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ABSTRACT - In according with the implementation of the Positive List System (PLS), the proper usage of pes-
ticides is being emphasized. It is expected that unregistered pesticides are used for agroforest products, because lim-
ited numbers of pesticide were registered for these items. In this study, the pesticide residues and heavy metals (Pd,
Cd) were investigated in 10 kinds of forest products to comprehend the usage status of pesticides on agroforest prod-
ucts. The detection rate of pesticides (%) detected in Korean angelica-tree, Chinese cedar, tree aralia, Eucommia bark,
Siberian ginseng, Japanese pepper and mastic-leaf prickly ash were 6.7, 13.3, 11.8, 13.3, 10.0, 46.7 and 73.3%, respec-
tively, while those in varnish tree, ginkgo, and acorn were zero. None of the detected pesticide residues have been
registered in connection with these agroforest products. Heavy metals were not detected at all. The pesticide usage and
registration data on agroforestry products obtained in the study will be useful for ensuring the safety of these items for

Korean consumers.

Key words: PLS, Pesticide, Agroforest product, Pesticide residue, Heavy metal residue
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Hallg AEe §F T olf=E 55H v 7t v & HEE 7St} positive list system (PLS), 20191
AHE] HlEte] Eglo]l Hof, EAME TR W Jhe ATl 5 U AR AER, gz, AR
o] =& Ao= dHEnt ofo UAES Uit < AL 9] 16%0] tist] T WF HEE AR A3 v5E

Table 1. List of pesticides analyzed by LC-MS/MS and GC-MS/MS

Instrument  Classification

Pesticide

Insecticides
(80)

Herbicides
(59

LC-MS/MS
(207)

Fungicides

(61)

Plant growth
regulators (7)

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, Spin-
etoram, Spirodiclofen, Spirotetramat, Sulfoxaflor, Tebufenozide, Tebufenpyrad, Teflubenzuron, Thiaclo-
prid, Thiamethoxam, Thiodicarb, Triazophos, Triflumuron, Vamidothion

Azimsulfuron, Bensulfuron-methyl, Benzobicyclon, Bromacil, Cafenstrole, Carfentrazone-ethyl, Chlor-
sulfuron, Clethodim, Clomazone, Cyclosulfamuron, Cyhalofop-butyl, Dymron, Dimepiperate, Dimetha-
metryn, Dimethenamid, Diphenamid, Dithiopyr, Diuron, Esprocarb, Ethoxysulfuron, Fenoxaprop-ethyl,
Fentrazamide, Flucetosulfuron, Flufenacet, Halosulfuron-methyl, Haloxyfop, Hexazinone, Imazosulfu-
ron, Linuron, Mefenacet, Metamifop, Metazosulfuron, Methabenzthiazuron, Metobromuron, Molinate,
Napropamide, Nicosulfuron, Oxadiazon, Oxaziclomefone, Penoxsulam, Pentoxazone, Piperophos, Pro-
panil, Propaquizafop, Pyrazolate, Pyribenzoxim, Pyributicarb, Pyriftalid, Pyriminobac-methyl, Pyrimi-
sulfan, Quinoclamine, Quizalofop-ethyl, Saflufenacil, Sethoxydim, Terbuthylazine, Thenylchlor,
Thiazopyr, Thifensulfuron-methyl, Thiobencarb

Amisulbrom, Azoxystrobin, Benthiavalicarb-isopropyl, Bitertanol, Boscalid, Carbendazim, Carboxin,
Carpropamide, Cyazofamid, Cyflufenamid, Cymoxanil, Cyproconazole, Diethofencarb, Dimethomorph,
Diniconazole, Edifenphos, Ethaboxam, Famoxadone, Fenarimol, Fenbuconazole, Fenhexamid, Ferim-
zone, 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, Pyro-
quilon, Tebuconazole, Tetraconazole, Thiabendazole, Tiadinil, Triadimefon, Tricyclazole, Triflox-
ystrobin, Triflumizole, Uniconazole

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

Insecticides
(60)

GC-MS/MS

(113) Herbicides

@7

Fungicides
(25

Plant growth
regulator (1)

Acrinathrin, Aldrin, BHC, Bifenthrin, Bromopropylate, Carbophenothion, Chlorantraniliprole, Chlor-
dane, Chlorfenapyr, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Chlorpyrifos-methyl, Cyfluth-
rin, Cyhalothrin, Cypermethrin, Deltamethrin, Dicofol, Dieldrin, Dimethoate, Dimethylvinphos,
Disulfoton, Endosulfan, Endrin, EPN, Ethion, Fenitrothion, Fenothiocarb, Fenpropathrin, Fenthion, Fen-
valerate, 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

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

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

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

dues
Instrument LC-8040 (Shimadzu, Kyoto, Japan)
Pursuit XRs Ultra 2.8 L. C18
Column (100 mm (L.) x 2.0 mm (I.D.),
Varian Inc., Palo Alto, CA, USA)
Detector Triple quad mass spectrometer
Mobile phase A: 5 mM Ammonium formate

+ 0.1% Formic acid in water

B: 5 mM Ammonium formate
+0.1% Formic acid in methanol

Gradient condition Time (min.) A (%) B (%)
0.0 90 10
1.0 90 10
1.5 40 60
10.0 2 98
15.0 2 98
15.0 90 10
20.0 90 10
Injection volume 20 uL
Flow rate 0.3 mL/min

Table 3. GC-MS/MS condition for the analysis of pesticide resi-
dues

7000C triple Quadrupole GC-MS
(Agilent Technologies, Santa Clara, CA, USA)

Agilent DB-5MS UI

Instrument

Column (30 m x 0.25 mm x 0.25 pwm)
Detector Triple quad mass spectrometer
Inject temperature 250°C
Oven temperature Rate (°C/min) Temperature (°C) Hold (min)
initial 90 3
20 120 0
8 300 3

Gas flow Carrier gas (He), 1 mL/min

Injection mode /

volume Splitless / 1.0 pL

chromatography-tandem mass spectrometer (LC-MS/MS;
Shimadzu LC-8040, Kyoto, Japan)E ©]-83}%] Table 2]
o FASITE 3k e S dispersive SPE kits
(150 mg PSA (primary secondary amine; average particle
size 40 pm), 900 mg magnesium sulfate)E ©]-&3}o] &
AR T ARLFL, FE0] BARTAS H7s]
gas chromatography-tandem mass spectrometry (GC-MS/
MS; GC/7000C triple quad mass spectrometer, Agilent,
Santa Clara, CA, USA)E ©]&3}4] Table 39 WHO=E

Table 4. ICP-OES condition for the analysis of heavy metals

Instrument 720-ES (Agilent, Santa Clara, CA, USA)
Nebulizer 0.8 mL/min
gas flow rate
Auxiliary 1.50 mL/min
gas flow rate
Plasma 15.0 mL/min
gas flow rate
ICP RF power 1.20-1.50 kW

Analyte wavelength Cd: 226.5 nm, Pb: 220.3 nm

A5t A#EAS LC-MS/MSE 55 0.00063-0.02
(ng/mL)e] WA 57F oo m ZAdstaien, GC-
MS/MSE &% 0.0063-0.2 (ug/mL)e] oA 553 o]
dom st A sk, I 818 7159 80% ©l
ol mid BA HPFHE olgste] 3nkE AEAS I
stk

Zo5 2N

|71 A8 24 gx AEE 122 g9 FAE A F,
A2 10mL (AZRAEE 15 mL)E F718kaL 2417 WA
&, s a 1 mLE AL £ B55S o] 83
80°Coll A 3087t gttt Aoz 23 % nlo|a=z
e E(MARS-6, CEM corporation, Charlotte, NC, USA)E
o]-gste] ettt T8 F A 8718 5 E= &
2Zhste] AT R A AAT & dHHS HE
AFEHE 7171849 AERE ol &3t Tud T4
Inductively coupled plasma-optical emission spectrometer
(ICP-OES; Agilent 720-ES, Agilent Technologies, Santa Clara,
CA, USA)E o]&3le F(Pb)t 7I=H(CdyS A3t
B mpge v 22035 nm, 7FEE 226.50 nmE ARE-EFA

, 52 0.01-1.0 mg/L, 7F=E-2 0.005-1.0 mg/Le] %=
AFAE Zgste] A stk

2
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Table 6. LOD, LOQ, and the recovery rate and relative standard deviation (RSD) of heavy metals spiked in rice and apple at two differ-

ent concentrations

Rice Apple
Heav LOD LOQ
m etalys (ug/kg) (ug/kg) Recovery, % (RSD, %) Correlation Recovery, % (RSD, %) Correlation
05mghkeg  1.0mgkg  coefficient ~ 05mgkg  1.0mgkg  coefficient
cd 17 5.0 995(0.5)  95.9(0.8) 0.9999 893(02)  89.7(0.6) 0.9999
Pb 1.7 5.0 88.0(5.4) 89.7 (0.8) 0.9999 89.4(5.8) 84.8(3.8) 0.9999

il
LOD+=

lF ok
»
>

Table 5°ﬂ ‘/}E}I«H At ﬁl—’ﬁ% B37rE S8 ARseke o
FE FHOE HFY Ve 2 4] HeA 98 tieF
oM =57, A, aJr%lvﬂ anl, v, A} < 7} 10,
50, 100 pgkkg FEo2, TEE5S W], AFE 0.5, 1.0mg/
kg #E2] TEZ AR F7lste 3uks Ak &
AYelM HEd FEere] 38 = Table 590, &
=52 A= Table 6] HERHIT. HrEtdt S35
o] =9} %RSDE 27t 0.3-2.5%9F 0.2-5.8%, FE %=
b Brg&e] Wee A7 823-1149%9F 84.8-99.5%
(Table 5, 6)2 AFEAH 7S U=3IATHY.

Results and Discussion

A Y IS5 A= UY
AiE F AFES 2 S5 HEEELS Table 791
BRI 2UF A, 233 e E ALE 759 o

=
=
Ao ool AZHYL, FEEL BE AARA 7

[e)
ZEA] AohTh JAHE M2 A AR F GuldlA At

% 73.3%, 2] 46.7%, M=olA F53 T 13.33%,
T 11.8%, & 6.7%29] ARolA Fefo] HEH AT
AE JAHE & AFE 599 HAT®No. of pesticides
detected/No. of detectiony= ST 2.552F0] ARSEAL, T
o= 2 1.85%, 29 16wk T3 /AT
9 7} 1.5%9F, F5uret 75 A 2 1 5] ARgH
$ATHTable 7). AEE 5 T/ HF7FHS Table 79
YeER Atk A& sk A 137, AaA 27, A
A 1do1glen, e dikEol sty B vEE F
¢Fo] A tH(No. of violation) (Table 8).
T, AU U] Aol wof 1HRs 8T
Ojﬁlﬂ'rr/] 71Eo] A&E 75 ]7*1 74%% phenthoate,
FZo)* HZEF fenitrothion, flufenoxuron, pendimethalin,
zu e} Az AZE etofenprox, AHERAA HEE
methoxyfenozide= #H7F3]-87]F0] AR o] UA] o},
PLS71E%] 0.01 mg/kg FE7F 2850 BF HFs]&7]
TAE st FEUFE U] Al dE
BE T IRFS 1R LIIEA ot 29
2tz SB duje] JAFRs8TIEe] AEE], 230
HZEH fenitrothion?] ZHF#2 275 &7|5F%] vjvto]
Aot I oA AEE carbofurane A|F52] 40%7F EF
E e - A i = e ] o=

iﬁrﬂ

Table 7. Residual pesticides and heavy metals detection compounds from each product

Detection rate of heavy metals

Product Plant parts No.of  No. of detection No. of pesticides No. of violation (%)
sampled samples (%) detected (%)
Pd Cd

Korean angelica-tree Bud 15 1(6.7) 1 1 (100) 0 0
Chinese cedar Bud 15 2(13.3) 2 2 (100) 0 0
Tree aralia Bud 17 2 (11.8) 5 5(100) 0 0
Varnish tree Bud 15 0(0) 0 0(0) 0 0
Eucommia bark Bark 15 2(13.3) 3 3 (100) 0 0
Siberian ginseng Bark 20 2 (10.0) 3 3 (100) 0 0
Japanese pepper Seed 15 7(46.7) 11 11 (100) 0 0
Mastic-leaf prickly ash Seed 15 11 (73.3) 20 20 (100) 0 0
Ginkgo Seed 15 0 (0) 0 0(0) 0 0
Acorn Seed 15 0(0) 0 0(0) 0 0
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Table 8. Results of pesticide residue and heavy metals analyses of Korean angelica-tree, Chinese cedar, tree aralia, Eucommia bark, Sibe-

rian ginseng, Japanese pepper, and Chinese pepper

Product Pesticide Common name Frequency of Mean conc. of residue MRL Above
detection (Min.-Max.; ppm) (ppm)* MRLs (%)
Korean angelica-tree  Insecticide Phenthoate 1 0.295 0.01° 1 (100)
Fungicide Triflumizole 1 0.023 3.0¢ 0(0)
Chinese cedar o .
Insecticide Dinotefuran 1 0.011 0.05%4 0(0)
Fungicide Iprodione 2 0.343 (0.083-0.602) 20.0¢ 0 (0)
Tree aralia Etofenprox 2 0.088 (0.022-0.153) 7.0¢ 0(0)
Insecticide
Thiamethoxam 1 0.045 0.5¢ 0(0)
o Fenitrothion 1 0.015 0.01° 1 (100)
Insecticide
Eucommia bark Flufenoxuron 1 0.020 0.01° 1 (100)
Herbicide Pendimethalin 1 0.016 0.01° 1 (100)
o o Cypermethrin 3 0.768 (0.110-2.060) 0.01° 3 (100)
Siberian ginseng Insecticide . .
Fenitrothion 2 0.024 (0.021-0.027) 0.01° 2 (100)
Carbofuran 5 0.059 (0.018-0.091) 0.05%¢ 2 (40)
Japanese pepper Insecticide Etofenprox 3 0.116 (0.058-0.151) 0.01° 3 (100)
Fenitrothion 3 0.102 (0.123-0.132) 1.0%¢ 0(0)
Acetamiprid 2 0.014 (0.010-0.018) 0.1¢¢ 0(0)
Mastic-leaf Insecticide Etofenprox 9 0.317 (0.055-0.594) 0.01° 9 (100)
prickly ash
Methoxyfenozide 9 0.119 (0.026-0.267) 0.01° 9(100)

"MRL: maximum residue levels?®, "MRL sets as 0.01 mg/Kg by PLS*, “Temporally registered®”, “MRL as stalk and vegetable group,

‘MRL as fruit spices.
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