAG7] 26.7%, TetA], #F2e 747F 20.0%,
133% ATk AR HAle] = HF7}F 571 Hak 53R
7 ol ARSI, o ® 3 3.9 ofAl, thel 2.89F
A, E9 27984, AR/, EEAE77E 24 2.6, 239402
o, gy, Z2lA], 3, FUES 1.0-1.59 Ak F549]
AL, 2o 1570 AYF Pb 57/ XY, Cd 9K YelA, =
A= Pb, Cd B5F 53 7] A GellM HE= A
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Table 5. Residual pesticides and heavy metals detection compounds from each product

Occurrence Total No. of detected Mean No. of detected ~ Occurrence of heavy metals

Product 0/ N— .. pesticides per samples

(%, N=15) pesticides (Min -Max.) Pb cd
Pteridium aquilinum 0 0 - 0 0
Pimpinella brachycarpa 6 (40.0) 9 1.5 (1-4) 0 0
Platycodon grandiflorum 3(20.0) 3 1 1 1
Codonopsis lanceolata 4(26.7) 4 1 0 0
Artemisia dubia 2(13.3) 3 1.5 (1-2) 5 9
Angelica gigas 9(60.0)' 35 3.9 (1-11) 0 0
Dioscorea batatas 0 0 - 0 0
Punica granatum 8(57.17 21 2.6 (1-6) 0 0
Rubus coreanus 4 (26.7) 9 2.3(1-2) 0 0
Actinidia arguta 5(33.3) 14 2.8 (1-9) 0 0
Vitis coignetiae 10 (66.7) 53 5.3 (1-10) 0 0
Pyrus pyrifolia 7 (46.7) 19 2.7 (1-6) 0 0
Senna tora 0 0 - 0 0

'N=16, > N=14.

Table 6. Results of pesticide residue and heavy metals analysis of Pimpinella beachscape, Platycodon grandiflorum, and Codonopsis
lanceolate

.. Frequency of Mean concentration of residue Registration Korean MRL
Product Pesticide Common name q Y €

detection (Min.-Max.; mg/kg) in Korea' (mg/kg)
Carbendazim 1 0.676 o 2.0
Flutolanil 1 0.020 x 2
Fungicide
Propamocarb 1 0.010 T -
Spirotetramat 1 0.010 T -
Pimpinella beachscape Cypermethin | 0.132 0 50
Chamnamul yper ’ ’
Dinotefuran 1 0.011 x -
Insecticide
Fluopyram 1 0.006 x -
Imidacloprid 1 0.006 o 1.0
Herbicide Pendimethalin 1 0.006 T -
. Chlorfenapyr 1 0.010 o 0.05
Insecticide
Chlorpyrifos 1 0.011 x 0.05"
Platycodon grandiflorum 4w iq4e Penoxsulam 1 0.006 x -
Balloon flower
Pb 1 0.068 - 0.2
Heavy metal
Cd 1 0.042 - 0.1
Codonopsis lanceolate Fungicide Hexaconazole 1 0.009 o 0.05
Bonnet bellflower Insecticide Endosulfan 3 0.010 (0.009-0.013) * -

'0: registered, x: not registered, T: Temporally registered '*>®, % -: not estimated . *: prohibited by the law.

HUEANAM HEE AR 54 F 9502 Al 48, A= fluopyram= A3t =5 PLS715<! 0.01 mg/kgo]
ASATE 4%, AZAE 150192H, o] F "EFE 4211 4ol w7t AEEAY. A7 = FAESAI A 9]
= 3%, A 55 A 3%l HEEHUK Table 6). 55 Eo] Fof AFHARE 20093 5E 20133704 597 g
oM T HEFS AFEVIEH AR, nEE < A, 650HA T 230AA A Feko] HEHS wF A
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Table 7. Results of pesticide residue and heavy metals analysis of Artemisia dubia and Angelica gigas

Frequency of Mean concentration of residue Registration Korean MRL

Product Pesticide Common name detection (Min.-Max.; mg/kg) in Korea' (mg/kg)
Insecticide Chlorantraniliprole 1 0.007 x 2
Chlorpyrifos 1 0.090 x -
Artemisia dubia Herbicide Pendimethalin 1 0.006 x -
Pb 5 0.110 (0.058-0.179) - 0.3
Heavy metal
Cd 9 0.053 (0.030-0.095) - 0.2
Azoxystrobin 1 0.025 o 8.00
Fluquinconazole 1 0.118 X -
Iprodione 1 0.033 T 20.0°
Fungicide Metconazole 1 0.100 0] 3.0°
Pyraclostrobin 2 0.001 (0.007-0.012) o 15.00
Tebuconazole 1 0.068 ¢} 3.0°
Triflumizole 1 0.070 x 5.0°
Bifenthrin 2 0.017 (0.009-0.025) (0] 2.0°
Chlorantraniliprole 3 0.015 (0.007-0.023) (0] 4.00
Chlorfenapyr 1 0.060 T 0.70
Cypermethrin 1 0.014 X -
Deltamethrin 1 0.013 ¢} 1.0°
Angelica gigas Endosulfan 1 0.006 *
Korean angelica Etofenprox 1 0.066 0 15.0°
Insecticide Fenazaquin 1 0.034 x -
Fenitrothion 1 0.056 T 5.00
Flubendiamide 1 0.018 x -
Methoxyfenozide 1 0.013 X -
Novaluron 1 0.043 x -
Spiromesifen 1 0.060 X -
Terbufos 1 0.028 x -
Tebupirimfos 1 0.007 x -
Linuron 2 0.036(0.13-0.059) (0] -
Herbicide Metolachlor 1 0.107 T 0.05
Pendimethalin 4 0.011 (0.008-0.018) (0] -
Thiobencarb 2 0.026 (0.012-0.039) (0] -

'0: registered, x: not registered, T: Temporally registered'**?, 2
* MRL applied as leafy vegetable.

-: not estimated?®.

*: prohibited by the law.
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Table 8. Results of pesticide residue analysis of Punica granatum, Rubus coreanus, Actinidia arguta, Vitis coignetiae, and Pyrus pyrifolia

Frequency of Mean concentration of residue Registration Korean MRL

Product Pesticide Common name detection (Min.-Max.; mg/kg) in Korea' (mg/kg)
Azoxystrobin 3 0.027 (0.011-0.057) o 2
Bitertanol 1 0.013 X -
Carbendazim 1 0.103 x -
Difenoconazole 2 0.049 (0.016-0.082) (¢} -
Fludioxonil 1 0.783 X -
Fungicide
Fluxapyroxad 1 0.013 x 0.307
Penthiopyrad 1 0.014 T -
Punica granatum Pyraclostrobin 1 0.019 X -
Pomegranate
Tebuconazole 3 0.044 (0.018-0.064) T -
Trifloxystrobin 2 0.021 (0.011-0.031) (0] -
Acetamiprid 1 0.05 o -
Bifenthrin 1 0.023 o -
Insecticide Etofenprox 1 0.022 o -
Lufenuron 1 0.052 O -
Spirodiclofen 1 0.020 x -
Boscalid 1 0.009 (0] 9.00"
o Carbendazim 2 0.018 (0.015-0.021) x 2.00
Fungicide
Oxadixyl 1 0.047 X -
Rubus coreanus Pyraclostrobin 1 0.097 (0] -
Raspberry Bifenthrin 1 0.017 T 0.307
Chlorfluazuron 1 0.020 o 1.00
Insecticide
Sulfoxaflor 1 0.006 o 0.50
Indoxacarb 1 0.073 o 0.50
Boscalid 1 0.101 X -
o Carbendazim 2 0.035 (0.006-0.063) x -
Fungicide .
Cyprodinil 1 0.029 X -
Iprodione 1 0.040 x -
Buprofezin 1 0.007 x -
Actinidia arguta .
Arguta kiwifruit Dinotefuran 2 0.062 (0.045-0.078) x -
Etofenprox 2 0.013 (0.007-0.018) (0] 1.007
Insecticide Imidacloprid 1 0.016 x -
Spirotetramat 1 0.052 0] 0.207
Sulfoxaflor 1 0.045 X -
Thiamethoxam 1 0.019 o -
Ametoctradin 2 0.038 (0.024-0.051) x -
Azoxystrobin 1 0.582 o -
Boscalid 1 0.258 x -
I{?tzs cozgnetzaei Fungicide Carbendazim 2 0.042 (0.031-0.053) (¢} -
Crimson glory vine
Difenoconazole 4 0.051 (0.009-0.130) (0] -
Dimethomorph 1 0.532 o -
Ethaboxam 1 0.016 o -
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Table 8. (Continued) Results of pesticide residue analysis of Punica granatum, Rubus coreanus, Actinidia arguta, Vitis coignetiae, and Pyrus
pyrifolia

Frequency of Mean concentration of residue Registration Korean MRL

Product Pesticide Common name detection (Min.-Max.; mg/kg) in Korea' (mg/kg)
Famoxadone 2 0.081 (0.034-0.128) x 5.00"
Iprodione 1 0.023 T -
Kresoxim-methy 1 0.024 (¢} -
Mandipropamid 1 0.028 x -
Fungicide
Propiconazole 2 0.040 (0.008-0.072) x -
Spirotetramat 1 0.031 x -
Tebuconazole 3 0.120(0.006-0.265) T -
Trifloxystrobin 4 0.121(0.005-0.401) o 3.00
Acetamiprid 1 0.007 x -
Cfgz(fno’gggfy”ieme Bifenthrin 1 0.045 x -
Clothianidin 4 0.026 (0.010-0.045) x -
Cyhalothrin 4 0.018(0.007-0.045) x -
Dinotefuran 5 0.0771 (0.023-2.031) x -
Insecticide Fenitrothion 1 0.006 T -
Flubendiamide 3 0.294 (0.034-0.699) x -
Fluxapyroxad 1 0.026 X -
Methoxyfenozide 1 0.206 o 1.00
Novaluron 3 0.126 (0.021-0.235) x -
Thiamethoxam 2 0.080 (0.036-0.123) x -
Azoxystrobin 1 0.015 x -
Fungicide Bitertanol 1 0.065 x -
Fenarimol 2 0.024 (0.015-0.033) x -
Bifenthrin 1 0.023 x -
Buprofezin 2 0.089 (0.011-0.166) x -
Chlorantraniliprole 1 0.017 X -
Cypermethrin 1 0.052 X -
Pyrus pyrifolia Dinotefuran 1 0.019 x -
S Etofenprox 1 0.082 x -
Fenitrothion 3 0.412 (0.013-0.232) x -
Flubendiamide 1 0.060 X -
Flufenoxuron 1 0.122 x -
Spirodiclofen 1 0.014 X -
Spiromesifen 1 0.030 X -
Spirotetramat 1 0.011 x -
'0: registered, x: not registered, T: Temporally registered'™, ? -: not estimated”®.
F 57.7%, A7 40.0%, B 37.9%, HY 50.0%, Fts -, AFRSEIIEC] AAH e vk BF IFEE
33.3%, HaAE7] 25.0%C1903, AE FF & ARFE VIE olaflon, AR 8Tl AAH A B 5
71Eo]l AR sk Hlge HEAET] 100%, v oFe] A tiF-Eo] PLS7IE 0.01 mgkgs HAT
75.0%, =24 552%, 99 50.0%, FE 50.0%, T Ytz e] FAEAE A, veE FoFe] AR W=
55.2%, P 27.3%, M5k EEA] 0%tk ARF] B T =2 Ae & l8led, ol AvisriEe] A



352 Junheon Kim et al.

ol Hgoz g AER AL ofd], vES Fopel
HEZ Fol7] AeAHE At tld wg % izt
o|olAoF & Folnl, Ed FeE WalF 2AE Fa
of g WalFel ta kAl 50| o|Fo] Ao} & o]
o Sulel @E3 o] Fort A4S YNBASFE 52
ool A3, AHSHE FF F W5S Boko] Bor],
S8 R 457587170 A Hoo] AL
& % Aglth AR S0 APH Yt Fope]
Fage] S871% olalel AL ok UAMETIEA FoF
o MEY, HTIF, HEA/E 7)F0) B AHEE 2
o 2. ol NES o £9 B} 55 F &
55187122 ARaA B9 5oF haAlg Tz %ol
AHee oz o

SERICRNER
SICOERSEIR R
99 ol%t v
d, st g9 v, FPARe] Hae =e
24 FPaRRete olsdd (@ Fudiskayl A
=gyt

FHS S A E SR UA =] Aol wet, woke] b
ARl B SAET A Y AL (YA E ) R
2 555 g 7t Hof, 5HA
A o
S vtefstarxl, AR EA 13 of
o B FF& IRAHRALE S AvER =
AEQL A, s, =R, gyl tisted AL A
F°] 0%, 40.0%, 20.0, 26.7%°lA] 5kl HAZEJAL, °F
279 F&, B, vhe 133%, 56.3%, 0%2] FoF AHE-
o] Tt FAF AL A B AR, BRG] o}
A, W5, S, ABAlM = A AIRE] 57.1%, 33.3%,
26.7%, 66.7%, 46.7%, 0%1A Foto] AEHANT T5&
(4, 7H=s)2 =R oF el Xnt HE =90t Aol
A Y= AREekl e Are Wels S 9
FARARS Es, 5 FATES AR HEE A
TR S YgakEe] A Sl ARE &
[

¢

19 oxl
k17

o J
ro do

‘?4

J

Conflict of interests

The authors declare no potential conflict of interest.

ORCID
Junheon Kim https://orcid.org/0000-0001-5204-3369
Ji Yeon Oh https://orcid.org/0000-0001-8662-6642
Jihye Shin https://orcid.org/000-000209666-990X
References

10.

11.

12.

. Park, B.J,, Gil, K.H., Son, K.A., Im, GJ., Yoon, H., Park,

K.H., Kim, D.H., Ihm, Y., Paik, M.K., Acute and chronic
exposure assessment of organophosphate pesticides through
the consumption of fruit vegetables. Korean J. Pestic. Sci.,
18(2), 95-103 (2014).

. Kumari, D., John, S., Health risk assessment of pesticide res-

idues in fruits and vegetables from farms and markets of
Western Indian Himalayan region. Chemosphere, 224, 162-
167 (2019).

. Golge, O., Hepsag, F., Kabak, B., Health risk assessment of

selected pesticide residues in green pepper and cucumber.
Food Chem. Toxicol., 121, 51-64 (2018).

. Diop, A., Diop, Y.M., Thiare, D.D., Cazier, F., Sarr, S.O.,

Kasprowiak, A., Landy, D., Delattre, F., Monitoring survey
of'the use patterns and pesticide residues on vegetables in the
Niayes zone, Senegal. Chemosphere, 144, 1715-1721
(2016).

. Akoto, O., Andoh, H., Darko, G., Eshun, K., Osei-Fosu, P.,

Health risk assessment of pesticides residue in maize and
cowpea from Ejura, Ghana. Chemosphere, 92(1), 67-73
(2013).

. Ministry of Food and Drug Safety, (2020, May 2). Enforce-

ment of PLS from 1 January 2019. Press Release dated 27
December 2018. Retrieved from http://www.mfds.go.kr/brd

. Ministry of Food and Drug Safety, 2016, Analysis of harmful

substances such as agricultural producsts. MFDS Notifica-
tion No. 2016-148 (2016.12. 26.), Cheongju, Korea.

. Ministry of Food and Drug Safety, 2019, Food standards and

specifications. MFDS Notification No. 2019-7, Cheongju,
Korea.

. Ministry of Food and Drug Safety, 2019, Korean Food Stan-

dards Codex, Cheongju, Korea.

Kwon, S.-M., Kwon, Y.H., Choi, O.K., Park, M.K., Kim,
K.C., Kang, S.H., Kang, H.G,, Ha, J.O., Yu, S.H., Lee, M.Y.,
Jang, J.H., Park, K.H., Kim, J.B., Characteristic of pesticide
residues in some leafy vegetables at the whole market in
Gyeonggi-do from 2009 to 2013. J. Food Hyg. Safe, 30(2),
196-201 (2015).

Ahn, J.W,, Jeon, Y.H., Hwang, J.I., Kim, J.M., Seok, D.R.,
Lee, E.H., Lee, S.E., Chung, D.H., Kim, J.E., Monitoring of
Pesticide Residues and Risk Assessment for Medicinal
Plants. J. Food Hyg. Safe, 28(1), 13-18 (2013).

Bae, J.S., Seo, B.H., Lee, S.W,, Kim, W.I., Kim, K.R., Heavy
metal uptake by balloon flower together with investigating
soil properties and heavy metal concetrations in the culti-
vated soils. Korean J. Soil Sci. Fert., 47(3), 172-178 (2014).



13.

14.

15.

16.

17.

18.

19.

20.

Pesticide and heavy metal residue in 13 types of agroforestry product 353

Secretariat of the Stockholm Convention, 2009, Endosulfan
and other chemicals being assessed for listing under the
Stockholm, Geneva, Switzerland.

Environmental Risk Management Authority New Zealand
[ERMA New Zealand], 2008, Environmental Risk manage-
ment Authority Decision: Application Number HRC07003.
New Zealand.

Rural Development Administration, 2018, Pesticide Control
Act. Jeonju, Korea.

Choi, GH., Jeong, D.K., Lim, S.J., Ro, J.H., Ryu, S.H., Rark,
B.J., Moon, B.C., Kim, J.H., Plant uptke potenatila of endo-
sulfan from soil by carrot and spinach. J. Appl. Biol. Chem.,
60(4), 339-342 (2017).

Hwang, J.1., Lee, S.E., Kim, J.E., Plant uptake and distribu-
tion of endosulfan and its sulfate metabolite persisted in soil.
PLoS ONE, 10, 0141728 (2015).

Park, S.W., Yoo, J.H., Oh, K.S., Park, B.J., Kim, S.S., Chon,
K.M.,, HK., Hong, S.M., Moon, B.C., Choi, H., Uptake and
translocation of the soil residual pesticided into the vegetable
crop. Korean J. Pestic. Sci., 21(3), 298-309 (2017).
National Institute of Agricultural Sciences, (2020, March 2).
Pesticide Information Service. Retrieved from http:/
pis.rda.go.kr

Cho, D.S., Kim, J.H., A study on the heavy metal tolerance

21.

22.

23.

24.

25.

26.

in several herbaceous plants. Korean J. Ecol., 18(1), 146-156
(1995).

Alirzayeva, E.G,, Shirvani, T.S., Yazici, M.A., Alverdiyeva,
S.M., Shukurov, E.S., Ozturk, T., Ali-zade V.M., Cakmak 1.,
Heavy metal accumulation in Artemisia and foliaceous
lichen species from the Azerbaijan flora. For. Snow Landsc.
Res., 80, 339-348 (2006).

Wu, J., Tan, Y., Wang, Y., Rong, X., Toxic metal contamina-
tion in Artemisia annua L. herbal preparations from different
commercial sources in China. J. Nat. Med., 65, 656-661
(2011).

Gil, J., Park, S.i., Lee, Y., Kim, H.B., Kim, S.C., Kim, O.T.,
Cha, S.W., Jung, C.S., Um, Y., Current status and prospects
of the authentication of Angelica species. J. Plant Biotech-
nol., 43, 151-156 (2016).

Ministry of Agriculture Food and Rural Affairs, 2017. Pro-
duction Performance of Industrial Crops. Seojong, Korea
Cocuzza, GE.M., Mazzeo, G., Russo, A., Giudice, V.L.,
Bella, S., Pomegranate arthropod pests and their manage-
ment in the Mediterranean area. Phytoparasitica, 44, 393-
409 (2016).

Ministry of Food and Drug Safety, (2020, March 2). Pesti-
cides and Veterinary Drug Information. Retrieved from http:/
/foodsafetykorea.go.kr



